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Brevard County, Florida Shore Protection Project 
General Reevaluation Report 

Engineering Appendix 
 

BACKGROUND 
 
A-1.  The Brevard County, Florida, Beach Erosion Control Project, as described in House 
Document No. 352, 90th Congress, 2nd Session dated 8 July, was authorized by the River 
and Harbor Act of August 13, 1968. The project authorized construction of recreational 
and protective beaches to be constructed in the vicinity of Cape Canaveral and 
Indialantic-Melbourne Beach. 
 
A-2.  On September 23, 1982, the Committee on Public Works and Transportation, U.S. 
House of Representatives adopted a resolution directing the Board of Engineers for 
Rivers and Harbors to review the feasibility of providing beach erosion control works in 
Brevard County in the area from Patrick Air Force Base southward to the Town of 
Indialantic. In response to the above resolution, on 23 December 1996 the Brevard 
County, Florida Shore Protection Project Review Study was submitted for approval. This 
report recommended nourishment along 2 separable reaches. The North Reach is 
bounded by Canaveral Harbor to the north and Patrick Air Force Base to the south. The 
south reach begins near the town of Indialantic and extends southward to Spessard 
Holland Park. The previously constructed Patrick AFB and South Reach beach fills 
bound the present ‘Mid-Reach’ project site. 
 
A-3.  The North Reach project fill area includes 9.4 miles of shoreline from Florida 
Department of Environmental Protection (FDEP) Monument R-03 to R53. Initial 
construction was completed April 2001 and placed approximately 3.1 million cubic yards 
(Mcy) of material. The Air Force funded a nourishment of its beaches from R53 to R77, 
which was constructed in conjunction with the North Reach and placed 0.6 Mcy of fill. 
The South Reach project was initially nourished in two segments due to permit 
restrictions concerning turtle nesting season; the first segment (R-122.5 to R-139) was 
completed in April 2002 and the second segment (R-118.3 to R-123.5) was completed in 
April 2003. Total fill in the South Reach was approximately 1.6 Mcy. 
 
A-4.  The Mid-Reach extends 7.6 miles from monument R75.4 (the southern end of 
Patrick AFB) southward to R119, where the South Reach fill begins. The Mid Reach was 
removed from the Brevard County Shore Protection Study due to potential adverse 
environmental impacts to nearshore reef-rock outcrops that require further analysis. It is 
the purpose of this appendix to evaluate alternatives that would alleviate erosional 
impacts while protecting the reef ecosystem. 
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PROBLEM IDENTIFICATION 
Beach Erosion 
 
A-5.  The beaches of Brevard County have experienced temporally and spatially variable 
erosion during the past several decades (USACE 1996). Similar to the previously-
approved North and South Reaches of the project, the Mid-Reach has experienced MHW 
line and bluff erosion that threatens coastal development and infrastructure; however, the 
Mid-Reach is significantly different from the rest of the Brevard County Shore Protection 
Project due to the presence of ‘reef rock’ in the surf-zone. The purpose of this 
investigation is to (1) assess the impact of beach erosion in the project area and (2) 
produce alternatives to alleviate the erosion impacts while minimizing impact to the reef 
rock resource. 
 
Nearshore Rock Outcrops 
A-6.  Extensive surveying and mapping of the nearshore rock was performed by the local 
sponsor (Brevard County) and is presented in a report entitled Assessment of Nearshore 
Rock and Shore Protection Alternatives Along the “Mid Reach” of Brevard County, 
Florida (Olsen Associates, 2003). The following is a short synopsis of the rock features 
in the project area. 
 
A-7.  The Mid Reach nearshore rock is characterized as tabular lithified coquina 
(limestone) ledges, which occur in a longshore band that extends from approximately the 
MLW shoreline seaward a variable distance up to approximately 300 feet. The vertical 
relief and longshore density of the rock vary significantly along the project area. In 
general the rock is most complex and extensive in the northern portion of the project and 
decreases in density toward the south. The rock occurs as both isolated outcrops and large 
tabular sections. Vertical relief ranges from 0” (flush with the surrounding beach profile) 
to approximately 18”; isolated portions are up to 30” above grade. Due to the location of 
the rock, in the energetic environment of the surf-zone, and the low relief of much of the 
rock, total exposed surface area of the outcrops appears to be quite variable; the most 
recent rock survey (derived from 2004 aerial photography) found a total of approximately 
31.3 acres in the Mid Reach project area. A complete description of the reef-rock appears 
in the GRR Environmental Impact Statement. 
 
NATURAL FORCES 
A-8.  Natural forces that influence the coastal processes characteristic of the Brevard 
County, Florida shoreline include winds, tides, currents, waves and storm effects. The 
role of each of these factors and their contribution to beach erosion in Brevard County 
Mid-Reach are described in the following paragraphs. 
 
Winds 
A-9.  Winds and the short-period waves they produce are the primary mechanisms of 
sand transport at the project site. Winds offshore in the project area vary seasonally with 
typical prevailing winds from the northeast through southeast. Low-pressure winter cold 
fronts generally traverse the continental United States from west to east. These conditions 
occasionally produce strong storms, called nor’easters, which can cause extensive beach 
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erosion and shorefront damage. The summer months (June through October) are 
characterized by southeast trade winds and tropical weather systems traveling east to west 
in the lower latitudes. Tropical disturbances regularly develop into tropical storms and 
hurricanes, which generate devastating winds, waves and storm surge when they impact 
the project area.  
 
Tides and Currents 
A-10.  Tides in the area are semi-diurnal; the mean tidal range at Canaveral Harbor is 3.5 
feet. All elevations provided in this appendix are referenced to National Geodetic 
Vertical Datum of 1929 (NGVD). The National Ocean Service (NOS) has established 
tidal datums at the Port Canaveral Entrance based on a 1960-1978 tidal epoch; these 
datums are scheduled for an update to the 1983-2001 tidal epoch some time in the near 
future. These datums define mean high water (MHW) as 1.99 feet above NGVD, and 
mean Low Water (MLW) as 1.61 feet below NGVD (CO-OPS 2004). The U.S. Army 
Corps of Engineers, Jacksonville District (CESAJ) has established a fixed construction 
datum for Canaveral Harbor which is 1.90 feet below NGVD, which was referred to as 
MLW in some past literature. Elevation from CESAJ surveys referenced to MLW may be 
converted to NGVD by subtracting 1.90 feet. For the purposes of the following 
discussion and analysis, MLW will be defined by the NOS definition of -1.61 NGVD. 
 

 
Figure A-1. Relationship between vertical geodetic and tidal datums for Brevard County SPP Mid Reach. 

 
A-11.  The primary ocean current offshore of the project area is the Florida Gulf Stream. 
With the exception of intermittent local reversals, it flows northward. The average annual 
current velocity is approximately 28 miles per day, varying from an average monthly low 
of about 17 miles per day in November to an average monthly high of approximately 37 
miles per day in July. The axis of the Florida Gulf Stream typically lies about 30 nautical 
miles east of Cape Canaveral. The Gulf Stream current may have indirect effects on the 
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sediment transport regime of the Mid Reach, but it is not one of the primary influences on 
the beach sediment transport regime. 
 
A-12.  Littoral currents affect the supply and distribution of sediment on the sandy 
beaches of Brevard County. Longshore currents, induced by oblique wave energy 
generally determine the long-term direction and magnitude of littoral transport. The most 
influential cross-shore currents are generally induced by storm waves and surge. Storm-
induced cross-shore currents often result in the offshore transport of beach material, 
resulting in temporary or permanent erosion of the beach. More detailed discussions of 
longshore and cross-shore sediment transport will be presented in subsequent sections of 
this appendix.   
 
Waves 
A-13. The principal forcing mechanism that causes sediment transport in the nearshore 
environment is the dissipation of energy (and corresponding transport of sand particles) 
as waves enter the nearshore zone and break. Wave height, period, and direction along 
with storm surge are the most important factors influencing the project shoreline. In order 
to evaluate the effects of incident waves on the project area, a nearshore wave climate 
was specifically developed for the Mid-Reach by transforming available deepwater 
hindcast information to the nearshore using a spectrally-based wave model.   
 
A-14. The deepwater wave information was taken from a 50-year-long (July 1, 1954 – 
June 30, 2004), numerically generated database developed by Oceanweather, Inc. for the 
Air & Environment Service of Canada (AES).  In the original development of the AES 
information, global wind fields were locally enhanced for hurricanes and other storms, 
and the winds then used to drive a 3rd generation ‘WAM-like’ wave hindcasting model 
(see Swail and Cox, 2000).  
 
A-15. The primary advantage of this dataset versus the more commonly used WIS data 
is the 50-year period over which the AES data is available; whereas, Atlantic coast WIS 
data spans a shorter 20-year time span from 1980-1999. Additionally, analysis indicates 
that the AES data, once transformed to the nearshore, compares more favorably with in-
situ wave gage measurements near the project area than WIS data that is similarly 
transformed to the nearshore.  
 
A-16. At a selected number of AES model grid points, spectral wave parameters and 
wind speed & direction were archived every six hours.  One of the archived AES grid 
points lies directly off Cape Canaveral (#3278), as shown in Figure A-3. Data from this 
location was transformed to an intermediate depth utilizing a modified version of the 
Corps’ Steady-State Spectral Wave Model (STWAVE). 
 
A-17. Recent work in the Canaveral Bight by FDEP/Surfbreak Engineering Sciences 
(SES) has demonstrated the importance of bed-induced energy losses (e.g. bottom 
friction) in reducing incident wave energy, particularly during storms.  A SES-modified 
version of STWAVE, called ‘STWAVE+’, has shown the ability to replicate these 
dissipation processes, and in previous work has been validated using approximately five 
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years of wave data collected near Sebastian Inlet.  In the present effort, this model was 
calibrated using in-situ wave gage data gathered at Spessard-Holland Park (3.5 miles 
south of the Mid Reach). The long-term nearshore climate was then developed by driving 
the calibrated STWAVE+ model using the AES information. 
 
A-18. Nearshore wave spectra developed from the STWAVE+ simulations were archived 
at 105 output stations located between R-69 and R-124. The stations were located in 
nominally 6 meters water depth and were spaced at 150 meter intervals along shore. 
Output station locations were chosen primarily based on the requirements for the 
GENESIS model, i.e. that the station be located seaward of wave breaking. Wave spectra 
were computed for each station at six-hour intervals for the 50-year period from July 
1954 through June 2004. 

 
Figure A-2. Regional map of Canaveral Bight showing 1) limits of Mid-Reach study area (R-75 to R-118), 2) location 
of Spessard Station (R-138), and 3) AES grid point #3278.  WIS stations and location of NDBC wave buoy # 41009 
shown for reference.  
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A-19. For the purposes of discussion and comparison, STWAVE+ output at the 6-meter 
depth were shoaled and refracted to breaking utilizing an iterative routine (CETN-II-19) 
that utilizes Snell’s law and conservation of wave energy flux. This process is similar to 
the process GENESIS utilizes to bring intermediate depth waves to breaking before 
computing sediment transport rates and shoreline evolution. Because sediment transport 
along the beach is influenced by wave characteristics at the wave break point, breaking 
wave statistics provide convenient and meaningful insight into how the incident wave 
field directly impacts sediment transport. Wave direction is referenced to the local 
shoreline as shown in Figure A-3. 

 
Figure A-3. Wave Direction Sign Convention 

 
Seasonal Climate Variation 
A-20. The project area is subject to seasonal variations in wave climate that are typical of 
the southeast Atlantic coast of the US. The region encounters relatively high-energy 
waves during the winter as a result of extra-tropical nor’easters, which originate in the 
north Atlantic, and again in the late summer and fall as a result of tropical storms and 
hurricanes, which originate in the Caribbean (see Figure A-4).  
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Figure A-4. Tropical storm and hurricane seasonal variation, courtesy of National Oceanographic and Atmospheric 
Administration (NOAA). 

 
A-21. Corresponding to this shift in the wave energy source, there is a shift in wave 
direction from northerly in the winter to southerly in the summer. Monthly average wave 
height, period, and direction at FDEP monument R-97 (approximately the center of the 
Mid Reach) are presented in Figure A-5. These data were compiled by averaging the 
wave conditions for each month over the 49 year period from 1955 through 2003.  
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Figure A-5. Seasonal trends of breaking wave height, period and direction. X-axis refers to month, i.e. 1 = January, 2 
= February, etc. 

  
A-22. From January through May the monthly average wave height (Figure A-5, top 
panel) remains relatively steady while, at the same time, wave direction (middle panel) 
becomes more southerly and the wave period drops (bottom panel).  These trends 
illustrate the influence of nor’easters on the wave climate and show the decline of 
nor’easter activity as summer approaches and sub-tropical and tropical weather systems 
dominate the region. May through July are typically mild owing to the gap between the 
end of the nor’easters and the beginning of strong tropical storm/hurricane activity—this 
trend is evident in the top panel, where average wave heights are at their lowest. Waves 
during this lull in storm activity are produced by easterly trade winds and are generally 
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low energy and approach from south of shore-normal. August through October sees a 
steady increase in wave energy due to the presence of tropical storms and hurricanes, 
which is evident in the wave height and period plots. Wave directions remain south of 
shore-normal during late summer on average as tropical storms track north and east from 
the Caribbean. November and December see a return to the winter pattern of wave energy 
originating in the north Atlantic. 
 
Storm Surge 
A-23. Storm surge can be defined as an increase in water level, which results from 
forcing by atmospheric weather systems. Surges occur primarily as a result of 
atmospheric pressure gradients and surface stresses created by wind blowing over a water 
surface. When the water’s momentum carries it beyond the position of static equilibrium, 
a long wave phenomenon results in which the water surface increases downwind and 
decreases upwind. In addition to wind speed, directional and duration, storm surge is also 
influenced by water depth, length of fetch and frictional characteristics of the nearshore 
sea bottom. Estimates of theses water level changes are required for simulation of storm 
conditions and for the design of beach fill crest elevations. An increase in water depth 
may cause coastal flooding and may potentially allow larger storm waves to attack the 
shore. The bulk of the storm surge impacts within the project area comes from tropical 
storms and hurricanes. Nor’easters produce significant wave heights and durations, but 
they do not generally come close enough to produce significant storm surges in Brevard 
County. 
 
A-24. Dean and Chiu (1986) performed a total storm tide frequency analysis for Brevard 
County, Florida. The results of that study are presented in Figure A-5, which identifies 
the total surge and corresponding return period for 10, 20, 50, 100, and 500-year storm 
events. Total tide height reflects the sum effect of wind stress, atmospheric pressure, 
dynamic wave setup and astronomical tides. 
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 Figure A-6.  Storm surge frequency relationship for Brevard County. 

 
 
Sea Level Change Prediction 
A-25. Throughout geologic history, global sea level variations, both rise and fall, have 
occurred. Changes in sea level cause the shoreline to be out of equilibrium and set into 
motion processes that restore equilibrium; which, in turn, cause the shoreline to erode or 
accrete. Two processes are predominantly responsible for relative changes in sea level: 
change in the absolute water level of the oceans and the subsidence or submergence of 
the land by geologic processes. Various methods for estimating future changes in sea 
level at specific location are provided in the publications discussed below. 
 
A-26. In 1995, the U.S. Environmental Protection Agency (EPA) published a report 
entitled The Probability of Sea Level Rise (Titus and Narayanan, 1995). This report 
provides sea level information in a form that can be incorporated into engineering 
designs, decision analyses, and legal opinions. This report estimates that along most of 
the U.S. Atlantic coast, there is a 50 percent chance that sea level will rise by at least one 
foot by the year 2050 and two feet by the year 2100. It also estimates that there is a 1 
percent chance that sea levels will rise one foot in the next thirty years and four feet in the 
next century. The report presents a methodology for estimating future sea level change at 
a particular location by simply adding the current rate of sea level change (based on 
historical data) to a normalized projection. 
 
A-27. The National Ocean Service (NOS) has compiled long-term records of measured 
water surface elevation at various locations along the United States coastline. The closest 
station to the project area is gage 8721120 in Daytona Beach, FL (~75 miles to the north). 
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Based on available measured data, historical sea level change at this location is estimated 
as +2.32mm/yr (NOS 2004). 
 
A-28. The U.S. Army Corps of Engineers (USACE) has provided guidance in the form 
an Engineering Circular, EC 1165-2-211 to incorporate the direct and indirect physical 
effects of projected future sea-level change on design, construction, operation, and 
maintenance of coastal projects. EC 1165-2-211 provides both a methodology and a 
procedure for determining a range of sea level rise estimates based on global sea level 
change rates, the local historic sea level change rate, the construction (base) year of the 
project, and the design life of the project. Three estimates are required by the guidance: a 
Baseline estimate representing the minimum expected sea level change, an Intermediate 
estimate, and a High estimate representing the maximum expected sea level change.    
 
A-29. Adjusting equation (2) in EC 1165-2-211 to include the historic global mean sea-
level change rate of +1.7 mm/year results in updated values for the variable b being equal 
to 2.36E-5 for modified NRC Curve I (Intermediate), 6.20E-5 for modified NRC Curve 
II, and 1.005E-4 for modified NRC Curve III (High). 

Equation 2: E(t) = 0.0017t + bt2 
 

 
A-30. Equation (3) of EC 1165-2-211 Appendix B calculates eustatic sea level change 
over the life of the project. E(t) is eustatic sea level change and b is a constant provided in 
EC 1165-2-211; t1 is the time between the project’s construction date and 1986 and t2 is 
the time between a future date at which one wants an estimate for sea-level change and 
1986 (or t2 = t1 + number of years after construction (Knuuti, 2002)). For example, if a 
designer wants to know the projected eustatic sea-level change at the end of a project’s 
period of analysis, and the project is to have a fifty year life and is to be constructed in 
2012, t1 = 2008 – 1986 = 26 and t2 = 2058 – 1986 = 76. 

Equation 3: E(t2) – E(t1) = 0.0017(t2 – t1) + b(t2
2 – t1

2) 
 
A-31. Modifying equation (3) to include site-specific sea level change data results in an 
equation for Relative Sea Level (RSL).  This equation is used to estimate Baseline, 
Intermediate, and High sea level rise values over the life of the project.   

RSL(t2) – RSL(t1) = (e+M) (t2 – t1) + b(t2
2 – t1

2) 
 
RSL(t1) and RSL(t2) are the total RSL at times t1 and t2, and the quantity (e + M) is the 
local change in sea level in m/year that accounts for the eustatic change as well as uplift 
or subsidence. The quantity (e+M) is found from the nearest tide gage with a tidal record 
of at least 40 years.   
 
A-32. Based on historical sea level measurements taken from NOS gage 8721120 at 
Daytona Beach Shores, Florida, the historic sea level rise rate (e+M) was determined to 
be +2.32 +/- .63 mm/year (0.0076 ft/year) 
(http://tidesandcurrents.noaa.gov/sltrends/index.shtml).  The project base year was 
specified as 2012, and the project life was projected to be 50 years.  Table A-1 shows the 
results of equation (3) every five years, starting from the base year of 2012.  From this 

http://tidesandcurrents.noaa.gov/sltrends/index.shtml�
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table, the average Baseline, Intermediate, and High sea level rise rates were found to be 
+2.32 mm/year (0.0076 ft/year), +4.73 mm/year (0.015 ft/year), and +12.6 mm/year 
(0.0412 ft/year), respectively.  Figure A-7 shows the three levels of projected future sea 
level change for the life of the project. 
 
A-33. The local rate of vertical land movement is found by subtracting regional MSL 
trend from local MSL trend.  The regional mean sea level trend is assumed equal to the 
eustatic mean sea level trend of +1.7 mm/year.  Therefore in Brevard County, there is 
0.62 mm/year of subsidence. 
 
Table A-1: Relative sea level vs year- Brevard County 

Baseline (Historic) Intermediate (Curve I) High (Curve III)
Year mm ft Year mm ft Year mm ft

Base Year 2012 0.0 0.00 2012 0.00 0.00 2012 0.00 0.00
2017 11.6 0.04 2017 18.3 0.06 2017 40.2 0.13
2022 23.2 0.08 2022 37.8 0.12 2022 85.5 0.28
2027 34.8 0.11 2027 58.5 0.19 2027 135.8 0.45
2032 46.4 0.15 2032 80.4 0.26 2032 191.1 0.63

25 Year 2037 58.0 0.19 2037 103.4 0.34 2037 251.5 0.83
2042 69.6 0.23 2042 127.7 0.42 2042 316.8 1.04
2047 81.2 0.27 2047 153.1 0.50 2047 387.2 1.27
2052 92.8 0.30 2052 179.6 0.59 2052 462.6 1.52
2057 104.4 0.34 2057 207.4 0.68 2057 543.1 1.78

50 Year 2062 116.0 0.38 2062 236.4 0.78 2062 628.6 2.06  
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Figure A-7:  Relative sea level rise, Brevard County 

Beach Responses to Sea Level Change 
A-34. The following section evaluates how the above sea level change scenarios outlined 
the preceding section could affect future beach and shoreline behavior in the project area. 
The principal means by which sea level change would manifest itself on an open coast, 
sandy beach would be through changes to shoreline position and to beach volume.  The 
below analyses are based on the assumption that sea level change would cause a change 
in the horizontal and vertical position of the beach profile. This phenomenon was first 
outlined by Per Bruun (1962). The theory states that an increase in water level causes the 
beach profile to shift upward and landward in response, in order to maintain an 
equilibrium shape. This shift causes both a shoreline change and a volumetric change as 
outlined the following sections.   
 
A-35. Shoreline Change. Per Bruun (1962) proposed a formula for estimating the rate of 
shoreline recession based on the local rate of sea level rise. This methodology also 
includes consideration of the local topography and bathymetry. Bruun’s approach 
assumes that with a rise in sea level, the beach profile will attempt to reestablish the same 
bottom depths relative to the surface of the sea that existed prior to sea level change. That 
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is, the natural profile will be translated upward and shoreward to maintain equilibrium. If 
the longshore littoral transport in and out of a given shoreline is equal, then the quantity 
of material required to re-establish the nearshore slope must be derived from erosion of 
the shore. Shoreline recession, X, resulting from sea level rise can be estimated using 
Bruun’s Rule, as defined below: 
 

X = -SW*/(h*+B) 
 
A-36. Berm height, B, for the project area is approximately 10.6 feet; depth of closure, 
h*, is estimated to be -17 feet NGVD based on the Brevard County Feasibility Report 
(1996); the width of the active profile, W*, is approximately 1800 feet.  This formulation 
results in a Baseline recession rate of -0.50 feet of shoreline per year (ft/yr), an 
Intermediate recession rate of 1.01 ft/yr, and a High recession rate of 2.69 ft/yr that may 
occur as a result of sea level rise over the project life. 
 
 
A-37. The Bruun procedure is applicable to long straight sandy beaches with an 
uninterrupted supply of sand. Little is known about the rate at which profiles respond to 
changes in water level; therefore, this procedure should only be used for estimating long-
term changes. The procedure is not a substitute for the analysis for historical shoreline 
and profile changes. If little or no historical data is available, then historical analysis may 
be supplemented by this method to provide an estimate of the long-term erosion rates 
attributable to sea level rise. The offshore contours in the project area are not entirely 
straight and parallel; however, Bruun’s Rule does provide an estimate of the potential 
shoreline changes within the project area attributable to a projected rise in sea level. 
 
A-38. Volumetric Change. Engineering Manual (EM) 1110-2-3301 gives guidance on 
how to calculate beach volume based on berm height, depth of closure and translation of 
the shoreline (in this case, shoreline recession) using equation ( 4-1).  For this discussion, 
it is assumed that as an unarmored beach erodes, it maintains approximately the same 
profile above the seaward limit of significant transport; therefore, the volume change per 
unit beach width is the vertical height of the active profile, h* + B, multiplied by the 
horizontal translation of the profile, X. 
 

Equation 4-1: V= (B+h*)X 
 

A-39. For this discussion, it is assumed that as an unarmored beach erodes, it maintains 
approximately the same profile above the seaward limit of significant transport; therefore, 
the volume change per unit beach width is the vertical height of the active profile, h* + B, 
multiplied by the horizontal translation of the profile, X. This formulation results in an 
annualized Baseline volume change of 0.51 cubic yards per foot per year(cy/ft/yr), an 
Intermediate volume change of 1.03 cy/ft/yr, and a High volume change of 2.75 cy/ft/yr.   
The annualized rates of sea level rise, shoreline recession, and volume change (volume 
lost) are shown in Table 2.  
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Table A-2: Annualized Rates of Sea Level Rise, Shoreline Recession and Volume Lost 

 
Sea Level Rise Shoreline Recession Volume Lost

(S) in ft/yr (X) in -ft/yr (V) in cy/ft/yr
Baseline 0.01 0.50 0.51
Intermediate 0.02 1.01 1.03
High 0.04 2.69 2.75  
 
A-40. The Baseline sea level change rate curve is extrapolated from the the historical 
shoreline change rate. Figure A-8 illustrates the difference between the Baseline change 
rate and the potential increase in shoreline recession that could occur if sea levels change 
as projected in the Intermediate curve or High curve.  Similarly, Figure A-9 shows the 
relative increase in beach erosion that could be expected if sea level changes follow 
Intermediate or High estimates. These values are normalized with the estimate that results 
from the Baseline/Historical sea level change scenario.    
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Figure A-8: Potential increased shoreline recession due to sea level rise 
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Figure A-9: Potential increased beach erosion (volume loss) due to sea level rise 

 

HISTORICAL EVIDENCE OF COASTAL PROCESSES 
 
A-41. The Mid Reach has experienced long term erosion due to natural processes and 
localized accretion due to diffusion of beach fills into the project. Both processes are 
analyzed in the following paragraphs.  
 
Historic Dune and Shoreline Position Changes 
A-42. An analysis of historical Brevard County shorelines was undertaken in an effort to 
identify regions of shoreline erosion and accretion. Mean high water (MHW) shoreline 
positions for the years 1972 and 1986 were obtained from Florida Department of 
Environmental Protection (FDEP) surveys; data from 1994 and 2002 were obtained from 
Corps of Engineers surveys and 2005 data are from a survey contracted by Olsen 
Associates for the project local sponsor, Brevard County Commission. All shoreline 
positions are referenced to survey monuments (benchmarks) established by FDEP. The 
monuments considered in this analysis commence at R-75, which is north of  the northern 
limit of the Mid Reach and proceed south to R-119, which is the southern Mid Reach 
project limit. 
 
A-43. All analyses were done utilizing beach profiles cut at each survey monument 
location. The dune location was estimated to be the +13.0 foot NGVD contour for this 
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analysis; the MHW shoreline (+2.0 feet NGVD) and dune/bluff position changes between 
surveys were measured directly from the beach profiles at each monument.  
DISCUSSION 
 
A-44. Long-term dune/bluff and MHW position changes are illustrated in Figure A-10. 
The dune and MHW line, in general, followed similar trends of recession, in every reach 
except Reach 1. Volumetric changes indicate that the south end of Reach 1 accreted 
significantly between 2002 and 2005, due to the feeder effect of the South Reach, which 
was initially constructed in 2002/03. This accretion is seen in the reversal of Reach 1 
shoreline recession that is visible in Figure A-10. When averaged over the entire Mid-
Reach, the erosional areas and accretional areas counteract each other to some degree, 
resulting in an average annual MHWL recession of 0.2 foot per year.  
 
A-45. It is evident from Table A-3 that shoreline and bluff-line changes are spatially and 
temporally variable in the Mid Reach project area. The ‘active’ portion of the profile, 
which extends from berm height (approximately +10 ft, NGVD) to depth of closure, is 
exposed to wave energy on a daily basis. This interaction may cause both seasonal and 
episodic fluctuations of the beach width depending on wave height, storm surge, 
sediment transport patterns, and other factors. Periodic advancement and retreat of the 
MHWL indicates that there are both destructive and constructive forces acting on the 
berm and foreshore. Over the project as an average the MHW line advanced an average 
of 0.3 feet per year, 1972-1986; retreated 1.0 feet per year, 1986-1997; advanced 1.6 feet 
per year, 1997-2002; and receded 2.3 feet per year, 2002-2005. Despite the fairly large 
fluctuation in shoreline position in the short-term, the MHWL was relatively stable at -
0.2 feet per year, 1972-2005. 
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Figure A-10. MHW and dune/bluff position changes, 1972 - 2005. 
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A-46. In contrast to the active profile’s pattern advancement and recession, the 
dune/bluff system remains stable or recedes in the short term and has receded in all 
locations in the long term (see Figure A-10); none of the data indicate that a natural 
rebuilding mechanism exists within the dune system in its present state. The mild but 
consistent recession of the shoreline appears to have ‘pinched’ the dune between the 
active beach system and upland development; i.e. there is no sand source to replenish the 
dune from the landward side to replace the volume lost on the seaward side as waves 
attack the dune during storms. The dune system is not able to migrate landward as the 
rest of the beach recedes due to the presence of development and infrastructure; thus, the 
dune steadily loses volume. This apparent lack of a dune-rebuilding mechanism results in 
long term erosion of the bluff that is significantly higher than the MHW shoreline erosion 
rate. Many locations along the project area have little or no dune/bluff left to provide 
protection during storms.  
 
Localized and Short-Term Shoreline Variations 
A-47. Much of the observed change (recession) that occurred between 2002 and 2005 
may be attributed to the landfall of Hurricanes Frances and Jeanne during the summer of 
2004. Both storms’ tracks brought them ashore approximately 65 miles south of the Mid-
Reach. The only beach survey data that directly brackets the occurrence of the storms 
covers only R111 to R118 of the Mid-Reach. These data (gathered June and November— 
December of 2004) indicate that the bluff was stable from 2002 until June 2004 and that 
the MHW line accreted 31 feet during the same period. This MHW line accretion is the 
previously noted diffusion of fill from the 2003 South Reach fill. By comparison, the 
bluff eroded an average of 10 feet and the MHW line eroded 29 feet between June and 
November of 2004, during which time the shoreline was subjected to the effects of 
Hurricanes Frances and Jeanne along with at least one Nor’easter. The beach returned to 
a more stable pattern from November 2004 to spring 2005 with minimal changes 
observed between those surveys. In response to the storms of 2004, the South Reach was 
renourished with 580,000 cubic yards in March and April of 2005 as a part of the Flood 
Control and Coastal Emergencies (FCCE) Act. This nourishment restored it back to the 
2003 post-construction condition. 
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Table A-3. Recent MHWL and bluff line changes due to feeder effects of the 2003 South Reach nourishment and 
storms of summer 2004. 

  2002 to June 2004 June '04 to November '04 November '04 to 2005 
R-Mon Bluff Change MHWL Change Bluff Change MHWL Change Bluff Change MHWL Change 

111 5 16 0 -10 -5 0 
112 1 2 -6 3 4 0 
113 0 26 -15 bad data -1 na 
114 -3 47 -6 -36 0 0 
115 5 78 -21 -57 0 0 
116 0 75 -20 -45 0 0 
117 0 62 -16 -30 -1 0 
118 0 -56 0 na na na 
119 -4 61 -2 -24   

Average 1 35 -10 -28 0 0 
        

120 0 107 0 -52   
121 2 101 -5 -52   
122 Armored 87 Armored -56   
123 -2 52 6 -36   
124 9 -34 -1 -29   
125 0 -5 0 -8   
126 6 -21 -1 -30   
127 1 -38 -2 -10   
128 0 -42 0 23   

Average 1 27 -2 -28   

 
A-48. In Table A-3, note that the MHWL recession associated with the June—
November 2004 period is the same for the Mid and South Reach (28 feet), but that bluff 
recession in the Mid Reach (-10 feet) was 5 times higher than the South Reach (-2 feet), 
which was protected by the newly- constructed South Reach beach berm.  
 
A-49. Two distinct MHWL advancements took place within Reach 1. The first occurred 
between the 1972 and 1986 surveys when the MHWL between R-110 and R-119 
advanced an average of 22 feet (see Table A-4). This isolated accretion might have been 
in response to the 0.5 Mcy fill that was placed between R-126 and R-136 in 1980/81. The 
second occurred between the 2002 and 2005 surveys when the MHWL between R-112 
and R-119 advanced an average of 28 feet. This was a material diffusing northward from 
the initial 1.35 Mcy South Reach fill, placed in 2002/03. Interestingly, the bluff recession 
rate did not abate in Reach 1 during either accretional period, perhaps indicating that 
small (<30-foot) advancements of the MHWL position do not appreciably increase 
protection of the bluff during large wave events.  
 
A-50. In conclusion, the Mid Reach has a pattern of mild MHWL retreat (-0.2 feet per 
year, 1972 to 2005); if the apparent effects of the 1980/81 and 2002/2003 South Reach 
beach fills are removed, the Mid Reach recession rate is -0.4 ft/year. Dune/bluff 
recession, which is the direct threat to upland infrastructure and development, was -0.8 
feet per year between 1972 and 2005.
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Table A-4. MHW and dune/bluff position changes, 1972 -2005 

 
 FDEP 1972-1986 1986-1997 1997-2002 2002-2005 1972-2005 

 

Monument Bluff MHWL Bluff MHWL Bluff MHWL Bluff MHWL Bluff MHWL 

R
EA

C
H

 6
 

75 -15 -5 -1 -6 2 9 -25 -11 -38 -13 
76 2 5 5 6 -4 4 -21 -5 -19 10 
77 Armored -8 Armored 4 Armored 0 Armored 3 Armored -1 
78 -19 -1 -4 2 -1 7 -3 -1 -27 7 
79 Armored 8 Armored -6 Armored 11 Armored 10 Armored 23 
80 -11 14 -1 4 0 -13 3 3 -9 9 
81 -16 2 -8 -14 -5 7 7 -9 -22 -14 
82 -5 12 -6 -25 4 14 2 2 -4 3 

R
EA

C
H

 5
 

83 -23 -6 -2 -9 0 3 -15 -14 -39 -27 
84 -28 -6 1 -13 -8 9 -14 -8 -49 -18 
85 -45 -24 -5 -9 6 26 -22 -18 -66 -26 
86 -26 2 -3 -22 -2 0 -6 -12 -36 -31 
87 -6 2 -2 -8 -2 0 -10 -9 -20 -16 
88 -5 -20 3 2 -2 16 -2 -9 -6 -11 
89 -7 -1 -3 -6 -2 6 -5 -22 -16 -23 
90 Armored 15 Armored -6 Armored 22 Armored -30 Armored 0 
91 Armored 2 Armored -6 Armored 23 Armored -18 Armored 2 
92 Armored -1 Armored -3 Armored 17 Armored -16 Armored -3 

R
EA

C
H

 4
 93 -10 10 -5 -7 2 14 -4 -35 -17 -17 

94 -2 -11 1 5 -1 12 -18 -29 -20 -22 
95 -17 -14 -2 12 -5 13 -9 6 -33 17 
96 -22 -10 0 2 1 12 -7 -11 -28 -7 
97 -11 -7 -5 -3 -5 17 -15 -23 -36 -16 
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98 -20 -18 -2 0 2 18 -7 -24 -27 -24 
R

EA
C

H
 3

 
99 -21 -11 -2 6 3 -3 18 -33 -2 -41 

100 -23 -2 -4 -17 -2 9 -13 -38 -42 -47 
101 -34 -10 -5 12 1 -12 -10 -15 -48 -25 
102 -7 24 -5 -24 -3 5 -26 -6 -41 -1 
103 -15 22 -9 -32 -2 9 12 -5 -14 -6 
104 -8 Bad Data -5 -50 -2 18 -12 -7 -28 -39 
105 10 15 -10 -21 12 7 -30 -8 -19 -7 

R
E

A
C

H
 2

 106 -12 4 -16 -19 -6 19 -11 -19 -44 -15 
107 9 -7 -9 -13 7 27 -19 -20 -13 -14 
108 0 4 6 -12 -9 -7 -8 -1 -11 -17 

R
EA

C
H

 1
 

109 -2 -8 3 -2 -16 -9 3 4 -12 -15 
110 -9 13 2 -44 -15 12 -9 -3 -31 -23 
111 -16 14 2 -39 -9 9 -3 6 -26 -10 
112 -5 7 -11 -31 -3 23 -2 5 -21 4 
113 0 18 -4 -7 -4 -24 -16 21 -25 8 
114 -2 26 -6 -34 -6 6 -9 11 -23 9 
115 -5 26 -6 -16 -8 -7 -3 21 -22 23 
116 -17 30 3 -13 -3 -7 -5 30 -22 41 
117 -15 26 7 -17 -7 -3 -9 33 -24 39 
118 0 33 -9 -18 0 30 -19 0 -28 45 
119 0 24 0 14 0 0 na 0 0 52 

  1972-1986 1986-1997 1997-2002 2002-2005 1972-2005 

  Bluff MHWL Bluff MHWL Bluff MHWL Bluff MHWL Bluff MHWL 
Ave Change (ft) -11.4 4.2 -2.9 -10.7 -2.3 7.7 -8.8 -6.7 -25.2 -5.3 
Ave Rate (ft/yr) -0.8 0.3 -0.3 -1.0 -0.5 1.5 -2.9 -2.2 -0.8 -0.2 
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Mid Reach Historical Beach Volume Changes 
A-51. Beach profile surveys of part or all of the Mid Reach are available from 1972 
through 2005; Table A-5 details the available data. Sources for the data include Florida 
Department of Environmental Protection (FDEP) beach profile surveys, monitoring 
surveys contracted by the project local sponsor’s AE Consultant (Olsen Associates, Inc), 
and the Corps of Engineers-contracted surveys. 
 
Table A-5. Beach profile surveys conducted in Brevard County 1972—2005. 

  

Year Month 
Contracted 

By Data Coverage 
Onshore 

Data Spacing 
Offshore Data 

Spacing 
1972 9 FDEP R1 - R218 1000 3000 
1986 1 FDEP R1 - R218 1000 3000 
1993 12 Corps R1 - R137 1000 3000 
1997 9 Olsen R75 - R118 1000 No Data 
2002 5 FDEP R1 - R188 1000 1000 
2002 10 Corps R75.5 - R118.5 500/1000 1000 
2003 5 Olsen R116 - R143 1000 1000 
2004 6 Olsen R1 - R77 1000 1000 
2004 6 Olsen R110 - R145 1000 1000 
2004 11 Olsen R118 - R139 1000 1000 
2004 12 Olsen R54 - R75 1000 1000 
2005 2 Olsen R75 - R118 500 1000 
2005 5 Olsen R110 - R145 1000 1000 

 
A-52. Data coverage in the longshore and cross-shore varies from survey to survey. 
Onshore Data Spacing refers to the so-called ‘wading depth’ portion of the profiles, 
which extend from the FDEP monument atop the dune to approximately the -5 foot 
contour. These onshore data are typically gathered at every monument resulting in a 
nominal spacing of 1000 feet between beach profiles. Offshore data were gathered at 
every 3rd monument in 1972, 1986, and 1993 for a nominal spacing of 3000 feet for those 
surveys. No offshore data were gathered in 1997. All surveys from 2002 to the present 
include onshore and offshore data at every monument. 
 
A-53. Volume change calculations were performed for the periods 1972-1986, 1986-
1993, 1993-2002, 2002-2005, and 1972-2005. Results of the analysis are presented in 
Table A-4. Digital terrain models (DTM’s) of each survey were created in the 
MicroStation® and Inroads® software package; then beach profiles were created at each 
FDEP survey monument. The average end area method was employed to determine the 
volume change between adjacent beach profiles. Volumetric calculations are presented 
over three spatial extents 1) the sub-aerial beach, which includes the region from the dune 
to the mean high water line (MHWL); 2) the sub-aqueous beach, which is the submerged 
portion of the profile from the MHWL to Depth of Closure (DOC); and 3) the entire 
active profile, which is the entire profile from Dune to DOC. DOC was established as -17 
feet NGVD29 in USACE 1996. Additional analysis in Appendix K, Sub-appendix F, 
page 17 indicated that profile ‘stability’ is reaches at depths greater than -16 feet NGVD. 
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Figure A-11 depicts the method utilized to compute the volume change discussed in the 
following paragraphs. 
  
 

 
 
Figure A-11. Beach Profile and Volume Change Definition Sketch 

 
A-55. The volume change data for the period from 1972-2005 are presented in Table A-
6. Figure A-12 depicts the volumetric change data in terms of cubic feet per year per 
linear foot of shoreline. The Brevard County Mid Reach, as a whole, exhibited an 
erosional pattern between 1972 and 2005. Mid Reach losses were 1.2 MCY, for an 
average erosion rate of 36,500 cubic yards per year or 0.9 cubic yards per year, per linear 
foot of beach. Visible in Figure A-10 are two regions with erosion rates in excess of 1.0 
cy/ft/yr centered near R-81 and R-97. The Mid Reach was erosional at all measured 
locations north of monument R-113. From R-113 to R-119, the beaches were slightly 
accretional in the long-term. This accretion is likely due to feeder effects from the beach 
fills that took place in the South Reach in 1980/1981 and 2002/2003. 
 
A-56. Figure A-13 depicts the volume change above and below MHW from 1972 to 
2005. Landward of MHW the profile was stable north of R-82 and south of R-117, 
perhaps in response to the nourishments of Patrick AFB and the South Reach, 
respectively. The dry beach across the rest of the Mid Reach was relatively mildly 
erosional, except in a stable region centered near R-90. The portion of the beach seaward 
of MHW was erosional from the north end of the project to R-102; relatively stable from 
R-102 to R-112. The accretion from R-112 to R-119 is, again, likely due to northward 
diffusion of the South Reach beach fills. 
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Table A-6. Volume Changes (1972-2005) Above and Below MHW (+2.0 ft, NGVD) 
Monument   1972-2005 Volume Change (CY) 

From To Distance(ft) Bluff to MHW  MHW to Closure Entire Profile 

75.4 76 600 -900 -25400 -26300 
76 77 763 6000 -32300 -26300 
77 78 996 6700 -42200 -35500 
78 79 995 500 -49300 -48800 
79 80 1027 2700 -50900 -48200 
80 81 890 -500 -44100 -44600 
81 82 974 -3400 -46400 -49800 
82 83 962 -8900 -45800 -54700 

83 84 999 -16500 -47500 -64000 
84 85 734 -12300 -19300 -31600 
85 86 992 -16300 -26000 -42300 
86 87 871 -10800 -22900 -33700 
87 88 1136 -6400 -17100 -23500 
88 89 886 -1400 -13400 -14800 
89 90 624 -100 -9400 -9500 
90 91 893 3200 -17700 -14500 
91 92 895 3600 -17800 -14200 
92 93 999 -6300 -19800 -26100 

93 94 997 -13400 -36600 -50000 
94 95 769 -7600 -28200 -35800 
95 96 948 -8900 -34800 -43700 
96 97 929 -12300 -46800 -59100 
97 98 1000 -14400 -50400 -64800 
98 99 960 -10700 -48400 -59100 

99 100 994 -15100 -50300 -65400 
100 101 997 -21100 -50500 -71600 
101 102 976 -17400 -49400 -66800 
102 103 997 -9500 -7200 -16700 
103 104 902 -6200 -6500 -12700 
104 105 673 -7200 -4900 -12100 

105 106 1296 -22700 3800 -18900 
106 107 956 -19400 2800 -16600 
107 108 917 -12200 2700 -9500 
108 109 933 -10700 -1400 -12100 

109 110 1159 -19500 -1800 -21300 
110 111 841 -14800 -1300 -16100 
111 112 999 -13600 13000 -600 
112 113 875 -19100 11400 -7700 
113 114 935 -18300 12200 -6100 
114 115 1148 -9800 15500 5700 
115 116 765 -5700 10300 4600 
116 117 940 -3100 12700 9600 
117 118 996 3400 22300 25700 
118 119 941 3200 21100 24300 

 Total Length 41083 ft 1972-2005 Mid Reach Volume Change 
    Bluff to MHW MHW to Closure Entire Profile 
    -367,200 -838,000 -1,205,000 
      Annual (cy/yr) -37,000 
                              Annual Unit (cy/ft/yr) -0.9 
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Figure A-12. Volume Change, 1972-2005, Across the Entire Active Profile (Dune to DOC), Expressed as cy/yr per linear foot of shoreline
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Figure A-13. Beach volume changes, from 1972-2005, above and below MHW. Volumetric changes are expressed in cubic yards per year per linear foot of beach.
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A-57. For the purposes of this report, the mid reach was divided into 6 sub-reaches so 
that shore protection alternatives could be evaluated along shorter sections of the project. 
The volume changes within sub-reaches 1 through 6 are summarized in Table A-7. 
Volumetric data are presented in cubic yards per year per foot of shoreline, which 
removes any bias associated with the different lengths of the sub-reaches and the 
different lengths of time being compared. 
 
Table A-7. Mid Reach volume changes per linear foot of beach, per year. Calculations extend from Dune/Bluff to 
DOC. 

 
    Unit Volumetric Change Bluff to DOC (cy/ft/yr) 
Reach Monuments 1972-2005 1972-1986 1986-1993 1993-2002 2002-2005 
6 R75.4 - R83 -1.4 0.5 -1.9 -3.4 -7.0 
5 R83 - R93 -0.9 1.6 -3.3 -1.8 -7.3 
4 R93 - R99 -1.7 1.1 -6.9 -1.6 -4.7 
3 R99 - R109 -1.2 0.8 -5.9 0.8 -4.8 
2 R109 - R105.5 -0.4 1.7 -2.7 -2.2 -2.4 
1 R105.5 - R119 0.1 3.2 -5.9 0.1 -0.1 
Entire Mid 
Reach 

Average -0.9 1.6 -4.5 -0.7 -4.4 

 
A-58. The Mid Reach was accretional (1.6 cy/ft/yr) from 1972-1986, with double that 
rate of accretion locally, in Reach 1. This locally higher accretion rate could be due to 
diffusion of the 0.5 MCY South Reach fill placed in 1980. The period from 1986-1993 
saw the highest average (-4.5 cy/ft/yr) and high local erosion rates everywhere except 
Reach 6. Between 1993 and 2002, the Mid Reach was slightly erosional on average (-0.7 
cy/ft/yr) with the highest erosion occurring in Reach 1 (-3.4 cy/ft/yr) and slight accretion 
occurring locally in Reach 3 (0.8 cy/ft/yr). Finally, from 2002 to 2005 the area 
experienced a high erosion rate overall (-4.4 cy/ft/yr); the highest erosion occurring in 
Reach 5 (-7.3 cy/ft/yr). The hurricanes of 2004 are the primary reason for the increased 
erosion from 2002-2005. 
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Figure A-14. Volume changes that occurred between beach surveys from dune height to depth of closure; volumetric changes are expressed as cubic yards per year per linear 
foot of shoreline.
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A-59. The time spans between historical surveys in the Mid Reach are too long (3 to 14 
years) to effectively isolate the erosion attributable to individual storms or groups of 
storms from erosion that may be due to longer-term processes such as gradients in 
longshore transport. They do, however, show that there are significant changes in the 
erosion or accretion patterns of the Mid Reach both temporally and spatially. Table A-7 
and Figure A-14 show the relatively high (erosional) volume changes that occurred 
between the 1986/1993 and 2002/2005 surveys. These are in contrast to the 1972/1986 
and 1993/2002 data which show relatively small changes (accretional and erosional, 
respectively) across the Mid Reach. The 1972/2005, volume change is relatively small, 
indicating that accretional forces nearly offset erosional losses over the entire 1972/2005 
time span. These data suggest that the region experiences temporally and spatially 
variable volume losses, due to isolated storm events or abnormally severe storm seasons, 
but that these episodic losses are offset by recovery as the beach regains an equilibrium 
condition. The relatively moderate long-term volume losses in the mid reach suggest that 
there are background erosional forces that are independent of the large storms that impact 
the area. 
 
Impact of Nearshore Rock on Beach Stability 
A-60. There was some discussion in previous literature (USACE 1996 and Olsen 2003) 
regarding the influence of the rock on sediment transport and the potential impacts, both 
positive and negative, that the presence of the rock could have on the stability of the 
region’s beaches. The water/rock/sediment interaction and the associated hydrodynamic 
and sediment transport mechanisms are extremely complex and occur on a wide range of 
spatial and temporal scales. Due to the complexity of these interactions, detailed 
investigation of these phenomena were beyond the scope of this report.  
 
A-61. The nearshore rock outcrops undoubtedly influence sediment transport in the 
region, since they lie in the surf zone—the most energetic region along the beach profile 
and the region where much of the sediment transport occurs. The primary concern for this 
study, however, is whether the rock outcrops somehow fundamentally influence erosion 
and accretion patterns in such a way that they need to be accounted for in the project 
design. Any such relationship between the rock density and sediment transport that 
influenced historical erosion rates should be evident in the historical volume change and 
shoreline position data. That is, if the rock influenced shoreline position or volumetric 
change, then there would be some relationship between the rock density and the beach’s 
behavior in the historical record. 
 
A-62. An important aspect of the project is that there is a significant increase in rock 
density from south toward the north within the project area, which is clearly illustrated in 
Figure A-16. The variability of rock density within the mid reach is illustrated in Figures 
A-15 and A-16. This natural variation of rock with in the study area enables a direct 
comparison to determine whether the beaches long term behavior (stability) are effected 
by the presence or absence of the rock outcrops, since other variables such as sediment 
characteristics, incident wave and wind characteristics, etc are constant throughout the 
region. 
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Figure A-15. Rock Distribution in the Mid Reach. 

 

 
 
Figure A-16. Map of rock-reefs (outlined in yellow) in the Mid Reach; the left panel is typical of the northern 
portion of the project, the right panel is typical of the southern portion. 
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A-63. To ascertain whether the rock influenced historical beach erosion and accretion 
patterns, shoreline and dune position data along with beach volume change data were 
compared with rock exposed surface area for each FDEP monument. The data sets were 
correlated to one another using a standard statistical measure called the Pearson product-
moment correlation coefficient, expressed as ‘r’, which indicates the strength of a linear 
relationship between two variables. The Pearson correlation coefficient is written: 
 

 
 
where and are the sample means of X  and Y , sx  and sy  are the sample standard 
deviations of X  and Y  and the sum is from i = 1 to n. An r value of 0 indicates no linear 
relationship between the two variables; a value of 1 would indicate a strong correlation; a 
value of -1 would indicate a strong inverse correlation. A correlation coefficient was 
computed for four beach variables versus rock density: 1) dune/bluff position change, 2) 
MHWL position change, 3) volume changes, dune—MHWL, and 4) volume changes, 
MHWL—DOC. 
 
A-64. In Figure A-17, the x-axis is the exposed rock acreage at each monument; the y-
axis is the dune and MHW position change from 1972 to 2002. The correlation between 
the rock acreage and MHW and dune position change is listed at the bottom right. The 
period from 2002-2005 was not included in this analysis so that any influence of the 2002 
South Reach fill could be eliminated. In Figure A-18 the x-axis is the exposed rock 
acreage between adjacent monuments; the y-axis is the volume changes above and below 
MHW between those same monuments. The dotted lines represent linear regressions of 
each data set; a strong linear relationship between the independent variable (rock acreage) 
and the dependent variables (shoreline/dune position and beach volume) would have a 
clear upward or downward slope to the regression line and an r-value of 0.50 or greater. 
 
A-65. The r = -0.01 for rock vs. MHW position indicates that the MHW position has 
varied in a manner that is independent of rock density. The r = -0.24 for rock acreage vs. 
dune position indicates that there may be a relationship between dune position and rock 
density, but that is weak, at best.  The r = 0.10 for rock acreage vs. volume change above 
MHW indicates little, if any, correlation between the long term dune and beach face 
volume change and rock density. The r = -0.36 for rock acreage vs. volume change 
seaward of MHW indicates that there may be some mechanisms that increase erosion 
along the submerged portion of the profile in the presence of rock, but that the 
relationship is only weekly correlated. 
 
A-66. Overall, variation of dune/shoreline position and beach volume change over the 
historical record are not well correlated with the density of rock outcrops. The MHW 
position and volume of the beach above MHW both varied entirely independently of the 
rock density; the dune position and volume changes seaward of MHW both have weak 
correlations with rock density, but are not strongly influenced by it. In short, historical 
data do not show that the rock has significant long-term impacts to the stability of the 
beach.
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Figure A-17. Exposed rock acres vs. MHWL and Dune position change, 1972-2002.  
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Figure A-18. Exposed Rock Acres vs. Beach Volume Change, 1972-2002.
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HISTORICAL SHORE PROTECTION MEASURES 
A-67. Erosional forces in Brevard County, both natural and man made, have resulted in 
the construction of various shore protection measures that include hard structures 
(bulkheads/seawalls, revetments, etc), soft structures (beach nourishment), and 
management measures (inlet bypassing). These previous efforts are outlined below. 
 
Existing Shorefront Protective Structures 
A-68. A variety of hard shorefront structures have been constructed in Brevard County. 
These structures consist of small bulkheads, seawalls, and revetments constructed by 
land-owners. All such structures within the Mid Reach were characterized during a field 
inspection and were categorized for use in the Storm Damage Model. Structures in the 
Mid Reach are generally less than approximately 500 feet in length, constructed in front 
of single lots. 
 
Beach Nourishment and Inlet Bypassing 
A-69. North Reach. Table A-8 details sand placement activities in Brevard County since 
1972, during which time 14.4 Mcy have been placed. The majority of the nourishment 
activity in Brevard County prior to initial construction of the North and South Reach, in 
2001, was placed in what is presently the North Reach. This area transitioned from 
accretional to erosional following the opening of Canaveral Inlet in 1951 (Kreibel et al 
2002). Material dredged for construction of the Trident submarine pier in conjunction 
with sand sourced from an offshore borrow site provided 2.9 Mcy of sand in 1974/1975. 
Sand dredged during regular maintenance of the inlet was also placed on the beach or in 
the nearshore (-15 to -20 foot contour). The Canaveral Harbor Federal Sand Bypassing 
Project moved sand from the up-drift beach adjacent to the north jetty to the southern 
beaches in 1995, 1998, 2007, and 2010.  
 
A-70. To date, 8.8 Mcy of sand has been placed on the beach and 0.9 Mcy has been 
placed in the nearshore in the North Reach. Of the total, 3.8 Mcy of the beach fill is from 
the initial (2001) and FCCE (2005) restoration of the North Reach project following the 
2004 hurricane season, and 3.2 Mcy is from four sand bypassing events. The bypass 
project and the regular nourishment of the North Reach have resulted in stabilization of 
the North Reach beaches and the project appears to have fulfilled the project goals of 
restoring balance to the sediment transport regime near the inlet (Olsen 2005). Assuming 
continued bypassing and periodic renourishment of the North Reach, the port’s down-
drift erosion effects should be minimized in the future. 
 
A-71. During the 2004 hurricane season, the area was subjected to two very severe 
hurricanes, Frances and Jeanne. The North Reach project performed as designed. The 
wave heights and storm surge during both storms were severe; however, there were no 
structures damaged by flooding, overtopping of the beach, or undermining. 
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Table A-8. Nearshore and Beach Placements in Brevard County, 1972 to 2008 

 

Year Fill Limits Project Descripition Construction Dates 
Volume 

(CY) 
1972 R-0 R-14 Fed Nav Proj O&M Beach Disposal Mar-72 Sep-72 200,000 

1974-75 R-0 R-14 Fed SPP Beach Restoration Apr-74 Nov-74 1,250,000 
1974-75 R-0 R-14 Trident Pier New Work Beach Disp Apr-74 Nov-74 1,600,000 
1980-81 R-126 R-136 Fed SPP Beach Restoration Oct-80 Jan-81 540,000 

1992 R-28 R-31 Fed Nav Proj O&M Nearshore Disposal Jun-92 Aug-92 158,000 
1993 R-28 R-31 Fed Nav Proj O&M Nearshore Disposal Jul-93 Nov-93 200,000 

1994 R-5 R-11 Local Beach Nour, City/Port Auth Co-
Sponsors Feb-94 Apr-94 100,000 

1994 R-28 R-31 Fed Nav Proj O&M Nearshore Disposal Oct-94 Oct-94 65,590 
1994 R-28 R-31 Fed Nav Proj O&M Nearshore Disposal Oct-94 Nov-94 69,390 

1995 R-0 R-8 Fed Nav Proj Sand Bypass Beach 
Disposal Jan-95 May-95 783,000 

1995 R-28 R-31 Fed Nav Proj O&M Nearshore Disposal Aug-95 Dec-95 322,990 
1980-95 R-53 R-75 Patrick AFB NA 380,000 

1996 R-34 R-38 Local Beach Nour, City/Port Auth Co-
Sponsors Feb-96 Nar-96 40,000 

1998 R-3 R-14 Fed Nav Proj Sand Bypass Beach 
Disposal Apr-98 Jun-98 964,500 

1996-98 R-53 R-75 Patrick AFB NA 250,000 
2000-01 R-03 R-53 Fed SPP North Reach Initial Nour Nov-00 Apr-01 3,138,300 
2000-01 R-53 R-64 Patrick AFB Nourishment main fill Nov-00 Apr-01 515,000 
2000-01 R-64.5 R-70 Patrick AFB Nourishment thin fill Nov-00 Apr-01 83,000 

2002 R-122.5 R-139 Fed SPP South Reach Initial Nour Feb-02 Apr-02 1,179,000 
2003 R-118.3 R-122.5 Fed SPP South Reach Initial Nour Mar-03 Apr-03 281,000 
2003 R-28 R-39 Fed Nav Proj O&M Nearshore Disposal Jul 03 Aug-03 50,000 

2004/05 R-118.3 R-137.5 Fed SPP South Reach FCCE* Fill Mar-05 Apr-05 579,000 
2004/05 R-7.8 R-19 Fed SPP North Reach FCCE* Fill Apr-05 May-05 347,000 
2004/05 R-33 R-54.5 Fed SPP North Reach FCCE* Fill Mar-05 May-05 330,000 

2005 R-75 R-118 Mid Reach Dune Fill  May-05 307,000 
2005 R-54.5 R-75 Patrick AFB Mar-05 May-05 274,000 

2005 R-141.5 R-213 Local/FEMA/FDEP Dune Fill South 
County 

Dec-04 
 Apr-05 253,000 

2006 R-75 R-118 Mid Reach Dune Fill Feb-06 Apr-06 127,000 

2007 R-4 R-10 Canaveral Harbor Bypassing III Nov-07 Dec-07 761,000 

2008 R-75 R-118 Mid Reach Dune Fill Feb-08 Apr-08 96,000 

2008 R-138 R-213 South County Dune Fill Feb-08 Apr-08 31,000 

2010 R-4 R-14 Canaveral Harbor Sand Bypass IV Feb-10 Apr-10 642,000 

2010 R-118.3 R-137.5 Fed SPP South Reach Renourishment Feb-10 Apr-10 630,000 

 
 
A-72. Patrick AFB. The 3.1 miles of beach within Patrick Air Force Base (AFB) lie 
between the North and Mid Reaches. Patrick AFB has been less erosional than the North 
Reach following the construction of Canaveral Harbor, since it is further from the erosive 
effects of the inlet. The beaches within the base have been consistently maintained by the 
Air Force in recent years and have been renourished while dredge equipment was 
mobilized for the 2001 and 2005 North Reach beach fills. 
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A-73. A total of approximately 380,000 cy of sand was placed along Patrick AFB 
between 1980 and 1995 in several separate events. In 2000/2001 83,000 cy were placed 
between R-64.5 and R-70 in a narrow berm, called a ‘thin fill’. In 2005 63,000 cy was 
placed as a dune fill from R-64.5 to R-75.4. The material for both the thin fill and dune 
fill were dredged from the Canaveral Shoals II borrow site, stockpiled onshore, and then 
mechanically transferred southward to the fill site. The beaches within the base from R-
64 to R-75.4 have the same type of nearshore rock outcrops that the Mid Reach has. The 
2000 and 2005 beach fills were designed to have no impact to the nearshore rock.  
 
A-74. South Reach. The beaches of the South Reach have much in common with the 
Mid Reach. Both have been historically mildly erosional but subject to periodic erosion 
of the dune and bluff as a result of storm activity (before construction of the South Reach 
beach fill in 2003). The primary difference is that there is no nearshore rock in the South 
Reach.  
 
A-75. There have been four beach fills place in the South Reach project area: 1) a 
540,000 cy beach placement between R-126 and R-136 in 1980/1981, 2) a 1.46 Mcy fill 
between R-119 and R-139 in 2002/2003, 3) a 579,000 cy restoration between R-119 and 
R-139 in 2005, and 4) a 630,000 cy renourishment of the same project limits in 2010. All 
projects were federally cost-shared. The 2002/2003 fill was the initial construction of the 
Brevard County Shore Protection Project South Reach. The 2005 nourishment was placed 
to repair damage to the project resulting from the 2004 Hurricanes Frances and Jeanne as 
part of the Flood Control and Coastal Emergencies act (FCCE). The 2010 renourishment 
was a standard, periodic replenishment of the project. 
 
A-76. As with the North Reach, the South Reach project performed as designed during 
the severe 2004 hurricane season, with no structures lost due to flooding or undermining, 
although wind damage was extensive throughout the region and a significant amount of 
erosion occurred to the recently constructed beach berm. 
 
A-77. Mid Reach. Due to the presence of the nearshore rock and the attendant concerns 
regarding impact or burial of the reef, the Mid Reach has never received full-scale 
nourishment; however, Brevard County and the State of Florida, in conjunction with 
FEMA, performed emergency dune and beach face restoration in 2005 (307,000 cy), 
2006 (100,000 cy), and 2008 (96,000 cy) in order to maintain some minimum protection 
for structures in the Mid Reach. The dune projects consisted of truck-hauled, beach 
compatible sand from an upland source that was place using land-based equipment 
(trucks, loaders and bulldozers). This material was placed in front of the eroded bluff and 
atop the upper portion of the native berm in response to storm-induced bluff erosion. The 
fill section was designed to replace recently lost material and did not cover the nearshore 
rock outcrops. The dune-only nourishment alternatives analyzed in this report, closely 
resemble the Mid Reach dune projects in both form and function. 
 
A-78. In contrast to the performance of the North and South Reaches, the Mid Reach 
experienced significant flooding and undermining of structures during the 2004 hurricane 
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season due to the narrow beach widths and low berm elevations that exist within the 
project area. 

STORM-INDUCED SHORELINE RESPONSE MODELING 
A-79. Proposed shore protection measures must be subjected to a benefit-cost analysis 
to assess if the project is economically justified. The benefit aspect of such and economic 
analysis can be quantified in terms of reductions in storm damage due to the presence of 
shore protection measures. Benefits include reduction in physical damages to existing 
property and coastal armor and reduction of land loss. Additional benefits accrue due to 
increased recreational usage and potential littoral benefits to down-drift shorelines. 
 
A-80. SBEACH modeling was undertaken for the Brevard County, Florida Shore 
Protection Project Review Study Feasibility Report (completed in 1996). This SBEACH 
modeling was conducted over a region which included the Mid Reach; the Mid Reach 
project area was subsequently removed from that feasibility report owing to the 
additional environmental concerns regarding the nearshore reef-rock. The results of this 
previous cross-shore sediment transport analysis have been utilized for this report. 
 
SBEACH Model Set-Up and Results 
A-81. Cross-shore sediment transport characteristics of Brevard County beaches were 
estimated using the Storm Induced BEAch CHange model (SBEACH) (Larson and 
Kraus, 1989). SBEACH simulates beach profile changes which result from varying storm 
waves and water levels. These beach profile changes include the formation and 
movement of major morphological features such as longshore, bars, troughs, and berms. 
SBEACH is a two-dimensional model that considers only cross-shore sediment transport; 
that is, the model assumes that simulated profile changes are produced only by cross-
shore processes. Longshore wave, current and sediment transport processes are not 
included. SBEACH is an empirically-based numerical model which was formulated using 
both field data and the results of large-scale physical model tests. Input data required by 
SBEACH describes (1) the storm being simulated, and (2) the beach of interest. Basic 
requirements include time histories of wave height, wave period, water elevation, beach 
profile surveys, and median sediment grain size. 
 
A-82. SBEACH calculates the cross-shore variation in wave height and wave- and 
wind-induced setup at discrete points along the profile from the seaward boundary to the 
shoreline. The limit of wave run-up is calculated to define the landward boundary of 
profile change. Profile changes are calculated at each model time step by solving the 
conservation of mass equation. An explicit finite-difference scheme is used for this 
solution. 
 
A-83. In describing the extent of beach erosion, the term recession is often used. 
Throughout this discussion, recession is defined as the horizontal distance from the mean 
high water mark on the pre-storm profile to the most landward point where the vertical 
difference in pre- and post-storm profiles equals 0.5 feet (see Figure A-17). 
 



 

39 

 
Figure A-19. Beach recession definition sketch. 

 
A-84. Basic assumptions underlying SBEACH simulations are that (1) breaking waves 
and variation in water level are the major causes of sand transport and profile change, (2) 
cross-shore sand transport takes place primarily in the surf zone, (3) conservation of mass 
dictates that the amount of material eroded must equal the amount deposited, (4) median 
sediment grain diameter on the profile is reasonably uniform across shore, (5) influence 
of structures blocking longshore transport is small, and the shoreline is straight (i.e., 
longshore effects are negligible), and (6) linear wave theory is applicable everywhere 
along the profile without shallow-water wave approximations. 
 
A-85. SBEACH has significant capabilities that make it useful for quantitative studies of 
beach profile response to storms. It accepts as input a pre-storm beach profile (either 
idealized or surveyed), time series of water level as produced by storm surge and tide, 
time series of wave height and period, median sediment grain size, three transport 
parameters and two characteristic slope parameters. The model allows for variable cross-
shore grid spacing, wave refraction by specifying wave direction, randomization of input 
waves to better represent forcing conditions in the field, and water level setup due to 
input wind parameters. Output data consists of a final calculated profile at the end of the 
simulation, simulated profiles at intermediate time steps, intermediate and maximum 
wave heights, intermediate and maximum total water elevations plus setup, maximum 
water depth, volume change and a record of various coastal processes that may occur at 
any time-step during the simulation (accretion, erosion, over wash, boundary-limited run-
up, and/or inundation). 
 
A-86. Proposed shore protection measures must be subjected to a benefit-cost analysis, 
to assess whether Federal participation in the project is appropriate. Primary benefits are 
typically quantified in terms of the reduction of storm-induced damages to existing 
property and /or structures. In order to quantify those benefits, one must estimate (1) the 
damage potential which exists without the proposed protection measures (i.e. for existing 
conditions), and (2) the damage potential which exists with measures in place. Benefits 
are expressed as the reduction in storm-induced damages resulting from the presence of 
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the shore protection measure. In order to account for risks and uncertainties inherent to 
the analysis procedure, methods were selected to express storm damages in a 
probabilistic manner. In other words, the results were required in the form of recession 
versus frequency of occurrence relationships. The Empirical Simulation Technique (EST) 
was selected as the tool of choice to establish those relationships. 
 
SBEACH Model Analysis and Results 
A-87. The initial step in a frequency of erosion study is to identify storms that have 
impacted the area of interest. For Atlantic coast sites, such as Brevard County, the 
shoreline is subjected to both tropical and extratropical (nor’easter) storms. While 
tropical storms often have higher winds, waves and surge, the longer duration of 
extratropical storms can produce beach erosion of equal or greater magnitude than 
hurricanes. For this application, those data sources were products of the Dredging 
Research Program (DRP) and Wave Information Study (WIS). The DRP data bases 
consist of tropical and extratropical storm surges and tidal constituents. The WIS data 
base contains hindcast wave information, as described in the previous discussion of 
forcing parameters. 
 
A-88. In summary, the procedure for selection of storm events resulted in the 
identification of 20 tropical storms and 22 extratropical storms which have influenced the 
Brevard County beaches. The tropical storm data base encompasses those storms which 
occurred during the 104-year period from 1886 through 1989. The extratropical storm 
database includes 16 years of data, from 1977 through 1993. Estimated frequencies of 
occurrence for tropical and extratropical storms which influence the Brevard County 
beaches are 0.192 and 1.375 storms per year, respectively. 
 
A-89. For each storm simulation, the initial step in the SBEACH modeling procedure was 
transformation of the deepwater wave conditions to the finite water depth corresponding 
to the seaward extent of the beach profile. For this application, profiles extended 
approximately 900 meters offshore where depths ranged from 8 to 10 meters. As 
mentioned previously, a comparative analysis of beach profile surveys indicated that the 
project shoreline could be divided into three reaches. SBEACH simulations of the 88 
extratropical storms and 80 tropical storms were then performed for each reach. 
 
A-90. The next step in the empirical simulation procedure involves preparation of the 
Empirical Simulation Technique (EST) input files. These files contain input vectors, 
response vectors, and frequency of storm occurrence parameters. The values of the input 
parameters reflect the storm intensity. The response vector, in this application, quantifies 
the beach recession resulting from a given storm; and the storm frequency parameters are 
used to dictate the occurrence of extratropical and tropical storms throughout the multi-
year life cycle analysis. 
 
A-91. In the Brevard County application, no distinction was made between extratropical 
and tropical storms in the economic model; therefore, for compatibility with the 
economic model, the two sets of EST results had to be merged to generate a single storm-
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induced recession versus frequency of occurrence relationship. The following algorithm 
was used to accomplish this combination of extratropical and tropical results: 
 

For a given recession value: Tc = (I/T~ + I/T=) 
Where: T, = combined return period corresponding to the chosen recession. 

T, = tropical storm return period corresponding to the chosen recession. 
T, = extratropical storm return period corresponding to the chosen recession. 

 
A-92. A joint-probability analysis was undertaken utilizing the Empirical Simulation 
Technique (EST) to estimate return periods associated with various recession distances. 
This information was subsequently used as input for the storm damage calculations. The 
storm recession curve developed for that effort was adopted for the present General 
Reevaluation Report. The recession versus frequency relationships are presented in Table 
A-9. It is notable that previous SBEACH analysis conducted in the project area 
concluded that the nearshore rock outcrops did not significantly affect SBEACH erosion 
results (Olsen 2003). 
 
Table A-9 Combined storm recession return periods. 

 
Return 
Period 

Beach 
Recession (ft) 

Standard 
Deviation (ft) 

1 24 3 
2 111 3 
5 134 3 
10 148 2 
25 156 2 
50 164 23 
75 184 24 
100 196 24 
150 209 17 
200 214 16 

 

SHORE PROTECTION DESIGN 
A-93. A full suite of shore protection design solutions were considered during the 
project formulation and design phases. No action, hard structures, soft structures, etc 
were considered. The main report details the process by which each of these measures 
was evaluated for the Mid Reach project area. Due to the presence of nearshore rock 
outcrops in the Mid Reach, there is a need for engineering solutions that provide storm 
damage reduction but also avoid and minimize adverse impact to the nearshore rock 
resource. Since the rock outcrops begin at approximately the mean low water (MLW) line 
in a relatively narrow band (>300-feet), any hydraulic nourishment would permanently 
bury or significantly impact all rock outcrops seaward of the fill template. 
 
A-94.  The study team concluded 100% rock impact from hydraulic nourishment due to 
several engineering challenges associated with construction and the proximity of the rock 
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to the shoreline.  The rock occurs in a narrow width of between about 300 and 80 feet 
width – or about 180-ft width on overall average – immediately below (seaward of) the 
mean low water line; see Section 2.3.4).  The smallest-scale, practically constructible 
hydraulic beach fill (i.e., on the order of 30 to 40 cubic yards per alongshore ft) would 
result in direct burial of the majority of the exposed rock and subsequent burial or 
sedimentation of the remainder of the rock after cross-shore equilibration within this 
narrow zone. 
 
A-95.  The ability to predict the degree to which the equilibrated beach fill would impact 
the existing exposed rock through burial and sedimentation was the primary concern, and 
the principal subject of discussion among the environmental agencies. The rock is of very 
low relief (<18" from native sand bottom), so the addition of sediment into the system 
would produce spatial and temporal variations in the amount of rock covered. Due to the 
inability to accurately predict these spatial/temporal rock impacts it was decided to be 
conservative and consider all impacts permanent.  Additionally, through coordination 
meetings during project development, the regulatory agencies made it very clear that 
temporal impacts were considered significant.  That is, temporary net loss of hardbottom 
habitat through sedimentation or burial, including through periodic renourishment, would 
require full mitigation; i.e., with no allowance (discount) for the duration of the impact. 
  
A-96.  Several logical observations/assumptions were made in the course of the analysis, 
1) a beach fill will achieve a native slope from berm to depth of closure, 2) the native 
rock is emergent from the native profile by a maximum of approximately only 18 inches, 
and 3) the native rock generally slopes away from the beach. With such a low relief to the 
rock and the fact that it slope downward, it would take only a small upward vertical shift 
in the sand level to overwhelm the rock. Hydraulic beach fill templates of traditional 
widths (60 feet or more plus the attendant advance fill) would translate the beach profile 
seaward enough (hence raising the elevation of the bed across the entire profile) that they 
would overwhelm all of the low relief rock. 
  
A-97.  For narrower templates, considerations of hydraulic dredging requirements and 
limitations dictated that the study team could not guarantee the protection of the rock 
resources. The primary concern centered around the discharge back into the ocean of the 
water from the dredge pipe. The reef/rock is continuous throughout most of the project. 
This return water would have to flow over the rock in some locations, producing some 
temporary or permanent damage to the reef. The inability to predict the immediate, 
future, and cumulative impacts of this required us to assume that the hydraulic dredging 
would impact all of the rock that was seaward of the hydraulic fill templates.   
 
A-98.  Coordination with the environmental agencies made it clear that impacts to the 
exposed hardbottom habitat – through direct burial or subsequent indirect effect of 
alongshore diffusion and/or cross-shore equilibration – would be considered a project 
impact and would require full mitigation. The concerns about the wide fill templates 
overwhelming the low relief rock along with the concerns about how to quantify 
construction impacts from equipment, pipe, and return-water dictated that all hydraulic 
alternatives would cause 100% impact. 
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A-99.  The environmental regulatory agencies have documented their position that some 
levels of hardbottom impact would be unacceptable, regardless of mitigation.   As 
described in Section 7.1 (page 155-156) of the GRR/SEIS document, Brevard County 
applied for and acquired State and Federal permits for beach and dune renourishment 
along the Mid Reach shoreline during project formulation.  In its original application, 
Brevard County proposed a project consisting partly of conventional beach fill and partly 
of small-scale truck-haul fill, which would result in anticipated impacts to 6.4 acres of 
nearshore hardbottom, and of which the latter impacts were to be mitigated.  In a letter 
dated July 5, 2006 to Brevard County (included within Appendix K, Sub-Appendix K), 
the Corps of Engineers, Regulatory Division stated that the proposed project presented 
unacceptable impacts, and that a federal permit for the project would be denied unless the 
impacts to nearshore hardbottom are eliminated or significantly reduced.  The scope of 
the County’s project application was subsequently modified to reflect beach and dune fill, 
mitigation, and predicted hardbottom impacts (approximately 3 acres) that are very 
similar to those of the Selected Plan in the GRR/SEIS.  That project was permitted by the 
State of Florida in December 2009, and is expected to receive a Department of the Army 
permit in early 2010. As a result of the above concerns, traditional, wide hydraulic fill 
templates were deemed to have too high of an impact on the rock outcrops. 
 
A-100.  Hard structures (seawalls and revetments) were considered during initial plan 
formulation of this study, as well; however a variety of engineering and environmental 
challenges ultimately eliminated all of the hard structures from consideration as detailed 
in the main body of this report. The final suite of alternatives consist of dune and shore 
face fill alternatives of various widths that are to be transported to the project area and 
placed with land-based equipment (trucks and tractors). 
 
A-101. Sand placed on the beach utilizing shore-based equipment would impact only the 
rock that was directly buried under the construction template and that which would be 
covered by the processes of cross-shore and longshore equilibration. Four truck-hauled 
dune and beach face alternatives were analyzed: a dune-only beach fill design; and a dune 
+ beach-face fill design with a variable MHWL advancement of 10-, 20-, or 30-feet.  
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Figure A-20. Mid Reach dune fill, constructed in 2005 

 
A-102. There are two previously-permitted and constructed truck-hauled, dune/beach 
face nourishments in the area; (1) the Patrick AFB ‘Thin Fill’, and (2) the Mid Reach 
dune fill (depicted in Figure A-20). These projects have been monitored for rock impacts 
and the results indicate that it is feasible to construct a dune-only project that does not 
impact the rock outcrops. The dune-only alternatives considered in this section, thus, do 
not require mitigation for rock impacts. The proposed beach-face nourishments would 
place material beyond the MHW line and would directly cover a narrow band of rock 
along the landward limit of the rock outcrops. The quantification of rock impacts that 
would result from these alternatives is covered in detail in a subsequent section of this 
appendix.  
 
Beach Fill Design 
A-103. An analysis of native and previously-nourished beach profiles from Brevard 
County was conducted to aid in the design of the Mid Reach dune and beach face fill 
alternatives. Beach profile surveys of Brevard County from 2004, 2005, and 2008 were 
analyzed using the Coastal Engineering Design and Analysis System (CEDAS) Beach 
Morphology Analysis Package (BMAP). Comparisons of beach profiles were conducted 
for areas with both the Mid Reach project area and within the previously-nourished North 
and South Reaches. In addition, data regarding the performance of the previous North, 
South, and Mid Reach beach nourishments were utilized to aid in the design process. 
 

Dune Fill 
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A-104. Based on analysis of the existing beach profiles, beach face slopes from berm 
height to MLW are variable from approximately 1V:8H to 1V:17H throughout the Mid 
Reach. The average berm height is approximately +10 NGVD in areas that have a healthy 
supply of sand (South and North Reaches). In addition, the nourished beaches of North 
and South Reaches have performed best with a berm height of +10.6 feet; previous 
nourishment projects in the region that were constructed with a lower berm height 
exhibited some ponding atop the berm after construction, which indicated that the berm 
height was too low. 
 
A-105. The project design volume is equivalent to the volume that is required to advance 
the existing beach profile seaward by the design width, d, of the project alternative (10-, 
20-, or 30-feet). Shoreline recession, X, resulting from sea level rise can be estimated 
using Bruun’s Rule, as defined below: 
 

X = -SW*/(h+B) 
 
A-106.  Berm height, h*, for the project area is 10.6 feet; depth of closure, B, is estimated 
to be 17 feet based on beach profile data; the width of the active profile, W*, is 
approximately 1800 feet. The median estimated sea level rise, S, of 0.0125 ft/yr would 
result in a shoreline recession of 0.75 ft/yr; the 1% sea level rise of 0.0275 ft/yr would 
result in a recession 1.65 ft/yr. 
 
A-107.  The vertical limits of the profile translation are from berm height to depth of 
closure. The berm height, B, is taken to be elevation +10.6 (NGVD29); the depth of 
closure, h*, in the project area is taken to be -17 feet; the active height, H, of the beach 
profile is h*+B . The volume of the design beach fill is thus, H * d * length. The volumes 
for each design width in each reach were computed by this method. The volumes for the 
selected plan are shown in Table A-10. 
 
Table A-10. Design fill volumes. 

 
    Project Design Design Fill Design 
  Length Width (ft) Density (cy/ft) Volume (cy) 
Reach 1 9599 10 10.2 98,000 
Reach 2 3406 20 20.4 70,000 
Reach 3 6239 20 20.4 128,000 
Reach 4 5603 10 10.2 57,000 
Reach 5 9029 10 10.2 92,000 
Reach 6 7207 0 0.0 0 

    
445,000 

 
With-Project Erosion Rates 
A-108. Traditional beach nourishment with-project loss rates are quantified by combining 
the historical background erosion rates of the region with the project-induced erosion. 
The dominant project-induced erosion on wide nourished beaches is end-losses that occur 
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due to diffusion of the sand from the ends of the project footprint when a significant, 
localized protrusion in the shoreline is created. This shoreline perturbation produces 
longshore sediment transport gradients that locally increase longshore transport away 
from the project at the ends of the fill footprint. 
 
A-109.  The longshore sediment transport model GENESIS is commonly applied to solve 
for the with-project erosion rate on traditional beach nourishment designs where the 
primary with-project erosion force is the longshore diffusion of sand out of the fill area. 
This diffusion is a result of a wide fill template being placed on a straight shoreline, 
which induces the shoreline to slowly straighten out and move sediment from wide fill 
area to the narrower adjacent beach. In the case of the Mid Reach selected plan, the 
largest beach width transition is 10 feet, and those transitions occur within the project 
limits, between adjacent Reaches not at the ends of the project.  
 
A-110. The Mid Reach project area is bounded on the south by the wide (approximately 
an 80-foot design berm, as measured at the MWH line) South Reach beach fill, which is 
significantly wider than the Mid Reach proposed fill. The transition from the wide south 
reach fill to the narrower Mid Reach fill (10-foot design berm) will prevent any project-
induced longshore diffusion out of the Mid Reach at the south end of the project area. 
The alternative in Reach 6, at the north end of the Mid Reach, is a 0-foot MHW extension 
dune-only template. This very small change in width will induce a very small diffusion of 
sand onto the adjacent beaches. For this reason, measurements of historical native beach 
erosion and the erosion of the existing dune and beach face fill projects in the Mid Reach 
project are utilized for computation of future with-project erosion rates.  
 
A-111. Historical volume changes were presented previously in this appendix. These 
indicate that there are significant changes in the erosion or accretion patterns of the Mid 
Reach both temporally and spatially. Table A-7 and Figure A-14 show the relatively high 
(erosional) volume changes that occurred between the 1986/1993 and 2002/2005 surveys. 
These are in contrast to the 1972/1986 and 1993/2002 data which show relatively small 
changes (accretional and erosional, respectively) across the Mid Reach. The 1972/2005, 
volume change is relatively small at -37,000 cubic yards per year, indicating that 
accretional forces nearly offset erosional losses over the entire 1972/2005 time span.  
 
A-112. Brevard County Commission (the Federal Shore Protection Project local sponsor) 
and FEMA placed dune/beach face fill projects in the Mid Reach in 2005, which were 
subsequently renourished in 2006, and 2008. These projects closely resemble the 
proposed Mid Reach alternatives. Analysis of beach volume changes indicate that the 
project has eroded at a rate of 61,000 cubic yards per year since its construction. These 
losses were observed to come more from the beach face and less from the dune portion of 
the fill (Olsen 2009). 
 
A-113. Discussion. The Mid Reach proposed beach fill alternatives would be subjected to 
negligible longshore diffusion-related losses as discussed previously. The design dune 
and beach face fill would be placed above approximately the -4.0 foot NGVD contour. 
The construction of the fill along only the upper elevations of the active beach profile 
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(which extends out to approximately the -17 foot NGVD contour) would put the system 
in a state of non-equilibrium—the beach would be expected to regain its natural profile 
shape, albeit seaward of its present location by 10-, 20-, or 30-feet. The fill template is 
therefore exposed to cross-shore erosional forces that would transport sand seaward as 
the beach gradually regains its equilibrium shape. Although this eroded dune and beach 
face sand may be transported to a seaward portion of the beach profile that still lies 
within the active sediment transport regime of the beach and still provide some benefits 
to the project, it would no longer be in the dune or beach face design template and would 
effectively represent losses to the project. Through this mechanism, cross-shore 
equilibration would be the primary erosional stress placed on a dune and beach face 
nourishment. 
 
A-114. The rate of cross-shore erosion of the fill is not a predictable process given the 
present state of the art of cross-shore sediment transport numerical models. SBEACH is 
intended to model beach profile changes associated with storm waves and water level 
fluctuations (surge), but does not address the long-term performance of fill templates. 
The long-term average erosion rate of the project area has been -37,000 cubic yards per 
year (1972-2005). This rate has fluctuated fairly widely between individual surveys 
conducted between those dates (see Figure A-10). It is notable that there are no areas with 
significantly higher erosion rates over the long-term which precluded the need for 
numerical wave modeling analysis or evaluation of erosional hot spots. The measured 
erosion rate of the existing project (-61,000 cubic yards per year) provides the best 
indication of project performance and erosion rate of the available measured data. 
Adopting a conservative approach and rounding the measured data up, the with-project 
erosion rate is thus estimated to be -70,000 cubic yards per year. The total advanced 
nourishment amount, given the 3-year interval optimized during plan formulation, gives a 
total advance fill volume of 210,000 cubic yards per year. 
 
Project Design Template 
A-115.  The project selected plan design is defined as an equilibrated advancement of the 
MHW shoreline by 10 feet (Reaches 1, 4, and 5) or 20 feet (Reaches 2, and 3). Reach 6 
consists of a dune feature that is entirely advance fill meant to protect the native dune, but 
not provide any permanent shoreline advancement. The design template slope conforms 
closely to the native slope of the beach. For the purposes of formulating a simplified 
design template, the native beach template is divided into three cross-shore regions: 
upper beach face, lower beach face, and the submerged profile, as shown in Figure A-21.  
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Figure A-21. Project Design Template 

 
A-116.  The upper beach face extends seaward from a berm height of +10.6 NGVD to 
+6.0 feet; the lower beach face extends seaward from +6.0 to the MHW elevation of +2.0 
NGVD; the submerged profile extends from MHW elevation seaward. For the sake of the 
design template, the only the upper and lower beach face slopes are defined, whereas the 
submerged profile is expected to take a shape that is equivalent to the native submerged 
beach, albeit at a position 10 to 20 feet seaward of the native profile. 
 
Table A-11. Project design template upper- and lower beach face slopes 

  

  
Upper 
Beach 

Lower 
Beach 

Reach  Face Slope Face Slope 
1 1V:17H 1V:10H 
2 1V:15H 1V:10H 
3 1V:10H 1V:10H 
4 1V:10H 1V:10H 
5 1V:8H 1V:8H 
6 NA NA 

 
A-117.  The upper and lower beach face slopes are not always equal with the upper being 
less steeply sloped than the lower beach in reaches 1 and 2, as shown in Figure A-21. The 
native beach face slopes generally become steeper toward the north end of the project 
area, thus the design slopes become steeper from South to North (Reach 1 to Reach 5) as 
shown in Table A-11. 
 
A-118.  The project’s design baseline as defined for all economic benefit and damage 
calculations and plan formulation steps, is the mean high water line from the year 2005. 
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MHW in the project area is defined as elevation +2.0 feet NGVD 29. The coordinates of 
the 2005 MHW line are included in Table A-12. 
 
Table A-12. 2005 Mean High Water line position 

 

FDEP 
Monument 

Elevation  Easting Northing 
FDEP 

Monument 

Elevation  Easting Northing 
FT-

NGVD29 FT-NAD27 FT-NAD27 
FT-

NGVD29 FT-NAD27 FT-NAD27 

R- 75 2.0 629,738.9 1,410,442.6 R- 98 2.0 633,897.2 1,389,557.9 

R- 76 2.0 629,883.5 1,409,361.5 R- 99 2.0 634,080.2 1,388,632.8 

R- 77 2.0 629,992.6 1,408,598.6 R- 100 2.0 634,299.3 1,387,645.2 

R- 78 2.0 630,123.9 1,407,616.6 R- 101 2.0 634,550.4 1,386,677.3 

R- 79 2.0 630,264.5 1,406,640.0 R- 102 2.0 634,782.9 1,385,737.8 

R- 80 2.0 630,383.1 1,405,630.5 R- 103 2.0 635,018.8 1,384,758.6 

R- 81 2.0 630,527.9 1,404,746.1 R- 104 2.0 635,228.5 1,383,897.8 

R- 82 2.0 630,708.6 1,403,787.0 R- 105 2.0 635,382.8 1,383,259.2 

R- 83 2.0 630,870.2 1,402,837.7 R- 106 2.0 635,684.8 1,381,987.9 

R- 84 2.0 631,079.2 1,401,913.6 R- 107 2.0 635,921.5 1,381,002.5 

R- 85 2.0 631,217.3 1,401,193.2 R- 108 2.0 636,121.7 1,380,143.7 

R- 86 2.0 631,433.6 1,400,228.5 R- 109 2.0 636,351.0 1,379,238.7 

R- 87 2.0 631,645.3 1,399,388.3 R- 110 2.0 636,629.9 1,378,105.6 

R- 88 2.0 631,906.4 1,398,281.0 R- 111 2.0 636,845.6 1,377,305.6 

R- 89 2.0 632,082.3 1,397,402.9 R- 112 2.0 637,109.4 1,376,336.7 

R- 90 2.0 632,219.4 1,396,793.8 R- 113 2.0 637,332.7 1,375,489.6 

R- 91 2.0 632,424.7 1,395,927.0 R- 114 2.0 637,576.8 1,374,590.6 

R- 92 2.0 632,640.8 1,395,050.8 R- 115 2.0 637,889.3 1,373,488.3 

R- 93 2.0 632,847.0 1,394,080.9 R- 116 2.0 638,103.6 1,372,761.1 

R- 94 2.0 633,070.1 1,393,109.6 R- 117 2.0 638,356.6 1,371,888.4 

R- 95 2.0 633,289.2 1,392,357.6 R- 118 2.0 638,622.4 1,370,936.9 

R- 96 2.0 633,486.8 1,391,440.7 R- 119 2.0 638,961.5 1,370,022.3 

R- 97 2.0 633,674.4 1,390,532.2           

 
Project Construction Template 
A-119. Due to the preponderance of turtle nests within Brevard County, some changes 
have been made to the North and South Reach beach fill templates that are deemed to aid 
turtle nesting success. A slight seaward slope (1V:40H) of the berm aids in turtle nesting 
success and also reduces the chance of the berm scarping (and hindering turtle nesting) 
during storms. A small dune feature has also been incorporated into the North and South 
Reach design, which is intended to trigger nesting turtles to halt their landward migration 
and nest on the beach berm. Similarly, experience in permitting and monitoring the 
previously-constructed Mid Reach dune fill has indicated that a steep upper slope of 
1V:1.5H aids in turtle nesting by keeping the turtles from walking over the dune and 
keeping them atop the beach berm when seeking nesting areas.  
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A-120.  The with-project erosion rate is computed to be approximately 70,000 cubic 
yards per year. To account for the erosion that will occur between renourishment events 
on a 3-year interval, 210,000 cubic yards of material will be placed as advanced fill. 
Advance nourishment of the project will be accomplished by construction of a beach 
template that is wider than the design template and with construction of a dune feature. 
The construction template includes a wider overall berm fill with a steeper seaward slope 
than the design template along with a dune fill element above the berm height, as 
illustrated in Figure A-22. Due to the presence of the dune feature, the construction 
template is referenced from the berm elevation of +10.6 feet NGVD.  
 

 
Figure A-22. Typical project design template and construction template 

 
A-121.  The width of the construction template elements (dune and berm widths) are 
designed to accommodate the full volume of sand that would be required to advance the 
2005 shoreline by 10 feet (Reaches 1,4, and 5) or 20 feet (Reaches 2 and 3) from berm 
height (+10.6 feet) to depth of closure (-17 feet NGVD). This volume is calculated as 
445,000 cubic yards. In addition, the construction template includes 210,000 cubic yards 
of advance fill for a total of 655,000 cubic yards of fill to be placed in the project area at 
initial construction. The project baseline for the construction template is the +10.6 foot 
elevation of the 2005 beach profile at each FDEP monument in Reaches 1-5, which 
corresponds with the natural berm height elevation of the project area. In Reach 6 the 
baseline for construction is the +12.8 foot contour from 2005, which corresponds to the 
position of the existing dune face at that time. Table A-13 includes the location of the 
project baseline at each monument. 
 



 

51 

Table A-13. 2005 elevation +10.6/+12.8 NGVD29 position at FDEP monuments 

 

FDEP 
Monument 

Elevation  Easting Northing 
FDEP 

Monument 

Elevation  Easting Northing 
FT-

NGVD29 FT-NAD27 FT-NAD27 
FT-

NGVD29 FT-NAD27 FT-NAD27 
R- 75 12.8 629,646.5 1,410,442.6 R- 98 10.6 633,814.2 1,389,543.3 
R- 76 12.8 629,787.3 1,409,361.4 R- 99 10.6 634,023.7 1,388,622.8 
R- 77 12.8 629,933.4 1,408,589.6 R- 100 10.6 634,223.9 1,387,632.0 
R- 78 12.8 630,034.3 1,407,616.6 R- 101 10.6 634,450.0 1,386,659.7 
R- 79 12.8 630,159.5 1,406,640.0 R- 102 10.6 634,674.6 1,385,718.8 
R- 80 12.8 630,297.2 1,405,630.5 R- 103 10.6 634,936.4 1,384,744.2 
R- 81 12.8 630,446.0 1,404,746.1 R- 104 10.6 635,125.9 1,383,879.8 
R- 82 12.8 630,605.5 1,403,787.0 R- 105 10.6 635,272.7 1,383,239.9 
R- 83 10.6 630,793.3 1,402,837.7 R- 106 10.6 635,576.3 1,381,968.8 
R- 84 10.6 630,985.2 1,401,897.1 R- 107 10.6 635,808.4 1,380,982.6 
R- 85 10.6 631,144.3 1,401,180.3 R- 108 10.6 636,020.2 1,380,125.8 
R- 86 10.6 631,361.5 1,400,210.7 R- 109 10.6 636,258.1 1,379,222.4 
R- 87 10.6 631,575.3 1,399,369.6 R- 110 10.6 636,527.2 1,378,087.6 
R- 88 10.6 631,835.7 1,398,268.9 R- 111 10.6 636,746.6 1,377,288.2 
R- 89 10.6 632,023.0 1,397,392.5 R- 112 10.6 636,990.1 1,376,315.8 
R- 90 10.6 632,150.0 1,396,781.6 R- 113 10.6 637,216.9 1,375,469.3 
R- 91 10.6 632,350.8 1,395,914.0 R- 114 10.6 637,458.4 1,374,569.8 
R- 92 10.6 632,563.4 1,395,037.2 R- 115 10.6 637,771.7 1,373,467.6 
R- 93 10.6 632,756.1 1,394,064.9 R- 116 10.6 637,962.9 1,372,736.4 
R- 94 10.6 632,972.0 1,393,092.4 R- 117 10.6 638,218.7 1,371,864.2 
R- 95 10.6 633,177.1 1,392,337.9 R- 118 10.6 638,534.6 1,370,921.5 
R- 96 10.6 633,380.0 1,391,421.9 R- 119 10.6 638,784.5 1,370,014.0 
R- 97 10.6 633,584.2 1,390,516.4           

 
 
 
A-122.  Due to local variations in native beach width and dune width, the construction 
template widths vary from one reach to the next as outlined in Table A-14 below. All 
widths referenced to the 2005 baseline elevation +10.6/+12.8 contour positions (Table A-
13). 
 
Table A-14. Construction template dune and berm width 

 
  Dune Fill Berm Fill 
  Width (ft) Width (ft) 
Reach 1 27 75 
Reach 2 43 80 
Reach 3 38 80 
Reach 4 20 55 
Reach 5 23 30 
Reach 6 10 NA 

 
A-123.  The construction template slopes are consistent throughout Reaches 1-5 and are 
illustrated in Figure A-23. The dune portion of this fill template begins at the height of 
the native dune crest seaward on a 1V:1.5H slope to the elevation +12.8, then seaward at 
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a 1V:8H slope to elevation +10.6. The berm then slopes 1V:40H until the design berm 
width (Table A-11), then slopes seaward on a 1V:8H slope until intersection with the 
existing bottom. 
 
 

 
Figure A-23. Construction template for dune and beach face fills in Reaches 1-5. 

 
A-124. The construction template for Reach 6 is shown in Figure A-20. The position of 
this template at each monument location is referenced to the +12.8 foot NGVD29 
elevation. The template extends from the native dune height seaward on a 1V:1.5H slope 
until elevation +12.8, then seaward at a 1V:6H slope until intersection with the existing 
bottom. The width of the template as measured at the +12.8 foot elevation is 10 feet. 
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Figure A-24. Reach 6 dune fill template. 

 

ROCK OUTCROP IMPACTS 
A-125. Numerous shore protection alternatives were investigated for this study, including 
beach replenishment alternatives that could partially or completely cover portions of the 
nearshore rock.  It was therefore necessary to quantify the amount of rock that would be 
impacted by the many different beach nourishment alternatives being evaluated. A 
portion of rock would be directly buried during construction and an additional amount of 
rock would be indirectly impacted due to longshore and cross-shore migration of the fill.  
Impacts through the direct or indirect burial of the rock were quantified for each 
alternative by superimposing each beach nourishment planform ‘footprint’ over the rock 
map and extracting the overlapping region where the fill would cover the rock outcrops. 
The product of this analysis is the acreage of rock impacted by direct or indirect burial. 
 
A-126. A detailed map of exposed rock outcrops was created by Olsen Associates in 
2004 utilizing ARC GIS-based analysis of high resolution aerial photographs. This map 
was used to derive the exposed rock acreage between each monument (Figure A-25).  
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Figure A-25. Aerial photograph of rock outcrops; green outlines indicate a detail of the rock map that was derived 
from the photographs. 

 
A-127. The native beach profile consists of sand from the dune seaward to approximately 
the MLW line where the sandy beach intersects the rock outcrops. The rock outcrops 
extend seaward a variable distance up to a maximum width of approximately 300’ at 
which point the bottom becomes sandy again out to deep water. The vertical relief of the 
rock varies from 0 (flush with the surrounding bottom) to approximately 18-inches above 
grade (see Figure A-26). 
 

 
Figure A-26. Example beach profile, including nearshore rock outcrops that extend seaward from the MLW 
shoreline. 
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A-128. Truck-Haul Rock Impacts.  Dune and beach face fill alternatives would not 
impact all rock that lay seaward of the fill templates, but only a strip that lay between the 
toe of native sandy beach and the with-project toe of fill. The critical design criteria for 
quantifying the impacts to rock by the truck-haul fill is, therefore, the equilibrated toe of 
fill, i.e. the maximum seaward extent that the beach fill will attain during the project life.  
 
A-129.  All coverage of the native reef/rock was computed based on translation of the 
native beach profile seaward to predict the with-project beach face/rock interface. The fill 
material is highly compatible with the native beach, thus the fill should obtain the same 
average profile shape as the existing beach and. The toe of fill and rock impact analyses 
assume that the entire profile will translate seaward relative to the fixed, emergent rock. 
Numerical models such as SBEACH have been suggested for use in calculation of 
equilibrium toe of fill. SBEACH is a storm response model intended for computation of 
short-term post storm beach profile response; it is not appropriate for predicting the toe of 
beach fill or other long-term beach fill behaviors. There are no other numerical models or 
analytical techniques that would be able to more accurately predict the rock impacts due 
to sand burial. Similarly, it is not possible to assign a probability or likelihood of future 
unintended rock burial in the area. 
 
A-130. The berm/upper beach has a native mean grain size of 0.45 mm (1.16φ) and the 
overall native mean grain size from dune to depth of closure is 0.31 mm (1.75φ). The 
Canaveral Shoals II (CSII) borrow area has a mean grain size of 0.39 (1.36φ). The fill 
sand is a close match to the native berm/upper beach sand in both grain size and sorting, 
and is significantly courser than the mean grain size across the entire beach. The 
relatively narrow truck haul fill widths considered for this study (10—40 feet) would 
place this courser CSII fill material in a configuration that would closely mimic the native 
beach above approximately MLW. This compatible fill material should therefore behave 
in a similar fashion to the native beach and attain an equilibrated slope and berm height 
very similar to the native profile. The equilibrated toe of fill can thus be predicted using 
the profile translation method, i.e. the fill template would simply translate the existing 
profile above the rock layer seaward without appreciably changing its shape (see Figure 
A-27, below). 
 
A-131.  Based on the assumption of translating the native profile seaward, the relatively 
flat, tabular nature of the rock outcroppings means that a 20-foot equilibrated beach width 
change would cover approximately a 20’ strip of nearshore rock. This is depicted in 
Figure A-27. This assumption is significantly conservative given that the courser 0.39mm 
fill material is predicted to equilibrate to a slope that is steeper than the native beach. 
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Figure A-27. Example beach profile with truck-hauled beach fill rock impact. 

 

 
Figure A-28. Rock outcrop impacts due to beach fill.  

 
A-132. In order to quantify the total rock covered by each alternative, first, the natural 
intersection line between the sand and rock was delineated on the rock map. This line was 
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then translated seaward by a distance equivalent to the equilibrated beach fill width. All 
rock that fell between the present and post-fill beach-rock intersection was considered to 
be impacted by the project and would require mitigation.  
 
A-133. Figure A-28 illustrates the technique utilized for quantifying the rock impacts as 
described above. The blue solid line on the left represents the natural intersection 
between sand and rock, the red dotted line on the right indicates the post-fill sand-rock 
intersection, or toe of fill. The hatched region in between represents the impacted rock 
outcrops. 
 
A-134. Each of the dune + beach-face fill alternatives includes a design fill and an 
advanced fill as outlined in the Project Design section of this appendix. Table A-15 
summarized the rock impacts, for both the design and advanced fill that would result 
from construction of the NED and Locally Preferred plans. The project is designed such 
that the design fill will remain intact at all times, while the advance fill would be eroded 
partially or completely between periodic renourishments. This gradual advance fill 
erosion would re-expose some of the impacted rock beginning immediately after 
construction. It has been noted elsewhere in this report that it is difficult to very 
accurately predict the with- and without-project water/sediment/rock interactions in the 
nearshore due to the complexity and natural variability of the system. In order to 
determine a conservative estimate of total rock impacts, there has been no attempt to 
differentiate the temporary impacts of the advance fill from the permanent impacts 
associated with the design fill. These estimates of rock impact due to construction of 
these alternatives should be viewed as a conservative (high) estimate of the with-project 
rock impacts. 
 
A-135.  The GRR includes reef/rock monitoring as a requirement and such monitoring 
will additionally be required for State of Florida Water Quality Permits. Spot checks of 
rock burial/exposure are called for in the monitoring plan. However comprehensive 
mapping of rock exposure across the entire project area is extremely difficult due to wave 
and water quality issues that limit the collection of the required high-resolution aerials 
that are used to develop rock 'maps'. The proper conditions occur infrequently, so 
monthly or even quarterly comprehensive mapping is not practicable. 
  
A-136.  The existing, locally constructed project has been monitoring rock coverage since 
initial construction. A similar monitoring program will be implemented following 
construction of the Mid Reach project [as described in Appendix K, Sub-Appendix J]. 
Future monitoring will allow for adaptive management of the project should there be 
additional rock impacts. Given the background erosional forces present in the study area, 
any unintended rock impacts would be temporary and could be mitigated by allowing the 
impacted segment to erode until re-exposed. 
 
A-137.  The project’s mitigation ratio that would require construction of 1.6 acres of 
compensatory reef per each 1.0 acre of impacted hardbottom includes a risk and 
uncertainty allowance of up to 50% (see Appendix K, Sub-Appendix G, page 35 and 
Sub-Appendix H, page 4).     
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Table A-15. Rock impacts by reach for the NED and locally preferred plans. 

 
  Reach Limits NED Plan 

  FDEP Monuments Length (ft) 

Design Fill Design Template Advance Template Rock 
Template Rock Impact (acres) Rock Impact (acres) Impact* 

(acres) 
Reach 1 R119 - R109 9,599 10' 0.2 0.2 0.3 
Reach 2 R109 - R105.5 3,406 20' 0.4 0.2 0.5 
Reach 3 R105.5 - R99 6,239 30' 0.8 0.3 1.1 
Reach 4 R99 - R93 5,603 dune 0.1 0.1 0.2 
Reach 5 R93 - R83 9,029 10' 0.3 0.6 0.9 
Reach 6 R83 - R75.4 7,207 dune 0.0 0.0 0.1 

     1.8 1.2 3.0 
        
  Reach Limits Locally Preferred Plan 

  FDEP Monuments Length (ft) 

Design Fill Design Template Advance Template Rock 
Template Rock Impact (acres) Rock Impact (acres) Impact* 

(acres) 
Reach 1 R119 - R109 9,599 10' 0.2 0.2 0.3 
Reach 2 R109 - R105.5 3,406 20' 0.3 0.1 0.4 
Reach 3 R105.5 - R99 6,239 20' 0.5 0.3 0.8 
Reach 4 R99 - R93 5,603 10' 0.3 0.2 0.5 
Reach 5 R93 - R83 9,029 10' 0.3 0.6 0.9 
Reach 6 R83 - R75.4 7,207 dune 0.0 0.0 0.1 

     1.6 1.4 3.0 
* The total predicted impact represents the maximum (seaward extent) of the anticipated toe of beach fill after cross-shore equilibration and 
alongshore diffusion. For this reason, and likewise due to rounding, the numeric sum of impacts from the design and advance templates 
are in some cases different from the numeric value of the anticipated total impacts. 
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SEABED MITIGATION 
A-138. Both the NED and Locally Preferred plans would impact 3.0 acres of the 31.3 
acres of rock in the Mid Reach. It will be necessary to construct mitigation reefs to 
replace the function of these impacted regions of the nearshore rock. Numerous reef 
designs were considered for this study with the dual goals of finding a structure that 
would replicate the natural reef as closely as practicable and one that would be 
constructible and stable in the energetic nearshore environment. This section details the 
engineering challenges of constructing a reef in the project area and the chosen design for 
the Mid Reach mitigation structures. 
 
Nearshore Reef Engineering Challenges 
A-139. The Mid Reach’s native reef is located within a strip of the beach that extends 
approximately 300 feet seaward from the MLW line. Nearshore reef installations from 
many other locations inside and outside of Florida were evaluated for their suitability in 
the Mid Reach. This included structures in Palm Beach, Indian River, Broward, and St 
Lucie counties as well as installations in the Bahamas and elsewhere. These other reefs 
included a range of structures from simple limestone boulder structures to more elaborate 
rock-filled marine mattresses, monolithic concrete slabs and reef balls. To the best of the 
study teams knowledge, there are no man-made reef structures that are located at the 
MLW shoreline, on an unprotected, open coast that is subject to the strong tropical and 
subtropical weather that the project beach is subjected to. 
 
A-140. The structural failure modes that could occur in the nearshore environment 
include instability (movement of the structure due to wave forces), material failures 
(breakage of individual reef units), and subsidence (vertical settling and/or burial). 
Structural stability could potentially be accomplished through either sufficient mass or 
rigidity to resist vertical and horizontal forces or through anchoring of the structure to the 
seabed through mechanical means. There are considerable challenges associated with 
constructing a massive concrete structure and placing it in the surfzone; there are also 
many uncertainties regarding the durability of a ‘lighter’ structure that would be anchored 
to the bottom. Additionally, either type of structure would still be subject to subsidence 
and burial due to wave-induced longshore and cross-shore currents. Based on subsurface 
investigations by the local sponsor, locations that are potential sites for mitigation reefs 
(i.e. locations without native reefs) do not generally have a subsurface rock layer that 
would serve as a foundation for a mitigation reef and prevent subsidence of a structure. 
As a result of these forces in the very-near shore zone, a low-relief structure in a similar 
location to the native reef would be prohibitively difficult and expensive to construct and 
would encounter very strong hydrodynamic forces that could cause any or all of these 
failure modes. 
 
A-141. An additional challenge to the siting of mitigation reef structures near the MLW 
shoreline would be its impact on recreation in the Mid Reach. Mitigation reefs would 
need to be located away from the native reef structures (in order to avoid damaging 
them), and thus would be constructed within segments of beach that do not presently 
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have rock.  The presence of these structures would pose a hazard to beach goers who 
enter the water and would almost certainly result in strong local resistance to the project. 
 
A-142. Based on the technical concerns for structural stability and constructability, along 
with the recreational impacts outlined above it was determined that construction of a 
mitigation reef along the MLW shoreline of the Mid Reach would not fulfill the project 
goals and would be infeasible to construct. 
 
Mitigation Reef Design 
A-143. A nearshore reef is proposed which consists of a concrete articulated mattress that 
a series of interlocking, cable-connected slabs (see Figure A-29). The slabs are cast with 
limestone cobbles embedded in the exposed surfaces to better replicate the natural rock’s 
surface. The structure would mimic the natural reef’s relief, texture and function; 
however, it is located seaward of the native rock. The proposed nearshore reef mitigation 
area is located between FDEP monuments R-80 and R-118 in nominally 14-16 feet water 
depth (MLW). 
 

 
 
Figure A-29. Concrete Articulated Mattress. 

 
A-144. Consultation with marine contractors by both the local sponsor and SAJ staff 
indicates that the ocean-based equipment (barges) that would be used for construction of 
the reef cannot safely go into water shallower than approximately 14-feet MLW due to 
the hazards presented by the native reef and the relatively energetic wave conditions that 
prevail in the Mid Reach. Siting of the reef seaward of the surfzone greatly reduces the 
wave-induced forces on the structure—eliminating the need for anchoring it to the 
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bottom. Additionally, currents near the structure will be much lower outside of the 
surfzone, reducing the chance of scour, settlement, and burial of the mitigation reef. 
 
A-145. The mattresses consist of 18 individual 2.4-foot square slabs, arranged in a 3-by-6 
pattern connected to one another by cables. Each reef will be a matrix of 44 mattresses 
with a footprint of approximately 60 x 115 feet; the surface area of each reef will be 0.15 
acres (Figure A-29). Three of the 45 mattresses will be placed atop the reef along the 
landward edge to make an overhanging ledge, as shown in Figure A-30, to emulate the 
physical relief of crevices and ledges within the existing reef. 
 
A-146. The Mid Reach project design will impact 3.0 acres of native reef, which must be 
mitigated at a ratio of 1.6:1. The total required mitigation reef surface area is thus: 
 

3.0 acres x 1.6 = 4.8 acres / 0.15 acres per reef = 32 mitigation reefs 
 
The mitigation sites will consist of 3—5 reefs arranged in a longshore-oriented linear 
pattern as shown in Figure A-31. 
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Figure A-29. Mitigation reef detail (courtesy of Olsen Associates, Inc) 
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Figure A-30. Mitigation reef, including detail of additional edge layer that is to be laid atop the shoreward edge of 
the reef. 
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Figure A-31. Mitigation site layout (courtesy of Olsen Associates, Inc) 
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Project Benefits. 
 
A-147. The Brevard County Mid Reach project area experienced an average erosion rate 
of -110,500 cy/yr from 1986—2005; this equates to -2.7 CY per foot, per year of erosion. 
During this same period the bluff/dune line (measured at +13.0 feet NGVD) receded at an 
average rate of -0.8 ft/yr and the MHW shoreline (+1.9 ft NGVD) receded -0.3 ft/yr. 
Based on the relatively mild long-term shoreline change rates, it is expected that regular 
re-nourishment of the dune/beach face would alleviate the long-term MHW line recession 
and result in a stable beach with no long-term MHW line recession. 
 
A-148. In the case of a dune feature which is perched on top of the beach berm, in front 
of the existing dune/bluff, there is no MHW line advancement. This material would be 
redistributed only once storm surge and wave heights were sufficient to overtop the berm 
height. This redistribution of the dune fill would coincide with storm-induced MHW 
recession; thus, the MHW line is not advanced by the dune fill option. This alternative 
provides benefits over the 50-year project life by alleviating long-term MHWL recession, 
which is taken into account in the storm damage economic model. The beach face fill 
alternatives provide the same relief from long-term recession of the MHWL as the dune 
alternative along with some additional benefits from the extension of the MHWL. 
 
A-149. It is important to note that the long-term MHW recession rate is not equivalent to 
the storm-induced erosion. In fact the storm recession rates would remain the same. 
Beach response to storm energy is typically a movement of sand seaward along the active 
profile. This movement causes the shoreline and dune positions to recede dramatically in 
very short time scales. Property damage occurs when this recession reaches oceanfront 
development or infrastructure. Once the storm energy subsides the beach will typically 
recover over a period of weeks or months, but the amount of recovery is not predictable. 
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A. COST ESTIMATES 

A.1 GENERAL INFORMATION 

Corps of Engineers cost estimates for planning purposes are prepared in accordance with the 
following guidance: 
 Engineer Technical Letter (ETL) 1110-2-573, Construction Cost Estimating Guide 

for Civil Works, 30 September 2008 
 Engineer Regulation (ER) 1110-1-1300, Cost Engineering Policy and General 

Requirements, 26 March 1993 
 ER 1110-2-1302, Civil Works Cost Engineering, 15 September 2008 
 ER 1110-2-1150, Engineering and Design For Civil Works Projects, 31 August 1999 
 ER 1105-2-100, Planning Guidance Notebook, 22 April 2000, as amended 
 Engineer Manual (EM) 1110-2-1304 (Tables revised 30 March 2007), Civil Works 

Construction Cost Index System, 31 March 2000  
 CECW-CP Memorandum For Distribution, Subject: Initiatives To Improve The 

Accuracy Of  Total Project Costs In Civil Works Feasibility Studies Requiring 
Congressional Authorization, 19 Sep 2007 

 CECW-CE Memorandum For Distribution, Subject: Application of Cost Risk 
Analysis Methods To Develop Contingencies For Civil Works Total Project Costs, 3 
Jul 2007 

 Cost and Schedule Risk Analysis Process, March 2008 
 
The goals of the cost estimating for the Brevard County, Mid-Reach Shore Protection Project 
study are to present a Total Project Cost (construction and non-construction costs) for the 
recommended plans at the current price level to be used for project justification/authorization 
and to project costs forward in time for budgeting purposes. In addition, the costing efforts 
are intended to produce a final product (cost estimate) that is reliable and accurate and that 
supports the definition of the Government’s and the non-Federal sponsor’s obligations. The 
cost estimating effort for the study also yielded a series of alternative plan formulation cost 
estimates for decision making. The final set of plan formulation cost estimates used for plan 
selection rely on construction feature unit pricing and are prepared in Civil Works 
Breakdown Structure (CWBS) format to the sub-feature level.  The cost estimate supporting 
the National Economic Development (NED) plan (Recommended Plan/Locally Preferred 
Alternative Plan) is prepared in MCACES/MII format to the CWBS sub-feature level.  This 
estimate is supported by the preferred labor, equipment, materials and crew/production 
breakdown.  A fully funded (escalated for inflation through project completion) cost 
estimate, the Baseline Cost Estimate or Total Project Cost Summary, has also been 
developed.  A risk analysis was prepared that addresses uncertainties in and sets 
contingencies for the Recommended Alternative Plans cost items.  A discussion of the risk 
analysis is included at the end of this appendix.   
 
A.1.1 Recommended Alternative Plans 

The final Recommended Plan (NED and Locally Preferred Alternative) were chosen by the 
Project Delivery Team according to Cost Effectiveness/Incremental Cost Analysis 
procedures and resulted directly from the plan formulation described above.  The Economics 
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Appendix fully describes the plan selection.  The scope of work for the Recommended 
Alternative Plans is found in Appendix A, Engineering.  The MCACES/MII cost estimate for 
the Recommended Alternative Plans (Section B.3, below) is based on that scope and is 
formatted in the CWBS.  The notes provided in the body of the estimate detail the estimate 
parameters and assumptions. These include pricing at the Fiscal Year 2009 price level (1 
October 2008-30 September 2009).  For project justification purposes the estimate cost are 
categorized under the appropriate CWBS code and include both construction and non-
construction costs.   
 
The construction costs fall under the following feature codes: 
 17 Beach Replenishment 

 
The non-construction costs fall under the following feature codes: 
 01 Lands and Damages 
 30 Planning, Engineering and Design 
 31 Construction Management 
 99 Project Monitoring 

 
A.1.2 Construction Cost 

The MCACES/MII estimate on the final Recommended Plan contains contingencies as noted 
in the estimate (below).  These contingencies were determined as a result of the risk analysis.  
Additional information follows on the risk analysis.  Major risk factors are shown in the 
sensitivity analyses. 
 
A.1.3 Non-construction Cost 

 Non-construction costs include Real Estate, Planning, Engineering and Design (PED), and 
Construction Management (Supervision and Administration, S&A). Real Estate costs were 
provided by Real Estate Division.  These costs are best described in the Real Estate 
Appendix, Appendix D.  They include lands costs and administrative costs and are 
distinguished as non-Federal sponsor costs or government costs.  Contingencies for the Real 
Estate costs were also determined during risk analysis based on direct input from the Real 
Estate PDT representative. The Real Estate risk analysis is further described below. 
Planning, Engineering and Design costs are broken down into Preconstruction, Engineering 
and Design (PED), or preparation of contract plans and specifications; Engineering During 
Construction (EDC); and the Project Implementation Report (PIR).  PED costs were solicited 
from Engineering Division via the Project Manager, as suggested by the guidance.  Ten 
percent of the total construction cost is used as the total rate for engineering costs through 
construction, as is customary in Jacksonville District’s Cost Branch.  The cost for the PIR 
was provided to Cost Branch via the Project Manager and represents funds spent to date plus 
funds expected to be spent through report completion. 
 
Construction Management costs was solicited from Construction-Operations Division via the 
Project Manager, again as suggested by the guidance.  Eight and one-half  percent is used as 
the rate for Construction Management costs for the cost estimate for the Recommended Plan.  
This percentage is based on actual funds spent for construction management on past 
contracts.  When this percentage is calculated by Construction-Operations Division for 



 

3 
 

planning projects it is itemized to show amounts allocated for each task anticipated to occur 
during construction. Only the gross percentage is shown herein. 
 
The main report details both cost allocation and cost apportionment for the Federal 
government and the non-Federal sponsor.  Also included in the main report are the non-
Federal sponsor’s obligations (items of local cooperation). 
 
A.1.4 Plan Formulation Cost Estimates 

For the plan formulation cost estimates, unit prices for each major or variable construction 
element were developed in MCACES/MII.  These unit prices were entered into spreadsheets 
that differentiated each plan by the quantities required to construct the plans. Designs and 
quantities for the construction elements were provided to Cost Branch by the Engineering 
Technical Lead (see the Engineering Appendix for construction methods, design assumptions 
and design data).  Preconstruction, Engineering and Design costs and Construction 
Management costs were calculated using percentages at this level of estimating. 
 
The plan formulation process for this study involved numerous iterations.  Since the costs for 
the plans were calculated via spreadsheet software it was fairly simple to adjust them as time 
went by (for example, as unit prices increased due to changes in price level), as plan 
components changed and as plans were added or removed from consideration.   Refer to the 
Economics Section in the Main Report for the final Plan Formulation cost tables. 
 
A.1.5 Construction Schedule 

A construction schedule was prepared by the Engineering PDT in conjunction with the 
Planning Technical Lead and the construction-operations team member that reflected all 
project construction components.  The schedule considered not only durations of individual 
components but also timing of construction contracts. It is based on multiple crews with shift 
work and overtime due to the environmental windows for beach nesting sea turtles.  This 
schedule was coupled with the project schedule in preparation for the generation of the Total 
Project Cost Summary as well as for the completion of the risk analysis.  The construction 
schedule will change as design of the project proceeds in the plans and specifications phase 
and then it will change again when the contract is awarded and the contractor provides his 
schedule, which may be based on multiple crews with shift work and overtime. Both the 
construction schedule and the project schedule are provided below. The official schedule is 
the project schedule and it is given precedence herein wherever a conflict appears between 
these two schedules. 
 
A.1.6 Total Project Cost Summary 

The Total Project Cost Summary includes escalation through project completion.  The cost 
estimate for the Recommended Plan is prepared with an identified price level date.  Inflation 
factors are used to adjust the pricing to the project schedule.  This estimate is known as the 
Fully Funded Cost Estimate or Total Project Cost Summary.  It includes all Federal and non-
Federal costs:  Lands, Easements, Rights of Way and Relocations; construction features; 
Preconstruction Engineering and Design; Construction Management; Contingency; and 
Inflation. 



 

   Estimated by CESAJ-EN-C    
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A.2 PLAN FORMULATION COST ESTIMATES 

Refer to the Economics Section in the Main Report. 
 
 
A.3 MCACES COST ESTIMATE NED 
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Library Properties   
Designed by  Design Document Revised GRR Engineering Appendix

 CESAJ-EN-WC  Document Date 3/19/2010

Estimated by  District Jacksonville

 CESAJ-EN-C  Contact Jason Engle, 904-232-2230

Prepared by  Budget Year 2010

 B. Blake  UOM System English

  
Direct Costs  Timeline/Currency
LaborCost  Preparation Date 4/20/2010
EQCost  Escalation Date 10/1/2009
MatlCost  Eff. Pricing Date 3/27/2010
SubBidCost  Estimated Duration 0 Day(s)
OTHER  
Tipping Fees  Currency US dollars

Exchange Rate 1.000000

  
Costbook CB08EB: MII English Cost Book 2008

  
Labor LFL2009: LABOR_FLORDIA_2009 

Labor Rates  
LaborCost1  
LaborCost2  
LaborCost3  
LaborCost4  
  

Equipment EP07R03: MII Equipment Region 3r 2007
  

03 SOUTHEAST Fuel Shipping Rates
Sales Tax 7.40  Electricity 0.090 Over 0 CWT 10.26

Working Hours per Year 1,530  Gas 2.750 Over 240 CWT 9.59
Labor Adjustment Factor 0.83  Diesel Off-Road 2.350 Over 300 CWT 8.41

Cost of Money 3.25  Diesel On-Road 2.850 Over 400 CWT 7.64
Cost of Money Discount 25.00  Over 500 CWT 4.49

Tire Recap Cost Factor 1.50  Over 700 CWT 4.36
Tire Recap Wear Factor 1.80  Over 800 CWT 4.99

Tire Repair Factor 0.15  
Equipment Cost Factor 1.00  

Standby Depreciation Factor 0.50  
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Project Notes   
8/12/2008   CESAJ-EN-C   PLANNING ESTIMATE FOR FINAL GRR NED PLAN (NO. 19) 

 
Reference CESAJ-EN-WC email dated 8 August 2008 providing the final engineering scope of work for the Final NED Recommended Plan and the Locally Preferred Plan. 
 
FINAL NED AND LPP SCOPE OF WORK (As Per CESAJ-EN-DW): 
 
BREVARD COUNTY, FLORIDA SHORE PROTECTION PROJECT 
MID REACH GRR 
REVISED TRUCK-HAULED DUNE AND BEACH-FACE FILL ALTERNATIVE COST ESTIMATE 
 
1. PROJECT DESCRIPTION: Brevard County SPP Mid Reach is 7.6 miles in length and is bounded by Patrick Air Force Base to the north and the previously-constructed South 
Reach fill area to the south. The Mid Reach is divided into sub-reaches (1-6) that extend from south to north within the project area (see attached map, Figure 1.). 
 
The borrow site for the truck-hauled dune and beach face fill alternatives is Canaveral Shoals II (CSII), which is located approximately 20 miles north-northeast of the Mid Reach 
and 9.4 miles east of the Poseidon stockpile site. This borrow site has been used previously for construction and renourishment of the North and South Reaches. Any hydraulic 
fill will also come from the CSII borrow site and placed in conjunction with South Reach renourishment (6-year intervals). 
 
The sand will be dredged from CSII and transported to the Poseidon DMMA that is directly west of the Trident submarine basin at Port Canaveral (see project map, Figure 1). 
Sand will be dredged utilizing hopper dredges with direct pump-out at the stockpile site. Sand will be dewatered at the Poseidon site and then transported to the Mid Reach 
Project via dump truck and placed and shaped on the beach utilizing tractors. Initial use of the Poseidon site will require clearing, grubbing and dike repair work as outlined in 
section 2. 
 
2. POSEIDON STOCKPILE SITE: The Poseidon DMMA is directly adjacent to the Trident Submarine Basin on the west side. The interior of the site will require 15 acres of 
heavy clearing, 20 acres of light clearing, and two dike repairs of 6000 cy and 8500 cy, respectively. The dikes surrounding the placement area will require approximately 10 
acres of light clearing and approximately 1-foot of material added (30,000 cy total) to dress and restore the dike surface. Material that is presently within the stockpile site should 
be suitable for repairing the dikes and dressing the surface. In addition to the rehabilitation and preparation of the site, a road ramp will be constructed at the southwest corner for 
truck access over the dike. The site will have a capacity of approximately 800,000 cy if filled to +28’ NGVD within the southern portion of the site (see Figure 3 Poseidon site 
map). The Poseidon site’s perimeter dikes are approximately 32’ above grade at the present time. 
 
It is anticipated that the stockpile site would be replenished when hydraulic dredges were mobilized for the north and south reach hydraulic beach fill renourishments 
(approximately every 6-years); thus mob/demob of the primary equipment would be accounted-for in the cost of those other operations and not born by the present stockpile 
project. Any additional equipment required to offload the barges at the Poseidon site (booster pumps, etc) would need to be included in this cost estimate. 
 
3. DUNE AND BEACH FACE FILL VOLUMES: Tables 1 and 2 summarize the quantities for the two shore protection alternatives for which costs are needed—these are the 
NED Plan and the Locally Preferred Plan. The limits and lengths of each reach are included along with the haul distance (via existing roads) from the mid-point of each reach to 
the Poseidon stockpile site. The project alternatives consist of dune or dune plus beach face fill of widths varying from 10 to 30 feet. 
 
The dune-only template is constructed completely atop the existing beach berm and does not alter the MHW line; the dune + beach face template extends the mean high water 
(MHW) line a variable distance between 10 and 30 feet (plus 10’ for advance fill). The beach face fills will impact the nearshore rock, which will require mitigation. Mitigation 
will be constructed as outlined in a separate mitigation reef cost estimate scope of work. 
 
Figure 1. Brevard County, Florida SPP Mid Reach vicinity map (Refer to the Engineering Appendix in the Report). 

   
8/28/2008   CESAJ-EN-C   SCOPE OF WORK: 
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BREVARD COUNTY, FLORIDA SHORE PROTECTION PROJECT 
MID REACH GRR 
MITIGATION REEF COST ESTIMATES 
 
PROJECT DESCRIPTION: Brevard County SPP Mid Reach is 7.6 miles in length and is bounded by Patrick Air Force Base to the north and the previously-constructed South 
Reach fill area to the south (see attached map, Figure 1.). 
 
Any potential impacts to the nearshore rock that might occur due to shore protection alternatives such as beach nourishment would require mitigation. A nearshore reef is 
proposed which consists of a concrete articulated mattress that a series of interlocking, cable-connected slabs. The slabs are cast with limestone cobbles embedded in the exposed 
surfaces to better replicate the natural rock’s surface (prototype depicted in Figure 2). Each reef structure would consist of approximately 45 mattress units. The structure would 
mimic the natural reef’s relief and texture; however, it would be located seaward of the native rock, in nominally 14-16 feet water depth (MLW). The proposed nearshore reef 
mitigation area is located between FDEP monuments R-80 and R-118, the center of which is 17 nautical miles south of Canaveral Inlet. 
 
MITIGATION REEF DESIGN 
 
The reef mattresses would consist of 18 individual 2.4-foot square slabs, arranged in a 3-by-6 pattern connected to one another by cables. The dimensions of each mattress would 
be approximately 8’x16’x12”. 340 mattresses would be required for each acre of mitigation. 
 
The reef would be constructed with sea-based equipment (barge and crane). The rock would need to be placed with a crane as opposed to pushing the material off the barge to 
prevent damage to the marine mattresses. Quantities required for various-sized reefs are outlined in Table1. 
 
The amount of native rock that will be impacted is 3 acres. The mitigation ratio for the project will be 1.6:1; therefore, 4.8 acres of reef will be required for the project. A total of 
1632 mattresses will be required for the reef. 
 
COST ESTIMATING QUANTITIES 
 
Olsen Associates Inc. has provided preliminary cost estimates for production and installation of the reef units based on research that was conducted for Brevard County’s Joint 
Coastal Permit to construct a similar mitigation reef. Those costs are summarized as follows (per acre): 
 
Refer to the Engineering Appendix for cost referenced information that was incorporated directly into the MII cost estimate for the final NED/LPP plans. 
 
Mold operations could be initiated before construction and would not be effected by adverse wave conditions, thus, the molds costs and mold mobilization would be required only 
on the first acre. 
  
Productivity is estimated to be 70 mattresses and 5 days installation time per barge load. 340 mattresses (1 acre) would require 5 barge-loads and 25 working days. Construction 
would be practical only when seas are less than 3 feet and ideally less than 2 feet. The period from June through August is the calmest time in the project area; when 
approximately 33% of the days would be satisfactory for construction. With 25 working days and 50 weather days, the 75 day construction would consume the entire June to 
August window. Thus additional equipment (barges, tugs, etc) would be required to construct each acre within the same construction ‘season’. 

   
8/28/2008   CESAJ-EN-C   Estimate Assumptions: 

 
1. Dredging and stockpiling of sand at the Poseidon DMMA site at Port Canaveral will be accomplished using medium to large hopper dredges under a separate beach 
renourishment contract.  The stockpiling will occur prior to the actual construction of this project which will  consist of truck hauling the stockpiled sand from the DMMA 
stockpile to the Mid-Reach beach fill areas. 



Print Date Thu 22 April 2010  U.S. Army Corps of Engineers Time 07:56:08 
Eff. Date 3/27/2010  Project BBF102: BREVARD COUNTY SHORE PROTECTION PROJECT - MID REACH 

SEGMENT
   

     Project Notes  Page iv 

         
Date Author  Note  

         

         
Labor ID: LFL2009  EQ ID: EP07R03  Currency in US dollars TRACES MII Version 3.01

 
2. The hopper dredging costs were computed using Cost Engineering Dredge Estimating Program (CEDEP) in accordance with ER 1110-2-1302.  Production used in CEDEP 
was derived from past contracts on this project as reported to this office via the Daily Reports of Operation (Eng Form 27A). 
 
3. The cost for the articulated mattresses used for the Reef Mitigation project feature were provided by the project Local Sponsor's coastal engineering consultant, Olsen 
Associates. 
 
4.  All construction quantities used in the cost estimate were provided by the Project Engineer and as indicated in the Engineering Appendix. 
 

   
8/28/2008   CESAJ-EN-C   Estimate Parameters: 

 
1.  The offshore borrow material delivery and stockpiling at the Poseidon DMMA upland site to be accomplished by a large dredging contractor (AA) that owns and operates the 
type of dredging equipment assumed in the estimate.  Assumed 10 percent field overhead, 6.5 percent G&A, 10 percent profit, and 1.5 percent bonds on AA. 
 
2.  The beach fill and truck hauling will be accomplished by a small marine construction contractor (SB) due to the smaller magnitude of construction and less specialized 
equipment requirements that is available to small construction business. Assumed 8 percent field overhead, 4.0 percent G&A, 10 percent profit and 1.5 percent bonds on SB. 
 
3.  Used 20 percent contingency appropriate for the level of project design. There is very current contract pricing and production data available for this project performing beach 
fill work on the Northern and Southern Reaches that is the same or similar as the beach fill work being considered for the initial GRR plans for the Mid-Reach. 
 
4.  Non-construction costs including PED, S&A, Lands and Damages, Monitoring and Mitigation included in the estimate as follows.    
 
PED - 10 percent as per CESAJ-EN-HC/J. Engle. 
 
S&A - 8.5 percent as per CESAJ-DP-C/O. Rodriquez.     
 
LERRD (Real Estate) - LS amounts provided by CESAJ-RE/L. Zediak. 
 
Monitoring - LS amounts provided by CESAJ-EN-HC/J. Engle and by CESAJ-PD-ES/P. Stodola.   
 
5.  All costs are in current dollar values and no escalation has been applied to the estimate.  

9/11/2008   CESAJ-EN-C   Revised Engineering Appendix and Cost Estimate. 
 
Reference Cost-Risk PDT session held on 9 September 2008 on subject project. 
This included representatives of the Local Project Sponsor, Brevard County, Michael McGarry, County Coastal Engineer and Kevin Bodge, Erik Olsen and Associates, Coastal 
Engineering Consultant for Brevard County. 
 
During the Cost-Risk brainstorming session a number of project considerations were discussed that led to the PDT recommending changes to the scope of work including 
construction methods for the truck hauling and beach placement and allowable periods of operation including restriction on the beach for Nesting Sea Turtles and operations 
during daylight hours only.  Other changes such as the DMMA Gopher Tortoise Perimeter fence were revised as a result of discussion with the Planning Environmental 
representative and others on the PDT. 
 
The following is the updated Project Scope of Work from the revised Engineering Appendix provided by CESAJ-EN-WC, J. Engle via email dated 11 September 2008. 
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Brian, Attached is the new SOW for the truck-haul portion of the subject project. Changes to the previous SOW are 1) inclusion of the turtle nesting construction window and 2) 
the local stockpiling and double handling of material between the highway dump trucks and the beach trucks. 
 
I have confirmed that there is no turtle nesting season restrictions on the mitigation reef construction. I will send a new SOW for the mitigation reef estimate in the next day or 
two if a new estimate is needed based on feedback from the sponsor and their consultant. 
 
Jason Engle, P.E. 
Coastal Engineer 
USACE, Jacksonville District 
 
SCOPE OF WORK VERSION 2.0: 
BREVARD COUNTY, FLORIDA SHORE PROTECTION PROJECT 
MID REACH GRR 
REVISED TRUCK-HAULED DUNE AND BEACH-FACE FILL ALTERNATIVE COST ESTIMATE 
 
1. PROJECT DESCRIPTION: Brevard County SPP Mid Reach is 7.6 miles in length and is bounded by Patrick Air Force Base to the north and the previously-constructed South 
Reach fill area to the south. The Mid Reach is divided into sub-reaches (1-6) that extend from south to north within the project area (see attached map, Figure 1.). 
 
The borrow site for the truck-hauled dune and beach face fill alternatives is Canaveral Shoals II (CSII), which is located approximately 20 miles north-northeast of the Mid Reach 
and 9.4 miles east of the Poseidon stockpile site. This borrow site has been used previously for construction and renourishment of the North and South Reaches. Any hydraulic 
fill will also come from the CSII borrow site and placed in conjunction with South Reach renourishment (6-year intervals). 
 
The sand will be dredged from CSII and transported to the Poseidon DMMA that is directly west of the Trident submarine basin at Port Canaveral (see project map, Figure 1). 
Sand will be dredged utilizing hopper dredges with direct pump-out at the stockpile site. Sand will be dewatered at the Poseidon site and then transported to the Mid Reach 
Project via over-the-road dump truck and stockpiled at local staging areas along the Mid Reach. The sand will then be transported along the beach and placed and shaped on the 
beach utilizing off-road trucks and tractors. All beach placement activities must take place outside of the May 1 to October 31 turtle nesting window. In addition, based on input 
from the project sponsor, all construction activities will be limited to daylight hours due to the densely populated construction area. 
 
Due to the large volume sand required for initial construction (over 500,000 cy) the initial construction will require two contractors with similar highway and off-road equipment 
in order to complete the project within one turtle-nesting window, operating during daylight hours only. Subsequent renourishments (approximately 160,000 cy) will require only 
one contractor to complete the work within the turtle window and daylight restrictions. Mobilization costs for initial construction will, thus, be higher than renourishment 
mobilization costs. 
 
2. POSEIDON STOCKPILE SITE: The Poseidon DMMA is directly adjacent to the Trident Submarine Basin on the west side. The interior of the site will require 15 acres of 
heavy clearing, 20 acres of light clearing, and two dike repairs of 6000 cy and 8500 cy, respectively. The dikes surrounding the placement area will require approximately 10 
acres of light clearing and approximately 1-foot of material added (30,000 cy total) to dress and restore the dike surface. Material that is presently within the stockpile site should 
be suitable for repairing the dikes and dressing the surface. In addition to the rehabilitation and preparation of the site, two road ramps will be constructed at the southwest corner 
for truck access over the dike. The site will have a capacity of approximately 800,000 cy if filled to +28’ NGVD within the southern portion of the site (see Figure 3 Poseidon site 
map). The Poseidon site’s perimeter dikes are approximately 32’ above grade at the present time. A fence encircling the stockpile site will be required to keep gopher tortoises out 
of the freshly cleared area. The fence will be a 7,700 foot-long, vinyl-coated chain link fence with an entrenched skirt along the bottom. 
 
It is anticipated that the stockpile site would be replenished when hydraulic dredges were mobilized for the north and south reach hydraulic beach fill renourishments 
(approximately every 6-years); thus mob/demob of the primary equipment would be accounted-for in the cost of those other operations and not born by the present stockpile 
project. Any additional equipment required to offload the barges at the Poseidon site (booster pumps, etc) would need to be included in this cost estimate. 
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3. DUNE AND BEACH FACE FILL VOLUMES: Tables 1 and 2 summarize the quantities for the two shore protection alternatives for which costs are needed—these are the 
NED Plan and the Locally Preferred Plan. The limits and lengths of each reach are included along with the haul distance (via existing roads) from the mid-point of each reach to 
the Poseidon stockpile site. The project alternatives consist of dune or dune plus beach face fill of widths varying from 10 to 30 feet. 
 
The dune-only template is constructed completely atop the existing beach berm and does not alter the MHW line; the dune + beach face template extends the mean high water 
(MHW) line a variable distance between 10 and 30 feet (plus 10’ for advance fill). The beach face fills will impact the nearshore rock, which will require mitigation. Mitigation 
will be constructed as outlined in a separate mitigation reef cost estimate scope of work. 
 
4. FILL PROFILES: The dune-only fill will advance the 12.8-foot NGVD contour 10 feet seaward of its pre-construction position, see Figure 2. The Dune + Beach Face fill 
template will advance the MHW water line by 10 to 30 feet plus 10 feet for advance fill. The dune portion of this template will advance the 10.6’ NGVD contour either 10 to 20 
feet seaward of its preconstruction position. 
 
5. BORROW AREA LIMITS. Canaveral Shoals II is approximately 6000 x 6500 ft, see attached borrow site map for corner coordinates. Distances from the borrow site to the 
project are listed in Table 1 for each sub reach. Contractor will enlarge previously dredged area which lies at a depth of approximately 36 ft. Allowable depth is 46.1 MLW. Bank 
height will be 6 to 8 ft. 
 
6. BORROW MATERIAL CHARACTERISTICS. The Borrow Area contains sand that consists primarily of poorly graded, slightly silty, fine to medium grained sands, with 
trace to some sand sized carbonate shell and shell fragments.  Occasional gravel sized shell fragments as indicated in the laboratory data should be expected.  The borrow area has 
an approximate mean grain size of 0.30 mm (1.75 phi) and a standard deviation of 1.03 phi. 
 
7. PIPELINE ACCESS, DESIGNATED ROUTES, EASEMENTS, AND OFFSHORE CORRIDORS. There are no designated routes or easements. 
 
Note the project quantities for beach fill under each plan have not changed.  Refer to the volumes tables included in the Engineering Appendix for the beach fill requirements for 
reach. 

   
11/6/2008   CESAJ-EN-C   1. Included final Lands and Damages costs for the final report NED and LPP that were provided by CESAJ-RE via email from CESAJ-PD-P/Marty Durkin on 6 November 2008. 

 
2. Included final Plan PED and Construction Management costs that were provided by CESAJ-EN-WC/Jason Engle via email on 6 November 2008. 

11/12/2008   CESAJ-EN-C  

  
Incorporated the following updates to the cost estimate based on the ATR review comments submitted by CESAM/J. Ellsworth as part of the project ICR for the Walla Walla 
Cost Center of Expertise. 
 
1. Revised fuel prices to current rates including the fuel price used for equipment and in the CEDEP hopper dredge cost estimate files. 
 
2. Revised applicable Sales Tax to current Brevard County, FL. rate. 
 
3. Added Construction Survey Crew as an additional Field Overhead requirement for the Beach Fill Subcontractor to monitor the beach placement construction meets the 
required design template. 
 
4. Revised the cost for replacement USCG approved offshore marker buoys under the Reef Mitigation mobilization/demobilization work item based on recent price quote. 
 
5. Included grass seeding to the DMMA stockpile site dike clearing and grubbing for bank erosion stabilization as per the Project Engineer. 
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6. Added costs for restoration of the truck haul staging areas adjacent to the beach fill reaches (6) based on the following information provided by the Local Sponsor's project 
engineer Mr. Mike McGarry via email forwarded by the Project Engineer/Jason Engle dated 21 November 2008.  These cost were added to the Mobilization/Demobilization work 
item under each beach fill requirement for both the NED and LPP plans. 
 
Jason: 
 
Staging area restoration has been a very incidental cost for the contractors.  Typically each site requires re-grading with beach sand, some sod at the edge of A1A (20x40 feet is 
typical), and replacing sea oats at the dune line. A 60x40 foot patch of sea oats is the maximum typically required, which is 1536 plants at current cost of $0.80 each installed and 
warranted or $1229 per site.  For county projects these costs have always been assumed by the contractor which makes them work hard to minimize their impact to the dune.  The 
county has never paid these costs directly they have been within the truck haul sand cost. 
 
For highway repair the only cost to the project (again born by the contractor) has been minor pothole/shoulder repairs where the trucks enter and leave the highway.  Once the 
trucks are moving down A1A they are on a state highway which they pay taxes to use.  Thus far the county has not seen evidence of road problems as a result of projects. 
 
Mike 

   
3/27/2010   CESAJ-EN-C   February 2009: Revised FINAL PLAN cost and estimate with the Cost-Risk Analysis based contingencies as follows. 

 
Construction Costs: 
 
1. Initial Construction Beach Nourishment - 17 percent (80% confidence level). 
2. Periodic Renourishment - 16 percent (80% confidence level). 
3. Associated General Items (Offshore Mitigation Reef) - 13 percent (80% confidence level). 
 
Non-Construction Costs: 
 
1. External - 23 percent (80% confidence level). 
 
Applied 23 percent contingency to all cost based on conversation with Jim Neubauer, Walla Walla Cost Center of Expertise. 
 
The complete Cost-Risk Analysis data and results are included in the Final Report Cost Engineering Appendix.  
 
The complete Cost-Risk Analysis data and results are included in the Final Report Cost Engineering Appendix.  
 
March 2010: Updated Final GRR MCACES including Independent External Peer Review (IEPR) based changes and repriced cost to FY10 price level. 
 
Reference email dated 19 March 2010 from CESAJ-EN-WC/Jason Engle providing updated Engineering Appendix with revised beach fill quantities for both the NED Plan and 
the Locally Preferred Plan (LPP) as a result of changes recommended via the IEPR.  The scope of the Artificial Reef Mitigation construction has not changed according to Mr. 
Engle, including the reef materials cost provided by the Local Sponsor's consultant, Olsen and Associates, Mr. Kevin Bodge. 
 
1. Used the current version of MII (v3.01) including current Equipment, Labor, and UPB databases to update the revised estimate.  The revisions to the estimate are to the beach 
fill quantities based on the above referenced updated Engineering Appendix. 
 
2. The CEDEP dredge cost based on a Medium Hopper Dredge were rerun using the current version including current labor rates and Local Area Cost factors and fuel prices.  
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Also changed the quantities to the revised post IEPR plan volumes indicated in the updated Engineering Appendix referenced above. 
 
3. Applied the previous Cost Schedule Risk Analysis (CSRA) based contingencies to the updated estimate since the Project Engineer, Jason Engle and the Cost Estimator, Brian 
Blake, have confirmed via discussions with the Walla Walla Cost DCX, Jim Neubauer, that the changes to the updated NED and LPP plans would most likely not affect the 
previously determined risk factors or analysis. 
 
Revised Estimated Construction Times (based on the above changes to the final NED and LPP plans): 
 
NED Plan (No. 19) Initial Beach Nourishment. 
Mobilization & Demobilization = 1.0 month or 30 days. 
Truck Hauling and Beach Placement = 7.20 months or 219 days *. 
Total Estimated Construction Time = 8.20 months or 249 days. 
 
NED PLan (No. 19) One Periodic Beach Renourishment. 
Mobilization & Demobilization = 1.0 month or 30 days. 
Truck Hauling and Beach Placement = 5.37 months or 163 days *. 
Total Estimated Construction Time = 6.37 months or 193 days. 
 
4.8 Acre Offshore Mitigation Reef. 
Total Construction Time = 3.47 months or 106 days (as per LS consultant)**. 
 
* - Based on continuous 12 hour per day, 7 days per week operational schedule. 
 
** - Mitigation Reef could be constructed concurrently with the beach fill and associated construction work. 

   
4/19/2010   CESAJ-EN-C   Final ATR review comment changes incorporated into the Final GRR as follows. 

 
1. Created separate MII Cost Summary Reports for each final recommended plan verses having them combined to improve reader understanding of the individual plan costs. 
 
2. Removed contingency from the cost estimate MII Project File.  The final CSRA based contingency of 23 percent will only be applied to the final plan costs in the Total Project 
Cost Summary (TPCS). 
 
3. Corrected the Construction Management cost based on 8.5% of the total construction cost for each plan. 
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 Project Cost Summary Report (Plan Level)        32,511,746 0 0 32,511,746 
 Final Recommended NED Plan (No. 19)   1.00 LS 32,511,746 0 0 32,511,746 
 Construction   1.00 LS 29,050,661 0 0 29,050,661 
 Non-Construction   1.00 LS 3,461,085 0 0 3,461,085 

 
Project Cost Summary Report (CWBS Feature Level)       32,511,746 0 0 32,511,746 
 Final Recommended NED Plan (No. 19)   1.00 LS 32,511,746 0 0 32,511,746 
 Construction   1.00 LS 29,050,661 0 0 29,050,661 
 A 17 Beach Replenishment   1.00 LS 29,050,661 0 0 29,050,661 
 Non-Construction   1.00 LS 3,461,085 0 0 3,461,085 
 N1 01 Lands and Damages   1.00 LS 70,000 0 0 70,000 
 N2  30 Planning, Engineering & Design   1.00 LS 313,000 0 0 313,000 
 N3  31 Construction Management (S&I)   1.00 LS 2,444,885 0 0 2,444,885 
 N4  99 Project Monitoring   1.00 LS 633,200 0 0 633,200 

 
Project Cost Summary Report (CWBS Sub-Feature Level)       32,511,746 0 0 32,511,746 
 Final Recommended NED Plan (No. 19)   1.00 LS 32,511,746 0 0 32,511,746 
 Construction   1.00 LS 29,050,661 0 0 29,050,661 
 A 17 Beach Replenishment   1.00 LS 29,050,661 0 0 29,050,661 
 1700 Beach Replenishment   1.00 LS 29,050,661 0 0 29,050,661 
 A1   170017 1 Initial Nourishment   661,383.00 CY 17,569,621 0 0 17,569,621 
 B1   170017 2 Periodic Renourishment   210,000.00 CY 5,699,135 0 0 5,699,135 
 M2 170099 Associated General Items   1.00 LS 5,781,904 0 0 5,781,904 

 Non-Construction   1.00 LS 3,461,085 0 0 3,461,085 
 N1 01 Lands and Damages   1.00 LS 70,000 0 0 70,000 
 N41   201B00 Acquisition/Administrative   1.00 LS 70,000 0 0 70,000 
 Federal   1.00 EA 10,000 0 0 10,000 
 Non-Federal   1.00 EA 60,000 0 0 60,000 

 N2  30 Planning, Engineering & Design   1.00 LS 313,000 0 0 313,000 
 N21   230 1 Engineering & Design   1.00 LS 313,000 0 0 313,000 
 N211   230 1 1 Planning & Environmental Compliance 1.00 LS 15,000 0 0 15,000 
 N212   230 1 2 Engineering & Design   1.00 LS 200,000 0 0 200,000 
 N213   230 1 3 Engineering Tech Review & VE   1.00 LS 20,000 0 0 20,000 
 N214   230 1 4 Contracting & Reprographics   1.00 LS 8,000 0 0 8,000 
 N215   230 1 5 Engineering During Construction   1.00 LS 20,000 0 0 20,000 
 N216   230 1 6 Planning During Construction   1.00 LS 10,000 0 0 10,000 
 N217   230 1 7 Cost Engineering   1.00 LS 40,000 0 0 40,000 

 N3  31 Construction Management (S&I)   1.00 LS 2,444,885 0 0 2,444,885 
 N31 Construction Contract S&A Cost   1.00 LS 2,444,885 0 0 2,444,885 
 N4  99 Project Monitoring   1.00 LS 633,200 0 0 633,200 
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 N41 299 1 Beach Profile Survey   1.00 LS 114,500 0 0 114,500 
 N411  299 1 1 Survey Lines   43.00 EA 64,500 0 0 64,500 
 N412   299 1 2 Aerial Survey   1.00 EA 50,000 0 0 50,000 
 N41 299 2 Mitigation Reef Monitoring Surveys   1.00 LS 518,700 0 0 518,700 
 N411  299 2 1 Pre-construction Physical Survey   1.00 EA 20,000 0 0 20,000 
 N412   299 2 3 Post-construction Physical Surveys 1.00 LS 113,800 0 0 113,800 
 N412   299 2 2 Post-construction Biological Surveys 1.00 LS 384,900 0 0 384,900 
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 Contract Cost Summary Report (Plan Level)        25,633,161 0 22,172,076 6,878,585 32,511,746 
 Final Recommended NED Plan (No. 19)   1.00 LS   25,633,161 0 22,172,076 6,878,585 32,511,746 
 Construction   1.00 LS   22,172,076 0 22,172,076 6,878,585 29,050,661 
 Non-Construction   1.00 LS   3,461,085 0 0 0 3,461,085 

 
Contract Cost Summary Report (CWBS Feature Level)       25,633,161 0 22,172,076 6,878,585 32,511,746 
 Final Recommended NED Plan (No. 19)   1.00 LS   25,633,161 0 22,172,076 6,878,585 32,511,746 
 Construction   1.00 LS   22,172,076 0 22,172,076 6,878,585 29,050,661 
 A 17 Beach Replenishment   1.00 LS   22,172,076 0 22,172,076 6,878,585 29,050,661 
 Non-Construction   1.00 LS   3,461,085 0 0 0 3,461,085 
 N1 01 Lands and Damages   1.00 LS   70,000 0 0 0 70,000 
 N2  30 Planning, Engineering & Design   1.00 LS   313,000 0 0 0 313,000 
 N3  31 Construction Management (S&I)   1.00 LS   2,444,885 0 0 0 2,444,885 
 N4  99 Project Monitoring   1.00 LS   633,200 0 0 0 633,200 

 
Contract Cost Summary Report (CWBS Sub-Feature Level)       25,633,161 0 22,172,076 6,878,585 32,511,746 
 Final Recommended NED Plan (No. 19)   1.00 LS   25,633,161 0 22,172,076 6,878,585 32,511,746 
 Construction   1.00 LS   22,172,076 0 22,172,076 6,878,585 29,050,661 
 A 17 Beach Replenishment   1.00 LS   22,172,076 0 22,172,076 6,878,585 29,050,661 
 1700 Beach Replenishment   1.00 LS   22,172,076 0 22,172,076 6,878,585 29,050,661 
 A1   170017 1 Initial Nourishment   661,383.00 CY   13,403,920 0 13,403,920 4,165,701 17,569,621 
 B1   170017 2 Periodic Renourishment   210,000.00 CY   4,347,671 0 4,347,671 1,351,464 5,699,135 
 M2 170099 Associated General Items   1.00 LS   4,420,484 0 4,420,484 1,361,420 5,781,904 

 Non-Construction   1.00 LS   3,461,085 0 0 0 3,461,085 
 N1 01 Lands and Damages   1.00 LS   70,000 0 0 0 70,000 
 N41   201B00 Acquisition/Administrative   1.00 LS   70,000 0 0 0 70,000 
 Federal   1.00 EA   10,000 0 0 0 10,000 
 Non-Federal   1.00 EA   60,000 0 0 0 60,000 

 N2  30 Planning, Engineering & Design   1.00 LS   313,000 0 0 0 313,000 
 N21   230 1 Engineering & Design   1.00 LS   313,000 0 0 0 313,000 
 N211   230 1 1 Planning & Environmental Compliance 1.00 LS   15,000 0 0 0 15,000 
 N212   230 1 2 Engineering & Design   1.00 LS   200,000 0 0 0 200,000 
 N213   230 1 3 Engineering Tech Review & VE   1.00 LS   20,000 0 0 0 20,000 
 N214   230 1 4 Contracting & Reprographics   1.00 LS   8,000 0 0 0 8,000 
 N215   230 1 5 Engineering During Construction   1.00 LS   20,000 0 0 0 20,000 
 N216   230 1 6 Planning During Construction   1.00 LS   10,000 0 0 0 10,000 
 N217   230 1 7 Cost Engineering   1.00 LS   40,000 0 0 0 40,000 

 N3  31 Construction Management (S&I)   1.00 LS   2,444,885 0 0 0 2,444,885 
 N31 Construction Contract S&A Cost   1.00 LS   2,444,885 0 0 0 2,444,885 
 N4  99 Project Monitoring   1.00 LS   633,200 0 0 0 633,200 
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 N41 299 1 Beach Profile Survey   1.00 LS   114,500 0 0 0 114,500 
 N411  299 1 1 Survey Lines   43.00 EA   64,500 0 0 0 64,500 
 N412   299 1 2 Aerial Survey   1.00 EA   50,000 0 0 0 50,000 
 N41 299 2 Mitigation Reef Monitoring Surveys   1.00 LS   518,700 0 0 0 518,700 
 N411  299 2 1 Pre-construction Physical Survey   1.00 EA   20,000 0 0 0 20,000 
 N412   299 2 3 Post-construction Physical Surveys 1.00 LS   113,800 0 0 0 113,800 
 N412   299 2 2 Post-construction Biological Surveys 1.00 LS   384,900 0 0 0 384,900 
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 Project Direct Costs Report (Plan Level)         5,626,380 7,012,218 312,709 3,000,925 9,680,930 25,633,161 
 Final Recommended NED Plan (No. 19)   1.00 LS 5,626,380 7,012,218 312,709 3,000,925 9,680,930 25,633,161 
 Construction   1.00 LS 5,626,380 7,012,218 312,709 3,000,925 6,219,845 22,172,076 
 Non-Construction   1.00 LS 0 0 0 0 3,461,085 3,461,085 

 
Project Direct Costs Report (CWBS Feature Level)         5,626,380 7,012,218 312,709 3,000,925 9,680,930 25,633,161 
 Final Recommended NED Plan (No. 19)   1.00 LS 5,626,380 7,012,218 312,709 3,000,925 9,680,930 25,633,161 
 Construction   1.00 LS 5,626,380 7,012,218 312,709 3,000,925 6,219,845 22,172,076 
 A 17 Beach Replenishment   1.00 LS 5,626,380 7,012,218 312,709 3,000,925 6,219,845 22,172,076 
 Non-Construction   1.00 LS 0 0 0 0 3,461,085 3,461,085 
 N1 01 Lands and Damages   1.00 LS 0 0 0 0 70,000 70,000 
 N2  30 Planning, Engineering & Design   1.00 LS 0 0 0 0 313,000 313,000 
 N3  31 Construction Management (S&I)   1.00 LS 0 0 0 0 2,444,885 2,444,885 
 N4  99 Project Monitoring   1.00 LS 0 0 0 0 633,200 633,200 

 
Project Direct Costs Report (CWBS Sub-Feature Level)       5,626,380 7,012,218 312,709 3,000,925 9,680,930 25,633,161 
 Final Recommended NED Plan (No. 19)   1.00 LS 5,626,380 7,012,218 312,709 3,000,925 9,680,930 25,633,161 
 Construction   1.00 LS 5,626,380 7,012,218 312,709 3,000,925 6,219,845 22,172,076 
 A 17 Beach Replenishment   1.00 LS 5,626,380 7,012,218 312,709 3,000,925 6,219,845 22,172,076 
 1700 Beach Replenishment   1.00 LS 5,626,380 7,012,218 312,709 3,000,925 6,219,845 22,172,076 
 A1   170017 1 Initial Nourishment   661,383.00 CY 3,846,884 4,731,477 300,218 0 4,525,341 13,403,920 
 B1   170017 2 Periodic Renourishment   210,000.00 CY 1,294,182 1,573,073 0 0 1,480,415 4,347,671 
 M2 170099 Associated General Items   1.00 LS 485,313 707,667 12,491 3,000,925 214,088 4,420,484 

 Non-Construction   1.00 LS 0 0 0 0 3,461,085 3,461,085 
 N1 01 Lands and Damages   1.00 LS 0 0 0 0 70,000 70,000 
 N41   201B00 Acquisition/Administrative   1.00 LS 0 0 0 0 70,000 70,000 
 Federal   1.00 EA 0 0 0 0 10,000 10,000 
 Non-Federal   1.00 EA 0 0 0 0 60,000 60,000 

 N2  30 Planning, Engineering & Design   1.00 LS 0 0 0 0 313,000 313,000 
 N21   230 1 Engineering & Design   1.00 LS 0 0 0 0 313,000 313,000 
 N211   230 1 1 Planning & Environmental Compliance 1.00 LS 0 0 0 0 15,000 15,000 
 N212   230 1 2 Engineering & Design   1.00 LS 0 0 0 0 200,000 200,000 
 N213   230 1 3 Engineering Tech Review & VE   1.00 LS 0 0 0 0 20,000 20,000 
 N214   230 1 4 Contracting & Reprographics   1.00 LS 0 0 0 0 8,000 8,000 
 N215   230 1 5 Engineering During Construction   1.00 LS 0 0 0 0 20,000 20,000 
 N216   230 1 6 Planning During Construction   1.00 LS 0 0 0 0 10,000 10,000 
 N217   230 1 7 Cost Engineering   1.00 LS 0 0 0 0 40,000 40,000 

 N3  31 Construction Management (S&I)   1.00 LS 0 0 0 0 2,444,885 2,444,885 
 N31 Construction Contract S&A Cost   1.00 LS 0 0 0 0 2,444,885 2,444,885 
 N4  99 Project Monitoring   1.00 LS 0 0 0 0 633,200 633,200 
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 N41 299 1 Beach Profile Survey   1.00 LS 0 0 0 0 114,500 114,500 
 N411  299 1 1 Survey Lines   43.00 EA 0 0 0 0 64,500 64,500 
 N412   299 1 2 Aerial Survey   1.00 EA 0 0 0 0 50,000 50,000 
 N41 299 2 Mitigation Reef Monitoring Surveys   1.00 LS 0 0 0 0 518,700 518,700 
 N411  299 2 1 Pre-construction Physical Survey   1.00 EA 0 0 0 0 20,000 20,000 
 N412   299 2 3 Post-construction Physical Surveys 1.00 LS 0 0 0 0 113,800 113,800 
 N412   299 2 2 Post-construction Biological Surveys 1.00 LS 0 0 0 0 384,900 384,900 
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   Estimated Construction Time  Days    
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Library Properties   
Designed by  Design Document Revised GRR Engineering Appendix

 CESAJ-EN-WC  Document Date 3/19/2010

Estimated by  District Jacksonville

 CESAJ-EN-C  Contact Jason Engle, 904-232-2230

Prepared by  Budget Year 2010

 B. Blake  UOM System English

  
Direct Costs  Timeline/Currency
LaborCost  Preparation Date 4/20/2010
EQCost  Escalation Date 10/1/2009
MatlCost  Eff. Pricing Date 3/27/2010
SubBidCost  Estimated Duration 0 Day(s)
OTHER  
Tipping Fees  Currency US dollars

Exchange Rate 1.000000

  
Costbook CB08EB: MII English Cost Book 2008

  
Labor LFL2009: LABOR_FLORDIA_2009 

Labor Rates  
LaborCost1  
LaborCost2  
LaborCost3  
LaborCost4  
  

Equipment EP07R03: MII Equipment Region 3r 2007
  

03 SOUTHEAST Fuel Shipping Rates
Sales Tax 7.40  Electricity 0.090 Over 0 CWT 10.26

Working Hours per Year 1,530  Gas 2.750 Over 240 CWT 9.59
Labor Adjustment Factor 0.83  Diesel Off-Road 2.350 Over 300 CWT 8.41

Cost of Money 3.25  Diesel On-Road 2.850 Over 400 CWT 7.64
Cost of Money Discount 25.00  Over 500 CWT 4.49

Tire Recap Cost Factor 1.50  Over 700 CWT 4.36
Tire Recap Wear Factor 1.80  Over 800 CWT 4.99

Tire Repair Factor 0.15  
Equipment Cost Factor 1.00  

Standby Depreciation Factor 0.50  
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Project Notes   
8/12/2008   CESAJ-EN-C   PLANNING ESTIMATE FOR FINAL GRR LOCALLY PREFERRED PLAN (OPTION 6) 

 
Reference CESAJ-EN-WC email dated 8 August 2008 providing the final engineering scope of work for the Final NED Recommended Plan and the Locally Preferred Plan. 
 
FINAL NED AND LPP SCOPE OF WORK (As Per CESAJ-EN-DW): 
 
BREVARD COUNTY, FLORIDA SHORE PROTECTION PROJECT 
MID REACH GRR 
REVISED TRUCK-HAULED DUNE AND BEACH-FACE FILL ALTERNATIVE COST ESTIMATE 
 
1. PROJECT DESCRIPTION: Brevard County SPP Mid Reach is 7.6 miles in length and is bounded by Patrick Air Force Base to the north and the previously-constructed South 
Reach fill area to the south. The Mid Reach is divided into sub-reaches (1-6) that extend from south to north within the project area (see attached map, Figure 1.). 
 
The borrow site for the truck-hauled dune and beach face fill alternatives is Canaveral Shoals II (CSII), which is located approximately 20 miles north-northeast of the Mid Reach 
and 9.4 miles east of the Poseidon stockpile site. This borrow site has been used previously for construction and renourishment of the North and South Reaches. Any hydraulic 
fill will also come from the CSII borrow site and placed in conjunction with South Reach renourishment (6-year intervals). 
 
The sand will be dredged from CSII and transported to the Poseidon DMMA that is directly west of the Trident submarine basin at Port Canaveral (see project map, Figure 1). 
Sand will be dredged utilizing hopper dredges with direct pump-out at the stockpile site. Sand will be dewatered at the Poseidon site and then transported to the Mid Reach 
Project via dump truck and placed and shaped on the beach utilizing tractors. Initial use of the Poseidon site will require clearing, grubbing and dike repair work as outlined in 
section 2. 
 
2. POSEIDON STOCKPILE SITE: The Poseidon DMMA is directly adjacent to the Trident Submarine Basin on the west side. The interior of the site will require 15 acres of 
heavy clearing, 20 acres of light clearing, and two dike repairs of 6000 cy and 8500 cy, respectively. The dykes surrounding the placement area will require approximately 10 
acres of light clearing and approximately 1-foot of material added (30,000 cy total) to dress and restore the dyke surface. Material that is presently within the stockpile site should 
be suitable for repairing the dikes and dressing the surface. In addition to the rehabilitation and preparation of the site, a road ramp will be constructed at the southwest corner for 
truck access over the dike. The site will have a capacity of approximately 800,000 cy if filled to +28’ NGVD within the southern portion of the site (see Figure 3 Poseidon site 
map). The Poseidon site’s perimeter dikes are approximately 32’ above grade at the present time. 
 
It is anticipated that the stockpile site would be replenished when hydraulic dredges were mobilized for the north and south reach hydraulic beach fill renourishments 
(approximately every 6-years); thus mob/demob of the primary equipment would be accounted-for in the cost of those other operations and not born by the present stockpile 
project. Any additional equipment required to offload the barges at the Poseidon site (booster pumps, etc) would need to be included in this cost estimate. 
 
3. DUNE AND BEACH FACE FILL VOLUMES: Tables 1 and 2 summarize the quantities for the two shore protection alternatives for which costs are needed—these are the 
NED Plan and the Locally Preferred Plan. The limits and lengths of each reach are included along with the haul distance (via existing roads) from the mid-point of each reach to 
the Poseidon stockpile site. The project alternatives consist of dune or dune plus beach face fill of widths varying from 10 to 30 feet. 
 
The dune-only template is constructed completely atop the existing beach berm and does not alter the MHW line; the dune + beach face template extends the mean high water 
(MHW) line a variable distance between 10 and 30 feet (plus 10’ for advance fill). The beach face fills will impact the nearshore rock, which will require mitigation. Mitigation 
will be constructed as outlined in a separate mitigation reef cost estimate scope of work. 
 
Figure 1. Brevard County, Florida SPP Mid Reach vicinity map (Refer to the Engineering Appendix in the Report). 

   
8/28/2008   CESAJ-EN-C   SCOPE OF WORK: 
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BREVARD COUNTY, FLORIDA SHORE PROTECTION PROJECT 
MID REACH GRR 
MITIGATION REEF COST ESTIMATES 
 
PROJECT DESCRIPTION: Brevard County SPP Mid Reach is 7.6 miles in length and is bounded by Patrick Air Force Base to the north and the previously-constructed South 
Reach fill area to the south (see attached map, Figure 1.). 
 
Any potential impacts to the nearshore rock that might occur due to shore protection alternatives such as beach nourishment would require mitigation. A nearshore reef is 
proposed which consists of a concrete articulated mattress that a series of interlocking, cable-connected slabs. The slabs are cast with limestone cobbles embedded in the exposed 
surfaces to better replicate the natural rock’s surface (prototype depicted in Figure 2). Each reef structure would consist of approximately 45 mattress units. The structure would 
mimic the natural reef’s relief and texture; however, it would be located seaward of the native rock, in nominally 14-16 feet water depth (MLW). The proposed nearshore reef 
mitigation area is located between FDEP monuments R-80 and R-118, the center of which is 17 nautical miles south of Canaveral Inlet. 
 
MITIGATION REEF DESIGN 
 
The reef mattresses would consist of 18 individual 2.4-foot square slabs, arranged in a 3-by-6 pattern connected to one another by cables. The dimensions of each mattress would 
be approximately 8’x16’x12”. 340 mattresses would be required for each acre of mitigation. 
 
The reef would be constructed with sea-based equipment (barge and crane). The rock would need to be placed with a crane as opposed to pushing the material off the barge to 
prevent damage to the marine mattresses. Quantities required for various-sized reefs are outlined in Table1. 
 
The amount of native rock that will be impacted is 3 acres. The mitigation ratio for the project will be 1.6:1; therefore, 4.8 acres of reef will be required for the project. A total of 
1632 mattresses will be required for the reef. 
 
COST ESTIMATING QUANTITIES 
 
Olsen Associates Inc. has provided preliminary cost estimates for production and installation of the reef units based on research that was conducted for Brevard County’s Joint 
Coastal Permit to construct a similar mitigation reef. Those costs are summarized as follows (per acre): 
 
Refer to the Engineering Appendix for cost referenced information that was incorporated directly into the MII cost estimate for the final NED/LPP plans. 
 
Mold operations could be initiated before construction and would not be effected by adverse wave conditions, thus, the molds costs and mold mobilization would be required only 
on the first acre. 
  
Productivity is estimated to be 70 mattresses and 5 days installation time per barge load. 340 mattresses (1 acre) would require 5 barge-loads and 25 working days. Construction 
would be practical only when seas are less than 3 feet and ideally less than 2 feet. The period from June through August is the calmest time in the project area; when 
approximately 33% of the days would be satisfactory for construction. With 25 working days and 50 weather days, the 75 day construction would consume the entire June to 
August window. Thus additional equipment (barges, tugs, etc) would be required to construct each acre within the same construction ‘season’. 

   
8/28/2008   CESAJ-EN-C   Estimate Assumptions: 

 
1. Dredging and stockpiling of sand at the Poseidon DMMA site at Port Canaveral will be accomplished using medium to large hopper dredges under a separate beach 
renourishment contract.  The stockpiling will occur prior to the actual construction of this project which will  consist of truck hauling the stockpiled sand from the DMMA 
stockpile to the Mid-Reach beach fill areas. 
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2. The hopper dredging costs were computed using Cost Engineering Dredge Estimating Program (CEDEP) in accordance with ER 1110-2-1302.  Production used in CEDEP 
was derived from past contracts on this project as reported to this office via the Daily Reports of Operation (Eng Form 27A). 
 
3. The cost for the articulated mattresses used for the Reef Mitigation project feature were provided by the project Local Sponsor's coastal engineering consultant, Olsen 
Associates. 
 
4.  All construction quantities used in the cost estimate were provided by the Project Engineer and as indicated in the Engineering Appendix. 
 

   
8/28/2008   CESAJ-EN-C   Estimate Parameters: 

 
1.  The offshore borrow material delivery and stockpiling at the Poseidon DMMA upland site to be accomplished by a large dredging contractor (AA) that owns and operates the 
type of dredging equipment assumed in the estimate.  Assumed 10 percent field overhead, 6.5 percent G&A, 10 percent profit, and 1.5 percent bonds on AA. 
 
2.  The beach fill and truck hauling will be accomplished by a small marine construction contractor (SB) due to the smaller magnitude of construction and less specialized 
equipment requirements that is available to small construction business. Assumed 8 percent field overhead, 4.0 percent G&A, 10 percent profit and 1.5 percent bonds on SB. 
 
3.  Used 20 percent contingency appropriate for the level of project design. There is very current contract pricing and production data available for this project performing beach 
fill work on the Northern and Southern Reaches that is the same or similar as the beach fill work being considered for the initial GRR plans for the Mid-Reach. 
 
4.  Non-construction costs including PED, S&A, Lands and Damages, Monitoring and Mitigation included in the estimate as follows.    
 
PED - 10 percent as per CESAJ-EN-HC/J. Engle. 
 
S&A - 8.5 percent as per CESAJ-DP-C/O. Rodriquez.     
 
LERRD (Real Estate) - LS amounts provided by CESAJ-RE/L. Zediak. 
 
Monitoring - LS amounts provided by CESAJ-EN-HC/J. Engle and by CESAJ-PD-ES/P. Stodola.   
 
5.  All costs are in current dollar values and no escalation has been applied to the estimate.  

9/11/2008   CESAJ-EN-C   Revised Engineering Appendix and Cost Estimate. 
 
Reference Cost-Risk PDT session held on 9 September 2008 on subject project. 
This included representatives of the Local Project Sponsor, Brevard County, Michael McGarry, County Coastal Engineer and Kevin Bodge, Erik Olsen and Associates, Coastal 
Engineering Consultant for Brevard County. 
 
During the Cost-Risk brainstorming session a number of project considerations were discussed that led to the PDT recommending changes to the scope of work including 
construction methods for the truck hauling and beach placement and allowable periods of operation including restriction on the beach for Nesting Sea Turtles and operations 
during daylight hours only.  Other changes such as the DMMA Gopher Tortoise Perimeter fence were revised as a result of discussion with the Planning Environmental 
representative and others on the PDT. 
 
The following is the updated Project Scope of Work from the revised Engineering Appendix provided by CESAJ-EN-WC, J. Engle via email dated 11 September 2008. 
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Brian, Attached is the new SOW for the truck-haul portion of the subject project. Changes to the previous SOW are 1) inclusion of the turtle nesting construction window and 2) 
the local stockpiling and double handling of material between the highway dump trucks and the beach trucks. 
 
I have confirmed that there is no turtle nesting season restrictions on the mitigation reef construction. I will send a new SOW for the mitigation reef estimate in the next day or 
two if a new estimate is needed based on feedback from the sponsor and their consultant. 
 
Jason Engle, P.E. 
Coastal Engineer 
USACE, Jacksonville District 
 
SCOPE OF WORK VERSION 2.0: 
BREVARD COUNTY, FLORIDA SHORE PROTECTION PROJECT 
MID REACH GRR 
REVISED TRUCK-HAULED DUNE AND BEACH-FACE FILL ALTERNATIVE COST ESTIMATE 
 
1. PROJECT DESCRIPTION: Brevard County SPP Mid Reach is 7.6 miles in length and is bounded by Patrick Air Force Base to the north and the previously-constructed South 
Reach fill area to the south. The Mid Reach is divided into sub-reaches (1-6) that extend from south to north within the project area (see attached map, Figure 1.). 
 
The borrow site for the truck-hauled dune and beach face fill alternatives is Canaveral Shoals II (CSII), which is located approximately 20 miles north-northeast of the Mid Reach 
and 9.4 miles east of the Poseidon stockpile site. This borrow site has been used previously for construction and renourishment of the North and South Reaches. Any hydraulic 
fill will also come from the CSII borrow site and placed in conjunction with South Reach renourishment (6-year intervals). 
 
The sand will be dredged from CSII and transported to the Poseidon DMMA that is directly west of the Trident submarine basin at Port Canaveral (see project map, Figure 1). 
Sand will be dredged utilizing hopper dredges with direct pump-out at the stockpile site. Sand will be dewatered at the Poseidon site and then transported to the Mid Reach 
Project via over-the-road dump truck and stockpiled at local staging areas along the Mid Reach. The sand will then be transported along the beach and placed and shaped on the 
beach utilizing off-road trucks and tractors. All beach placement activities must take place outside of the May 1 to October 31 turtle nesting window. In addition, based on input 
from the project sponsor, all construction activities will be limited to daylight hours due to the densely populated construction area. 
 
Due to the large volume sand required for initial construction (over 500,000 cy) the initial construction will require two contractors with similar highway and off-road equipment 
in order to complete the project within one turtle-nesting window, operating during daylight hours only. Subsequent renourishments (approximately 160,000 cy) will require only 
one contractor to complete the work within the turtle window and daylight restrictions. Mobilization costs for initial construction will, thus, be higher than renourishment 
mobilization costs. 
 
2. POSEIDON STOCKPILE SITE: The Poseidon DMMA is directly adjacent to the Trident Submarine Basin on the west side. The interior of the site will require 15 acres of 
heavy clearing, 20 acres of light clearing, and two dike repairs of 6000 cy and 8500 cy, respectively. The dikes surrounding the placement area will require approximately 10 
acres of light clearing and approximately 1-foot of material added (30,000 cy total) to dress and restore the dike surface. Material that is presently within the stockpile site should 
be suitable for repairing the dikes and dressing the surface. In addition to the rehabilitation and preparation of the site, two road ramps will be constructed at the southwest corner 
for truck access over the dike. The site will have a capacity of approximately 800,000 cy if filled to +28’ NGVD within the southern portion of the site (see Figure 3 Poseidon site 
map). The Poseidon site’s perimeter dikes are approximately 32’ above grade at the present time. A fence encircling the stockpile site will be required to keep gopher tortoises out 
of the freshly cleared area. The fence will be a 7,700 foot-long, vinyl-coated chain link fence with an entrenched skirt along the bottom. 
 
It is anticipated that the stockpile site would be replenished when hydraulic dredges were mobilized for the north and south reach hydraulic beach fill renourishments 
(approximately every 6-years); thus mob/demob of the primary equipment would be accounted-for in the cost of those other operations and not born by the present stockpile 
project. Any additional equipment required to offload the barges at the Poseidon site (booster pumps, etc) would need to be included in this cost estimate. 
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3. DUNE AND BEACH FACE FILL VOLUMES: Tables 1 and 2 summarize the quantities for the two shore protection alternatives for which costs are needed—these are the 
NED Plan and the Locally Preferred Plan. The limits and lengths of each reach are included along with the haul distance (via existing roads) from the mid-point of each reach to 
the Poseidon stockpile site. The project alternatives consist of dune or dune plus beach face fill of widths varying from 10 to 30 feet. 
 
The dune-only template is constructed completely atop the existing beach berm and does not alter the MHW line; the dune + beach face template extends the mean high water 
(MHW) line a variable distance between 10 and 30 feet (plus 10’ for advance fill). The beach face fills will impact the nearshore rock, which will require mitigation. Mitigation 
will be constructed as outlined in a separate mitigation reef cost estimate scope of work. 
 
4. FILL PROFILES: The dune-only fill will advance the 12.8-foot NGVD contour 10 feet seaward of its pre-construction position, see Figure 2. The Dune + Beach Face fill 
template will advance the MHW water line by 10 to 30 feet plus 10 feet for advance fill. The dune portion of this template will advance the 10.6’ NGVD contour either 10 to 20 
feet seaward of its preconstruction position. 
 
5. BORROW AREA LIMITS. Canaveral Shoals II is approximately 6000 x 6500 ft, see attached borrow site map for corner coordinates. Distances from the borrow site to the 
project are listed in Table 1 for each sub reach. Contractor will enlarge previously dredged area which lies at a depth of approximately 36 ft. Allowable depth is 46.1 MLW. Bank 
height will be 6 to 8 ft. 
 
6. BORROW MATERIAL CHARACTERISTICS. The Borrow Area contains sand that consists primarily of poorly graded, slightly silty, fine to medium grained sands, with 
trace to some sand sized carbonate shell and shell fragments.  Occasional gravel sized shell fragments as indicated in the laboratory data should be expected.  The borrow area has 
an approximate mean grain size of 0.30 mm (1.75 phi) and a standard deviation of 1.03 phi. 
 
7. PIPELINE ACCESS, DESIGNATED ROUTES, EASEMENTS, AND OFFSHORE CORRIDORS. There are no designated routes or easements. 
 
Note the project quantities for beach fill under each plan have not changed.  Refer to the volumes tables included in the Engineering Appendix for the beach fill requirements for 
reach. 

   
11/6/2008   CESAJ-EN-C   1. Included final Lands and Damages costs for the final report NED and LPP that were provided by CESAJ-RE via email from CESAJ-PD-P/Marty Durkin on 6 November 2008. 

 
2. Included final Plan PED and Construction Management costs that were provided by CESAJ-EN-WC/Jason Engle via email on 6 November 2008. 

11/12/2008   CESAJ-EN-C   Incorporated the following updates to the cost estimate based on the ATR review comments submitted by CESAM/J. Ellsworth as part of the project ICR for the Walla Walla 
Cost Center of Expertise. 
 
1. Revised fuel prices to current rates including the fuel price used for equipment and in the CEDEP hopper dredge cost estimate files. 
 
2. Revised applicable Sales Tax to current Brevard County, FL. rate. 
 
3. Added Construction Survey Crew as an additional Field Overhead requirement for the Beach Fill Subcontractor to monitor the beach placement construction meets the 
required design template. 
 
4. Revised the cost for replacement USCG approved offshore marker buoys under the Reef Mitigation mobilization/demobilization work item based on recent price quote. 
 
5. Included grass seeding to the DMMA stockpile site dike clearing and grubbing for bank erosion stabilization as per the Project Engineer. 
 
6. Added costs for restoration of the truck haul staging areas adjacent to the beach fill reaches (6) based on the following information provided by the Local Sponsor's project 
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engineer Mr. Mike McGarry via email forwarded by the Project Engineer/Jason Engle dated 21 November 2008.  These cost were added to the Mobilization/Demobilization work 
item under each beach fill requirement for both the NED and LPP plans. 
 
Jason: 
 
Staging area restoration has been a very incidental cost for the contractors.  Typically each site requires re-grading with beach sand, some sod at the edge of A1A (20x40 feet is 
typical), and replacing sea oats at the dune line. A 60x40 foot patch of sea oats is the maximum typically required, which is 1536 plants at current cost of $0.80 each installed and 
warranted or $1229 per site.  For county projects these costs have always been assumed by the contractor which makes them work hard to minimize their impact to the dune.  The 
county has never paid these costs directly, they have been within the truck haul sand cost. 
 
For highway repair the only cost to the project (again born by the 
contractor) has been minor pothole/shoulder repairs where the trucks enter and leave the highway.  Once the trucks are moving down A1A they are on a state highway which they 
pay taxes to use.  Thus far the county has not seen evidence of road problems as a result of projects. 
 
Mike 

   
3/27/2010   CESAJ-EN-C   February 2009: Revised FINAL PLAN cost and estimate with the Cost-Risk Analysis based contingencies as follows. 

 
Construction Costs: 
 
1. Initial Construction Beach Nourishment - 17 percent (80% confidence level). 
2. Periodic Renourishment - 16 percent (80% confidence level). 
3. Associated General Items (Offshore Mitigation Reef) - 13 percent (80% confidence level). 
 
Non-Construction Costs: 
 
1. External - 23 percent (80% confidence level). 
 
Applied 23 percent contingency to all cost based on conversation with Jim Neubauer, Walla Walla Cost Center of Expertise. 
 
The complete Cost-Risk Analysis data and results are included in the Final Report Cost Engineering Appendix.  
 
The complete Cost-Risk Analysis data and results are included in the Final Report Cost Engineering Appendix.  
 
March 2010: Updated Final GRR MCACES including Independent External Peer Review (IEPR) based changes and repriced cost to FY10 price level. 
 
Reference email dated 19 March 2010 from CESAJ-EN-WC/Jason Engle providing updated Engineering Appendix with revised beach fill quantities for both the NED Plan and 
the Locally Preferred Plan (LPP) as a result of changes recommended via the IEPR.  The scope of the Artificial Reef Mitigation construction has not changed according to Mr. 
Engle, including the reef materials cost provided by the Local Sponsor's consultant, Olsen and Associates, Mr. Kevin Bodge. 
 
1. Used the current version of MII (v3.01) including current Equipment, Labor, and UPB databases to update the revised estimate.  The revisions to the estimate are to the beach 
fill quantities based on the above referenced updated Engineering Appendix. 
 
2. The CEDEP dredge cost based on a Medium Hopper Dredge were rerun using the current version including current labor rates and Local Area Cost factors and fuel prices.  
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Also changed the quantities to the revised post IEPR plan volumes indicated in the updated Engineering Appendix referenced above. 
 
3. Applied the previous Cost Schedule Risk Analysis (CSRA) based contingencies to the updated estimate since the Project Engineer, Jason Engle and the Cost Estimator, Brian 
Blake, have confirmed via discussions with the Walla Walla Cost DCX, Jim Neubauer, that the changes to the updated NED and LPP plans would most likely not affect the 
previously determined risk factors or analysis. 
 
Revised Estimated Construction Times (based on the above changes to the final NED and LPP plans): 
 
LPP Plan (Option 6) Initial Beach Nourishment. 
Mobilization & Demobilization = 1.0 month or 30 days. 
Truck Hauling and Beach Placement = 7.05 months or 214 days *. 
Total Estimated Construction Time = 8.05 months or 244 days. 
 
LPP PLan (Option 6) One Periodic Beach Renourishment. 
Mobilization & Demobilization = 1.0 month or 30 days. 
Truck Hauling and Beach Placement = 5.37 months or 163 days *. 
Total Estimated Construction Time = 6.37 months or 193 days. 
 
4.8 Acre Offshore Mitigation Reef. 
Total Construction Time = 3.47 months or 106 days (as per LS consultant)**. 
 
* - Based on continuous 12 hour per day, 7 days per week operational schedule. 
 
** - Mitigation Reef could be constructed concurrently with the beach fill and associated construction work. 

   
4/19/2010   CESAJ-EN-C   Final ATR review comment changes incorporated into the Final GRR as follows. 

 
1. Created separate MII Cost Summary Reports for each final recommended plan verses having them combined to improve reader understanding of the individual plan costs. 
 
2. Removed contingency from the cost estimate MII Project File.  The final CSRA based contingency of 23 percent will only be applied to the final plan costs in the Total Project 
Cost Summary (TPCS). 
 
3. Corrected the Construction Management cost based on 8.5% of the total construction cost for each plan. 
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 Project Cost Summary Report (Plan Level)         32,337,015 0 0 32,337,015 
 Locally Preferred Plan (Option 6)   1.00 LS 32,337,015 0 0 32,337,015 
 Construction   1.00 LS 28,889,466 0 0 28,889,466 
 Non-Construction   1.00 LS 3,447,549 0 0 3,447,549 

 
Project Cost Summary Report (CWBS Feature Level)       32,337,015 0 0 32,337,015 
 Locally Preferred Plan (Option 6)   1.00 LS 32,337,015 0 0 32,337,015 
 Construction   1.00 LS 28,889,466 0 0 28,889,466 
 A 17 Beach Replenishment   1.00 LS 28,889,466 0 0 28,889,466 
 Non-Construction   1.00 LS 3,447,549 0 0 3,447,549 
 N1  01 Lands and Damages   1.00 LS 70,000 0 0 70,000 
 N2  30 Planning, Engineering & Design   1.00 LS 313,000 0 0 313,000 
 N3  31 Construction Management (S&I)   1.00 LS 2,431,349 0 0 2,431,349 
 N4  99 Project Monitoring   1.00 LS 633,200 0 0 633,200 

 
Project Cost Summary Report (CWBS Sub-Feature Level)       32,337,015 0 0 32,337,015 
 Locally Preferred Plan (Option 6)   1.00 LS 32,337,015 0 0 32,337,015 
 Construction   1.00 LS 28,889,466 0 0 28,889,466 
 A 17 Beach Replenishment   1.00 LS 28,889,466 0 0 28,889,466 
 1700 Beach Replenishment   1.00 LS 28,889,466 0 0 28,889,466 
 A1   170017 1 Initial Nourishment   654,881.00 CY 17,409,126 0 0 17,409,126 
 B1   170017 2 Periodic Renourishment   210,000.00 CY 5,698,436 0 0 5,698,436 
 M2 170099 Associated General Items   1.00 LS 5,781,904 0 0 5,781,904 

 Non-Construction   1.00 LS 3,447,549 0 0 3,447,549 
 N1  01 Lands and Damages   1.00 LS 70,000 0 0 70,000 
 N41   201B00 Acquisition/Administrative   1.00 LS 70,000 0 0 70,000 
 Federal   1.00 EA 10,000 0 0 10,000 
 Non-Federal   1.00 EA 60,000 0 0 60,000 

 N2  30 Planning, Engineering & Design   1.00 LS 313,000 0 0 313,000 
 N21   230 1 Engineering & Design   1.00 LS 313,000 0 0 313,000 
 N211   230 1 1 Planning & Environmental Compliance 1.00 LS 15,000 0 0 15,000 
 N212   230 1 2 Engineering & Design   1.00 LS 200,000 0 0 200,000 
 N213   230 1 3 Engineering Tech Review & VE   1.00 LS 20,000 0 0 20,000 
 N214   230 1 4 Contracting & Reprographics   1.00 LS 8,000 0 0 8,000 
 N215   230 1 5 Engineering During Construction   1.00 LS 20,000 0 0 20,000 
 N216   230 1 6 Planning During Construction   1.00 LS 10,000 0 0 10,000 
 N217   230 1 7 Cost Engineering   1.00 LS 40,000 0 0 40,000 

 N3  31 Construction Management (S&I)   1.00 LS 2,431,349 0 0 2,431,349 
 N31 Construction Contract S&A Cost   1.00 LS 2,431,349 0 0 2,431,349 
 N4  99 Project Monitoring   1.00 LS 633,200 0 0 633,200 
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 N41 299 1 Beach Profile Survey   1.00 LS 114,500 0 0 114,500 
 N411  299 1 1 Survey Lines   43.00 EA 64,500 0 0 64,500 
 N412   299 1 2 Aerial Survey   1.00 EA 50,000 0 0 50,000 
 N41 299 2 Mitigation Reef Monitoring Surveys   1.00 LS 518,700 0 0 518,700 
 N411  299 2 1 Pre-construction Physical Survey   1.00 EA 20,000 0 0 20,000 
 N412   299 2 3 Post-construction Physical Surveys 1.00 LS 113,800 0 0 113,800 
 N412   299 2 2 Post-construction Biological Surveys 1.00 LS 384,900 0 0 384,900 
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 Contract Cost Summary Report (Plan Level)         25,498,422 0 22,050,873 6,838,594 32,337,015 
 Locally Preferred Plan (Option 6)   1.00 LS   25,498,422 0 22,050,873 6,838,594 32,337,015 
 Construction   1.00 LS   22,050,873 0 22,050,873 6,838,594 28,889,466 
 Non-Construction   1.00 LS   3,447,549 0 0 0 3,447,549 

 
Contract Cost Summary Report (CWBS Feature Level)       25,498,422 0 22,050,873 6,838,594 32,337,015 
 Locally Preferred Plan (Option 6)   1.00 LS   25,498,422 0 22,050,873 6,838,594 32,337,015 
 Construction   1.00 LS   22,050,873 0 22,050,873 6,838,594 28,889,466 
 A 17 Beach Replenishment   1.00 LS   22,050,873 0 22,050,873 6,838,594 28,889,466 
 Non-Construction   1.00 LS   3,447,549 0 0 0 3,447,549 
 N1  01 Lands and Damages   1.00 LS   70,000 0 0 0 70,000 
 N2  30 Planning, Engineering & Design   1.00 LS   313,000 0 0 0 313,000 
 N3  31 Construction Management (S&I)   1.00 LS   2,431,349 0 0 0 2,431,349 
 N4  99 Project Monitoring   1.00 LS   633,200 0 0 0 633,200 

 
Contract Cost Summary Report (CWBS Sub-Feature Level)       25,498,422 0 22,050,873 6,838,594 32,337,015 
 Locally Preferred Plan (Option 6)   1.00 LS   25,498,422 0 22,050,873 6,838,594 32,337,015 
 Construction   1.00 LS   22,050,873 0 22,050,873 6,838,594 28,889,466 
 A 17 Beach Replenishment   1.00 LS   22,050,873 0 22,050,873 6,838,594 28,889,466 
 1700 Beach Replenishment   1.00 LS   22,050,873 0 22,050,873 6,838,594 28,889,466 
 A1   170017 1 Initial Nourishment   654,881.00 CY   13,282,717 0 13,282,717 4,126,409 17,409,126 
 B1   170017 2 Periodic Renourishment   210,000.00 CY   4,347,671 0 4,347,671 1,350,765 5,698,436 
 M2 170099 Associated General Items   1.00 LS   4,420,484 0 4,420,484 1,361,420 5,781,904 

 Non-Construction   1.00 LS   3,447,549 0 0 0 3,447,549 
 N1  01 Lands and Damages   1.00 LS   70,000 0 0 0 70,000 
 N41   201B00 Acquisition/Administrative   1.00 LS   70,000 0 0 0 70,000 
 Federal   1.00 EA   10,000 0 0 0 10,000 
 Non-Federal   1.00 EA   60,000 0 0 0 60,000 

 N2  30 Planning, Engineering & Design   1.00 LS   313,000 0 0 0 313,000 
 N21   230 1 Engineering & Design   1.00 LS   313,000 0 0 0 313,000 
 N211   230 1 1 Planning & Environmental Compliance 1.00 LS   15,000 0 0 0 15,000 
 N212   230 1 2 Engineering & Design   1.00 LS   200,000 0 0 0 200,000 
 N213   230 1 3 Engineering Tech Review & VE   1.00 LS   20,000 0 0 0 20,000 
 N214   230 1 4 Contracting & Reprographics   1.00 LS   8,000 0 0 0 8,000 
 N215   230 1 5 Engineering During Construction   1.00 LS   20,000 0 0 0 20,000 
 N216   230 1 6 Planning During Construction   1.00 LS   10,000 0 0 0 10,000 
 N217   230 1 7 Cost Engineering   1.00 LS   40,000 0 0 0 40,000 

 N3  31 Construction Management (S&I)   1.00 LS   2,431,349 0 0 0 2,431,349 
 N31 Construction Contract S&A Cost   1.00 LS   2,431,349 0 0 0 2,431,349 
 N4  99 Project Monitoring   1.00 LS   633,200 0 0 0 633,200 
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Description   Quantity UOM  DirectCost SubCMU CostToPrime PrimeCMU ContractCost  

         
Labor ID: LFL2009  EQ ID: EP07R03  Currency in US dollars TRACES MII Version 3.01

 N41 299 1 Beach Profile Survey   1.00 LS   114,500 0 0 0 114,500 
 N411  299 1 1 Survey Lines   43.00 EA   64,500 0 0 0 64,500 
 N412   299 1 2 Aerial Survey   1.00 EA   50,000 0 0 0 50,000 
 N41 299 2 Mitigation Reef Monitoring Surveys   1.00 LS   518,700 0 0 0 518,700 
 N411  299 2 1 Pre-construction Physical Survey   1.00 EA   20,000 0 0 0 20,000 
 N412   299 2 3 Post-construction Physical Surveys 1.00 LS   113,800 0 0 0 113,800 
 N412   299 2 2 Post-construction Biological Surveys 1.00 LS   384,900 0 0 0 384,900 
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Description   Quantity UOM  DirectCost SubCMU CostToPrime PrimeCMU ContractCost  

         
Labor ID: LFL2009  EQ ID: EP07R03  Currency in US dollars TRACES MII Version 3.01

 Project Direct Costs Report (Plan Level)         5,591,814 6,970,554 312,709 3,000,925 9,622,420 25,498,422 
 Locally Preferred Plan (Option 6)   1.00 LS 5,591,814 6,970,554 312,709 3,000,925 9,622,420 25,498,422 
 Construction   1.00 LS 5,591,814 6,970,554 312,709 3,000,925 6,174,871 22,050,873 
 Non-Construction   1.00 LS 0 0 0 0 3,447,549 3,447,549 

 
Project Direct Costs Report (CWBS Feature Level)         5,591,814 6,970,554 312,709 3,000,925 9,622,420 25,498,422 
 Locally Preferred Plan (Option 6)   1.00 LS 5,591,814 6,970,554 312,709 3,000,925 9,622,420 25,498,422 
 Construction   1.00 LS 5,591,814 6,970,554 312,709 3,000,925 6,174,871 22,050,873 
 A 17 Beach Replenishment   1.00 LS 5,591,814 6,970,554 312,709 3,000,925 6,174,871 22,050,873 
 Non-Construction   1.00 LS 0 0 0 0 3,447,549 3,447,549 
 N1  01 Lands and Damages   1.00 LS 0 0 0 0 70,000 70,000 
 N2  30 Planning, Engineering & Design   1.00 LS 0 0 0 0 313,000 313,000 
 N3  31 Construction Management (S&I)   1.00 LS 0 0 0 0 2,431,349 2,431,349 
 N4  99 Project Monitoring   1.00 LS 0 0 0 0 633,200 633,200 

 
Project Direct Costs Report (CWBS Sub-Feature Level)       5,591,814 6,970,554 312,709 3,000,925 9,622,420 25,498,422 
 Locally Preferred Plan (Option 6)   1.00 LS 5,591,814 6,970,554 312,709 3,000,925 9,622,420 25,498,422 
 Construction   1.00 LS 5,591,814 6,970,554 312,709 3,000,925 6,174,871 22,050,873 
 A 17 Beach Replenishment   1.00 LS 5,591,814 6,970,554 312,709 3,000,925 6,174,871 22,050,873 
 1700 Beach Replenishment   1.00 LS 5,591,814 6,970,554 312,709 3,000,925 6,174,871 22,050,873 
 A1   170017 1 Initial Nourishment   654,881.00 CY 3,812,319 4,689,813 300,218 0 4,480,368 13,282,717 
 B1   170017 2 Periodic Renourishment   210,000.00 CY 1,294,182 1,573,073 0 0 1,480,415 4,347,671 
 M2 170099 Associated General Items   1.00 LS 485,313 707,667 12,491 3,000,925 214,088 4,420,484 

 Non-Construction   1.00 LS 0 0 0 0 3,447,549 3,447,549 
 N1  01 Lands and Damages   1.00 LS 0 0 0 0 70,000 70,000 
 N41   201B00 Acquisition/Administrative   1.00 LS 0 0 0 0 70,000 70,000 
 Federal   1.00 EA 0 0 0 0 10,000 10,000 
 Non-Federal   1.00 EA 0 0 0 0 60,000 60,000 

 N2  30 Planning, Engineering & Design   1.00 LS 0 0 0 0 313,000 313,000 
 N21   230 1 Engineering & Design   1.00 LS 0 0 0 0 313,000 313,000 
 N211   230 1 1 Planning & Environmental Compliance 1.00 LS 0 0 0 0 15,000 15,000 
 N212   230 1 2 Engineering & Design   1.00 LS 0 0 0 0 200,000 200,000 
 N213   230 1 3 Engineering Tech Review & VE   1.00 LS 0 0 0 0 20,000 20,000 
 N214   230 1 4 Contracting & Reprographics   1.00 LS 0 0 0 0 8,000 8,000 
 N215   230 1 5 Engineering During Construction   1.00 LS 0 0 0 0 20,000 20,000 
 N216   230 1 6 Planning During Construction   1.00 LS 0 0 0 0 10,000 10,000 
 N217   230 1 7 Cost Engineering   1.00 LS 0 0 0 0 40,000 40,000 

 N3  31 Construction Management (S&I)   1.00 LS 0 0 0 0 2,431,349 2,431,349 
 N31 Construction Contract S&A Cost   1.00 LS 0 0 0 0 2,431,349 2,431,349 
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Description   Quantity UOM  DirectCost SubCMU CostToPrime PrimeCMU ContractCost  

         
Labor ID: LFL2009  EQ ID: EP07R03  Currency in US dollars TRACES MII Version 3.01

 N4  99 Project Monitoring   1.00 LS 0 0 0 0 633,200 633,200 
 N41 299 1 Beach Profile Survey   1.00 LS 0 0 0 0 114,500 114,500 
 N411  299 1 1 Survey Lines   43.00 EA 0 0 0 0 64,500 64,500 
 N412   299 1 2 Aerial Survey   1.00 EA 0 0 0 0 50,000 50,000 
 N41 299 2 Mitigation Reef Monitoring Surveys   1.00 LS 0 0 0 0 518,700 518,700 
 N411  299 2 1 Pre-construction Physical Survey   1.00 EA 0 0 0 0 20,000 20,000 
 N412   299 2 3 Post-construction Physical Surveys 1.00 LS 0 0 0 0 113,800 113,800 
 N412   299 2 2 Post-construction Biological Surveys 1.00 LS 0 0 0 0 384,900 384,900 
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A.5 SCHEDULE 

A.5.1 Schedule vs. Risk 

 

Calendar Work Initial Assumption
Days Days Days Days

Brevard Midrange GRR Most Likely Min Max CB Value Probability Risk occurs? Extra Days Total Days Percentile Value Most LikelyMost Likely Min Max

Conversio 0.57 -10% 50%
Brevard Midreach Days are Work Days (5 days / week) -10% 50%

Initial Renourishment - Single Contract n/a n/a n/a n/a n/a n/a n/a  
Funding in Place 0 0 65 0 10% 0 0 0 80% 0 0 0 51 Max + 90 days

Develop P&S 130 117 195 130 130 80% 180 103 92 154
BCOE Review 20 18 30 20 20 80% 30 17 15 26

AF DMM D/A Permit 150 135 225 150 150 80% 365 208 187 312
Advertise 20 18 30 20 20 80% 30 17 15 26

Political Opposition 0 0 130 0 1% 0 0 0 80% 0 0 0 103 Max + 6 months
Award 20 18 30 20 20 80% 30 17 15 26

Injunction - Y/N 0 0 130 0 1% 0 0 0 80% 0 0 0 103 Max + 6 months
Bid Protest - Y/N 0 0 65 0 5% 0 0 0 80% 0 0 0 51 Max + 90 days

Construction 130 117 195 130 130 80% 176 100 90 150
Severe Weather Event 0 0 20 0 15% 0 0 0 80% 0 0 0 51 Max + 90 days

Turtle Window Y/N 0 0 65 0 25% 0 0 0 80% 0 0 0 51 Max + 90 days
Complete n/a n/a n/a n/a n/a n/a n/a  

470 80%

Initial Renourishment - Dredging n/a n/a n/a n/a n/a n/a n/a  n/a
Funding in Place 0 0 65 0 10% 0 0 0 80% 0 0 0 51 Max + 90 days

Develop P&S 130 117 195 130 130 80% 180 103 92 154
BCOE Review 20 18 30 20 20 80% 30 17 15 26

AF DMM D/A Permit 150 135 225 150 150 80% 365 208 187 312
Advertise 20 18 30 20 20 80% 30 17 15 26

Political Opposition 0 0 130 0 1% 0 0 0 80% 0 0 0 103 Max + 6 months
Award 20 18 30 20 20 80% 30 17 15 26

Injunction - Y/N 0 0 130 0 1% 0 0 0 80% 0 0 0 103 Max + 6 months
Bid Protest - Y/N 0 0 65 0 5% 0 0 0 80% 0 0 0 51 Max + 90 days

Construction 65 59 98 65 65 80% 0 0 0
Severe Weather Event 0 0 20 0 15% 0 0 0 80% 0 0 0 51 Max + 90 days

Complete n/a n/a n/a n/a n/a n/a n/a  
Initial Renourishment -Placement n/a n/a n/a n/a n/a n/a n/a  n/a

Funding in Place 0 0 65 0 10% 0 0 0 80% 0 0 0 51 Max + 90 days
Develop P&S 130 117 195 130 130 80% 180 103 92 154

BCOE Review 20 18 30 20 20 80% 30 17 15 26
Advertise 20 18 30 20 20 80% 30 17 15 26

Political Opposition 0 0 130 0 1% 0 0 0 80% 0 0 0 103 Max + 6 months
Award 20 18 30 20 20 80% 30 17 15 26

Injunction - Y/N 0 0 130 0 1% 0 0 0 80% 0 0 0 103 Max + 6 months
Bid Protest - Y/N 0 0 65 0 5% 0 0 0 80% 0 0 0 51 Max + 90 days

Construction 65 59 98 65 65 80% 0 0 0
Severe Weather Event 0 0 20 0 15% 0 0 0 80% 0 0 0 51 Max + 90 days

Turtle Window Y/N 0 0 65 0 25% 0 0 0 80% 0 0 0 51 Max + 90 days
Complete n/a n/a n/a n/a n/a n/a n/a  

660 80%

ESTIMATED INCREMENTAL DURATIONS Random Risk Events
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A.5.2 Project Schedules with Contingency 

A.5.2.1 Initial Construction of Mid-Reach Fill 
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A.5.2.2 Periodic Nourishment of Mid-Reach Fill 
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A.6 RISK AND UNCERTAINTY ANALYSIS 

A.6.1 Risk Analysis Methods 

The risk analysis was conducted according to the procedure outlines in the manual entitled, ‘Cost 
and Schedule Risk Analysis Process,’ dated March 2008 and downloaded from the Corps’ Cost 
Center of Expertise website.  First, members of the PDT met to identify risk items, in both the 
construction cost estimate and the construction schedule.  Then, the Risk Register was 
completed.  After that, the Risk Model was customized using commercially available ‘Crystal 
Ball’ software.  ‘Most likely,’ ‘high,’ and ‘low’ values were assigned to estimate items using the 
software’s ‘Assumption’ function and the triangular distribution.  ‘Forecasts’ were defined and 
the model run. 
 
For the features costed by the Corps it is assumed that the work will be performed by a prudent 
contractor at a fair and reasonable cost.  While the cost estimate analyzed in the risk analysis 
may contain adjustments due to quotations on direct and indirect costs, it contains no separate 
adjustment due to competitiveness or bid strategies (ETL 1110-2-573, 30 Sep 2008).  Market 
conditions such as the current price of fuel are included in the estimate. 
 
After the model was run the results were documented by extracting the sensitivity chart, the 
forecast chart and the percentiles table for major items.  The percentiles were used to determine 
the contingency at the 80% confidence level.  At this time, risk reduction efforts were discussed 
within the Engineering PDT for further discussion. 
 
The appropriate contingencies were then applied to the MCACES/MII estimate for the NED and 
Locally Preferred Plans, producing the ‘After Risk Analysis’ cost estimate contained herein.  
Upon completion of this estimate the Total Project Cost Summary was prepared. 
 
A.5.2  Risk analysis results 

Results of the risk analysis are shown below cover only the NED Plan but were applied equally 
to both the NED and Locally Preferred Plans as contingency percentages since the scope of both 
plans are basically the same other than slight variations in beach fill placement and select 
reaches.  First, the risk register is presented.  Then, results are given for each cost item examined.  
For each major item studied, the results include 1)a sensitivity chart, 2)a forecast chart, 3)a 
percentile table including the most likely cost and contingencies and 4)an S-curve chart (only 
developed for Corps-constructed features).  Finally, a table is shown providing contingencies.  
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A.5.2.1  Risk register 

Risk 
No. Risk/Opportunity Event Discussion and Concerns 

Project Cost Project Schedule 

Distribution

Initial 
Only 

Responsibility/POC 

Affected 
Project 

Component 
Project 

Implications Likelihood* Impact*
Risk 

Level* Likelihood* Impact*
Risk 

Level* 
or 

Recurring 

Internal Risks (Internal Risk Items are those that are generated, caused, or controlled within the PDT’s sphere of influence.) 

CO-1 
Placement of marine mats in surf 

zone 

May require special / proprietary equipment 
or contractor, or extra precautions / special 

methods to ensure safety. Unlikely Significant Moderate n/a n/a n/a   R Construction Division Construction Cost Cost  

CO-2 Availability of staging areas Impacts contractor’s operations Very Unlikely Significant Low n/a n/a n/a   R Construction Division Construction Cost Cost  

CT-1 

Acquisition strategy (multiple or 
single contracts for repetitive 

project implementation) 
Increased cost / time to implement multiple 

awards  Unlikely Significant Moderate Unlikely Significant Moderate   R Contracting Division Construction Cost Cost & Schedule 

CT-4 
Acquisition type, IFB, RFP, IDIQ, 

8a, etc 
Impacts effort in award, some contract 
vehicles more conducive to lower cost Very Unlikely Significant Low n/a n/a n/a   R Acquisition Strategy Board Construction Cost Cost  

CT-5 Acquisition Plan 

The estimate was based on full and open competition, 
with minimal tiering of contractor subs.  The Acq Plan has 

not been finalized, therefore there is a potential for 
additional tiering of the contracts. Very Unlikely Significant Low n/a n/a n/a   R Acquisition Strategy Board Construction Cost Cost  

 
 
 

DP/CT-
2 Project Component Sequencing 

Subsequent project execution, if separate 
contracts for each renourishment (dredge / 

placement) n/a n/a n/a Unlikely Significant Moderate   R 
Project Manager/Planner/ 

Contracting Project Schedule Schedule 
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Risk 
No. 

Risk/Opportunity 
Event 

Discussion and 
Concerns 

Project Cost Project Schedule 

Distribution 

Initial Only 

Responsibility/POC 
Affected Project 

Component 
Project 

Implications Likelihood* Impact* 
Risk 

Level* Likelihood* Impact* 
Risk 

Level* or Recurring 

Internal Risks (Internal Risk Items are those that are generated, caused, or controlled within the PDT’s sphere of influence.) 

 
 
 

DP-4 Scope Definition 

Scope is well defined, 
There is little likelihood 
of scope increase or 

changes from the current 
documents used for 

estimate development Very Unlikely Critical Low n/a n/a n/a   I Project Manager/Planner Construction Cost Cost  

EC-1 
Production Estimates, 

dredging 
Unit price per cubic 

yard. Likely Marginal Moderate n/a n/a n/a   R Cost Engineering 
Equipment/Production 

Rates Cost    

EC-4 
Awardable range 

increase 

An additional 15% 
above the 

approximate 10% 
profit Likely Significant High n/a n/a n/a   R Cost Engineering Funding Cost    

ED-1 Quantity Estimates 
Quantity over / 

under runs Likely Marginal Moderate n/a n/a n/a   R Design Branch Construction Cost Cost  

EG-1 /   
EH-2 

Availability of suitable 
beach quality sand 

Need to develop 
alternate sources 

(See EH-2) Very Unlikely Marginal Low n/a n/a n/a   R 
Geotechnical / H&H 

Branch Construction Cost Cost  

EH-1 
Modeling Accuracy of 

Marine Mats 

May need to 
replace or upgrade 

mats Unlikely Marginal Low n/a n/a n/a   R H&H Brtanch Construction Cost Cost  

EH-3 
Behavior of fill, impact 

to near shore rock 
Varying quantity of 

reef to construct Unlikely Significant Moderate n/a n/a n/a   R H&H Brtanch Construction Cost Cost  
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Risk 
No. 

Risk/Opportunity 
Event 

Discussion and 
Concerns 

Project Cost Project Schedule 

Distribution 

Initial Only 

Responsibility/POC

Affected 
Project 

Component 
Project 

Implications Likelihood* Impact* 
Risk 

Level* Likelihood* Impact* 
Risk 

Level* or Recurring 

Internal Risks (Internal Risk Items are those that are generated, caused, or controlled within the PDT’s sphere of influence.) 

LS-1 

Truck Haul Working 
hours: Sunrise to 

sunset, 7 days per 
week.    

Reducing the 
available hours 
would increase 
project duration. 

Has never 
interfered with 
accomplishing 

identical work in 
past (2005-08), 

where over 
500,000 cy have 

been placed in less 
than 5 months, 

working daylight 
hours only, 6 to 7 

days/wk. Unlikely Negligible Low Unlikely Negligible Low   R Sponsor 
Project Cost & 

Schedule Cost & Schedule 

LS-2 Site Access points.   

Reduced number 
of access points 
increases haul 

distance on beach.  
Access points are 
on public land so 

are likely to remain 
available. Unlikely Marginal Low n/a n/a n/a   R Sponsor Project Cost Cost  

LS-3 

Community 
restrictions on truck 
hauling from D/A to 

beach access points. 

Reduces available 
routes available to 

contractor(s).  
Routes are on state 
roads so restriction 

very unlikely. Very Unlikely Significant Low n/a n/a n/a   R Sponsor Project Cost Cost  

LS-4 
Local Sponsor 

Funding Stream 

Ability to cost share 
on subsequent 

renourishments.  
Local dedicated 

funding stream is 
identified. n/a n/a n/a Unlikely Critical Moderate   R Sponsor Project Schedule Schedule 

LS-5 

D/A Access 
restrictions due to 

security shutdowns 
(USAF) 

Delays contractor 
during construction Unlikely Critical Moderate Unlikely Critical Moderate   R Sponsor 

Project Cost & 
Schedule Cost & Schedule 
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Risk 
No. 

Risk/Opportunity 
Event 

Discussion and 
Concerns 

Project Cost Project Schedule 

Distribution 

Initial Only 
Responsibility/PO

C 

Affected 
Project 

Component 
Project 

Implications Likelihood* Impact* 
Risk 

Level* Likelihood* Impact* 
Risk 

Level* or Recurring 

Internal Risks (Internal Risk Items are those that are generated, caused, or controlled within the PDT’s sphere of influence.) 

LS-
RE-2 Land Acquisition  

Number of 
acquisitions 

unknown. Unwilling 
sellers may force 

condemnation 
proceedings. Likely Crisis High Likely Crisis High   I Real Estate - Sponsor 

Project Cost & 
Schedule Cost & Schedule 

LS-
RE-3 

Mineral Management 
Services 

Need MMS 
permission to mine 

offshore borrow 
areas.  Permit 

acquisition may be 
delayed or denied. Unlikely Crisis High Unlikely Crisis High   I Real Estate - Sponsor 

Project Cost & 
Schedule Cost & Schedule 

LS-
RE-4 

FDEP Consent of use 
of lands below MHW 

Acquiring State 
Permit may result 

in delays n/a n/a n/a Unlikely Crisis High   I Real Estate - Sponsor Project Schedule Schedule 

OC-1 

Obtaining 
Cooperative 
agreements. 

Delay in project 
implementation n/a n/a n/a Unlikely Marginal Low   I  Counsel Project Schedule Schedule 

PN-2 

Establishment of 902 
limit, inflation in 

excess of escalation 
Project exceeds 

authorized funding Unlikely Marginal Low n/a n/a n/a   I PD-PN Project Cost Cost 

RE-1 

Air Force Permit for 
Stockpile in DMMA 

D/A 

No area for 
offloading dredges 

and dewatering 
material. n/a n/a n/a Very Unlikely Crisis High   R Real Estate Project Schedule Schedule 
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Risk 
No. 

Risk/Opportunity 
Event 

Discussion and 
Concerns 

Project Cost Project Schedule 

Distribution 

Initial Only 

Responsibility/POC 

Affected 
Project 

Component 

Project 
Implication

s Likelihood* Impact* 
Risk 

Level* Likelihood* Impact* 
Risk 

Level* or Recurring 

External Risks (External Risk Items are those that are generated, caused, or controlled exclusively outside the PDT’s sphere of influence.) 

CT-6 Bidding Climate  

Severe Economic 
Swings can increase / 
decrease number of 

potential bidders. Likely Significant High n/a n/a n/a   R Acquisition Professional Construction Cost Cost 

CT-3 Bid Protests 
Delay in project 

execution. n/a n/a n/a Unlikely Significant Moderate   #REF! Contracting Dvsion Project Schedule Schedule 

DP-1 Funding Stream 

Delay in execution 
of project 

components n/a n/a n/a Unlikely Significant Moderate   R Project Manager/Planner Project Schedule Schedule 

DP-3 
Project Review and 

Authorization delays. 

Delay in execution 
of project 

components n/a n/a n/a Unlikely Marginal L   R Project Manager/Planner Project Schedule Schedule 

EC-1 Weather 

Severe weather causing 
damage to project during 

construction. Likely Marginal Moderate Likely Marginal Moderate   R Cost Engineering 
Labor/Production 

Rates Cost & Schedule 

EC-2 Dredge Availability 

Dredge may have 
to come from 
further away, 

increasing 
mobilization costs 

or size / type of 
equipment 
available. Likely Significant High n/a n/a n/a   R Cost Engineering Equipment Cost    

EC-3 Fuel Prices 

$3.60 per gallon was 
used in the Dec 08 MII, 

increases will effect 
equipment operating 

costs. Very Likely Significant High n/a n/a n/a   R Cost Engineering Equipment Cost    

EC-5 Labor Availability 

 Labor Prices are fixed 
by Davis Bacon wage 

rates.  Labor availability 
is subject to bidding 

climate. Very Unlikely Marginal Low n/a n/a n/a   R Cost Engineering 
Labor/Production 

Rates Cost 

OC-1 
Political 
Support/Opposition 

Project is highly visible.  
Delays due to political 

ramifications are 
possible and could delay 

the work. n/a n/a n/a Unlikely Significant Moderate   R Counsel Project Schedule Schedule 

OC-2 Court injunctions. 
Delay in project 
implementation n/a n/a n/a Very Unlikely Crisis High   R Counsel Project Schedule Schedule 
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Risk 
No. 

Risk/Opportunity 
Event 

Discussion and 
Concerns 

Project Cost Project Schedule 

Distribution 

Initial Only 
Responsibility/PO

C 

Affected 
Project 

Component 

Project 
Implication

s Likelihood* Impact* 
Risk 

Level* Likelihood* Impact* 
Risk 

Level* or Recurring 

External Risks (External Risk Items are those that are generated, caused, or controlled exclusively outside the PDT’s sphere of influence.) 

PE-1 

Sea Turtle Nesting; 
Construction Window 

15 Nov - 1 May 

Limits Placement 
Operations during 
the construction 

period Very Likely Marginal Moderate Very Likely Marginal Moderate   R Planning Environmental 
Project Cost & 

Schedule Cost & Schedule 

PE-2 

Hardbottom 
Mitigation; Quantify 

the area of reef 
impacts 

Changes the 
amount (area) of 

mitigation required. 
Impacts 

subsequent re-
nourishment 
operation. Unlikely Significant Moderate n/a n/a n/a   I Planning Environmental Project Cost Cost 

PE-3 

Gopher Tortoise 
Nesting at Canaveral 
West Dump Site, With 

/ without tortoise 
fence 

Varying numbers of 
tortoise that would 

need to be 
relocated prior to 
operations in the 

D/A Very Likely Marginal Low n/a n/a n/a   R Planning Environmental Project Cost Cost 

PN-1 ASA Approval 
Delay of project 
implementation n/a n/a n/a Unlikely Significant Moderate   I PD-PN Project Schedule Schedule 

PEC-1 
Economic Changes to 

Benefits 

Need to 
Periodically Re-

evaluate benefits Unlikely Significant Moderate n/a n/a n/a   R Planning Economics Project Cost Cost 
 
 
*Likelihood, Impact, and Risk Level to be verified through market research and analysis (conducted by cost engineer). 

1.  Risk or opportunity identified with reference to the Risk Identification Checklist and through deliberation and study of the PDT. 

2.  Discussions and Concerns elaborate on Risk/Opportunity Events and includes any assumptions or findings (should contain information pertinent to eventual study and analysis of event’s impact to project). 

3.  Likelihood is a measure of the probability of the event occurring—Very Unlikely, Unlikely, Moderately Likely, Likely, Very Likely.  Likelihood of the event is the same for both Cost and Schedule. 

4.  Impact is a measure of the event’s effect on project objectives with relation to scope, cost, and/or schedule—Negligible, Marginal, Significant, Critical, or Crisis.  Impacts on Project Cost may not be the same for impacts on Project Schedule. 

5.  Risk Level is the resultant of Likelihood and Impact Low, Moderate, or High. 

6.  Distribution refers to the behavior of the individual risk item with respect to its potential effects on Project Cost and Schedule.  For example, an item with clearly defined parameters and a solid most likely scenario would probably follow a triangular 

7.  The responsibility or POC is the entity responsible as the Subject Matter Expert (SME) on the PDT for the identified risk or opportunity. 

8.  Affected Project Component identifies the specific item of the project to which the risk directly or strongly correlates. 
9.  Project Implications identifies whether or not the risk item affects project cost, project schedule, or both.  The PDT is responsible for conducting studies for both Project Cost and for Project 
Schedule.    
10.  Results of the risk identification process are studied and further developed by the Cost Engineer, then analyzed through the Monte Carlo Analysis Method for Cost (Contingency) and Schedule (Escalation) 
Growth.   
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A 5.2.2 Risk Analysis of Construction Features 

 Initial Construction of Mid-Reach Beach Fill Segment (NED and Locally Preferred Plans) 

 

Total Contract Costs 

Percentile 
0% 

10% 
20% 
30% 
40% 
50% 
60% 
70% 
80% 
90% 

100% 

$ 

'#. 
0 
0 ..... 

::R 0 

0 

'#. 
0 
0 ..... 
' 

15,057,714.66 

Forecast values 
$ 12,549,665 
$ 14,617,894 
$ 15,159,511 
$ 15,586,557 
$ 15,971,424 
$ 16,344,297 
$ 16,726,405 
$ 17,141 ,353 
$ 17,629,019 
$ 18,295,918 
$ 22,305,181 

Forecast values 
$ 12,550 
$ 14,618 
$ 15,160 
$ 15,587 
$ 15,971 
$ 16,344 
$ 16,726 
$ 17,141 
$ 17,629 
$ 18,296 
$ 22,305 

Brevard Midrange: NED Plan No. 19 
Contingency Analysis, Dollars x $1000 

$17,141 

Contingency 
-17% 

-3% 
1% 
4% 
6% 
9% 

11% 
14% 

17%1 
22% 
48% 

48% 

0 

$17,629 $18,296 $22,305 
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• '>Positivity: TotalContractCosts forNED-1Q ~~~~ 
~d<t '1jew ~ensitivity er~forenc~• t!elp 

3,000Tr>olo 

Hopper Dr!ldgeto DMMA 

Spread & Or~de S..nd 

Load.tlac.i Stockpile S..nd 

EQUir>ment Moll/ Demob 

Poseidon DMMA Prep Work 

Tortoise Fence 

:F 
0 .1:ll. 

Brevard Midreach NED-19 1nt CRA 

25.4'11. 

Contribution to V afi~c V'icw 

Sensitivity: Total Contract Costs for NED--19 

?01!"1. 

I 
1110~ 

I 

NED19 RA Results 

4011% 

I 
~nil% 

I 
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 Cost Evaluation for. Brevard Midreach 

NED Plan No. 19 

Lower Bound Expected Value Upper Bound Expected Value 

~ Contract U/P contract U/P Contract U/P Contract Cost Percentage Greater 
Description QTY UOM of Total than 1.0% 

Cont. Cost ofTCC? 

Initial Nourishment 

1 Equipment Mob I Dem ob 1 LS $ 741,374.00 $ 899,168.00 $ 1,083,178.00 $ 899,168.00 5.97% Yes 

2 Poseidon DMMA Prep WorK 1 LS $ 149,716.00 $ 220,148.00 $ 331.429 00 $ 220,148.00 1.46% Yes 

3 Tortoise Fence 7700 LF $ 51.84 $ 58.32 $ 68.41 $ 449,064.00 2.98% Yes 

4 Traffic Control 6.9 MO $ 13,378.00 $ 16.024.00 $ 19,139.00 $ 110,565.60 0.73% No 
R1 1.56 
R2 1.14 
R3 1.7 
R4 0.14 
R5 2.17 
R6 0.19 

5 Hopper Dredge to DM MA 530149 CY $ 7.30 $ 9.83 $ 14.84 $ 5,211,364.67 34.61% Yes 
R1 147972 
R2 84068 
R3 161793 
R4 15219 

R5 103220 
R6 17877 

6 Load/Haul StocKpile Sand 530149 CY $ 6.71 $ 8.03 $ 9.59 $ 4,257,096.47 28.27% Yes 
R1 147972 
R2 84068 
R3 161793 
R4 15219 
R5 103220 
R6 17877 

7 spread & Grade Sand 530149 CY $ 6.08 $ 7.18 $ 10.39 $ 3,806,469.82 25.28% Yes 
R1 147972 
R2 84068 
R3 161793 
R4 15219 
R5 103220 
R6 17877 

8 End. species M on 6.9 MO $ 12,564.00 $ 15,049.00 $ 17,974.00 $ 103,838.10 0.69% No 
R1 1.56 
R2 1.14 
R3 1.7 
R4 0.14 
R5 2.17 
R6 0.19 

Total Contract Costs li 15,057,714.661 

TCC Mil $ 15,048,388.00 
delta $ 9,326.66 0.06% 

Risk Threshold of TCC 1.00% % li 150,577.151 
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Periodic Renourishment of Mid-Reach Beach Fill Segment (NED Plan No. 19) 

 

Total Contract Costs $ 

'$. 
0 
0 .,... 
' 

$3 

4,525,113.81 

Percentile Forecast values 
0% $ 3,801 ,525 

10% $ 4,387,587 
20% $ 4,544,376 
30% $ 4,668,388 
40% $ 4,780,393 
50% $ 4,889,097 
60% $ 5,000,664 
70% $ 5,121 ,992 
80% $ 5,264,787 
90% $ 5,460,375 

100% $ 6,640,931 

Brevard Midreach PerRen lnt CRA 

Fore cast values 
$ 3,802 
$ 4,388 
$ 4,544 
$ 4,668 
$ 4,780 
$ 4,889 
$ 5,001 
$ 5,122 

$ 5,265 
$ 5,460 
$ 6,641 

Brevard Midrange: Periodic Renourishrnent 
Contingency Analysis, Dollars x $1000 

$4,780 $4,889 $5,001 $5,122 

Contingency 
-16% 

-3% 
0% 
3% 
6% 
8% 

11% 
13% 

16%1 
21% 
47% 

Contingency Analysis 

47% 

$5,265 $5,460 $6,641 

3/10/2009 
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Cost Evaluation for. Brevard Midreach 
Periodic Renourishment 

Lower Bound Expected Value Upper Bound Expected Value 

~ Contract U/P contract U/P Contract U/P Contract Cost Percentage Greater 
Description QTY UOM of Total than 1.0% 

Cont. Cost ofTCC "? 

Initial Nourishment 

1 Mob 1 Demob 1 Prep 1 LS 464418 $ 554.862 00 $ 691,220.00 $ 554,862.00 12.26% Yes 

2 Traffic Control 4.31 MO $ 13,378.00 $ 16,024.00 $ 19,139.00 $ 69,063.44 1.53% Yes 
R1 0.71 
R2 0.34 
R3 0.58 
R4 0.28 
R5 0.9 
R6 1.5 

3 Hopper Dredge to DMMA 153246 CY $ 7.30 $ 9.82 $ 14.84 $ 1,505,455.52 33.27% Yes 
R1 33609 
R2 16050 
R3 27524 
R4 15219 
R5 42967 
R6 17877 

4 Load/Haul Stockpile Sand 153246 CY $ 6.71 $ 8.03 $ 9.59 $ 1 ,230,565.38 27.1 9% Yes 
R1 33609 
R2 16050 
R3 27524 
R4 15219 
R5 42967 
R6 17877 

5 spread & Grade Sand 153246 CY $ 6.08 $ 7.18 $ 10.39 $ 1 '1 00,306.28 24.32% Yes 
R1 33609 
R2 16050 
R3 27524 
R4 15219 
R5 42967 
R6 17877 

6 End. Species Man 4.31 MO $ 12,564.00 $ 15,049.00 $ 17,974.00 $ 64,861.19 1.43% Yes 
R1 0.71 
R2 0.34 
R3 0.58 
R4 0.28 
R5 0.9 
R6 1.5 

Total Contract Costs I i 4,525,113.81 1 

TCC Mil $ 4,525,959.00 
delta $ (845.19) -0.02% 

Risk Threshold of TCC 1.00% % I i 45,251 .141 
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Critical 
Elem.? 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Risk Model For: 

WBS Risk Name 

Mob I Demob I Prep 

2 T raffle Control 

3 Hopper Dredge to DMMA 

4 Load!H au I Stockpile Sand 

5 Spread & Grade Sand 

6 End. Species Mon 

Brevard Midreach 

Quantity UOM 

1 LS 
1 LS 

4.31 MO 
4.3 MO 

153246 CY 
153246 CY 

153246 CY 
153246 CY 

153246 CY 
153246 CY 

4.31 MO 
4.3 MO 

Assumption 
Definitions 

Total Contract Costs for Periodic Renourishment 

Check de ~a= $0 

Periodic Renourishment 

Direct 
Contract Cost 

Lower 
Bound 

$554,862 $ 464.41800 
1 

$ 464,418 

$69,063 $ 13,378.00 
4 

$ 51 ,893 

$1 ,505,456 $ 7.30 
137,921 

$ 1 ,007,459 

$1 ,230,565 $ 6.71 
137,921 

$ 1 ,028,281 

$1 ,100,306 $ 6.08 
137,921.40 

$ 838,562 

$64,861 $ 12,564.00 
4 

$ 48,736 

4,525,114 

$0 OK 

Co pntract UJP 
Expected 
Value 

$ 554,86200 
$ 55~ .862.00 

$ 16,024.00 
$ 16,024.00 

$ 9.82 
$ 9.82 

$ 8.03 
$ 8.03 

$ 7.18 
$ 7.18 

$ 15,049.00 
$ 15,049.00 

Upper 
Bound 

$ 691,220.00 
1 

$ 691,220 

$ 19,139.00 
5 

$ 94,862 

$ 14.84 
176,233 

$ 2,615,748 

$ 9.59 
176,233 

$ 1 ,469,629 

$ 10.39 
176 ,232.900 

$ 1 ,831 ,060 

$ 17,974.00 
5 

$ 89,088 

Variation Variation Magnitude of 
Lower,% Upper,% Variation 

16% 25% $226,802 
0% 0% $0 

17% 19% $24,830 
10% 15% $17,266 

26% 51% $1 ,155,164 
10% 15% $376,364 

16% 19% $441 ,348 
10% 15% $307,641 

15% 45% $660,490 
10% 15% $275.077 

17% 19% $23,317 
10% 15% $16,215 

Cumulative 
Magnitude of 
Variation 

$42,096 

$1 ,531 ,528 

$441 ,348 

$935,567 

$39,532 

Std Dev
Cum Mag 
div by 6 Distribution 

Triangular 
Scale 

$7,016 

Triangular 

$255,255 

Triangular 

$73,558 

Scale Triangular 
$155,928 

Scale 
$6,589 
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Offshore Mitigation Reef for Mid-Reach 
 

Total Contract Costs 

Percentile 
0% 

10% 
20% 
30% 
40% 
50% 
60% 
70% 
80% 
90% 

100% 

$ 

::R 0 
0 
0 

::R 0 
0 

'#. 
0 
0 ...... 

I 

5,591,972.32 

Forecast values 
$ 4,359,958 
$ 5,078,272 
$ 5,294,900 
$ 5 ,467,702 
$ 5,624,142 
$ 5,775,817 
$ 5,930,909 
$ 6,098,444 
$ 6,293,471 
$ 6,555,436 
$ 7 ,805,547 

Forecast values 
$ 4,360 
$ 5,078 
$ 5,295 
$ 5,468 
$ 5,624 
$ 5,776 
$ 5,931 
$ 6,098 
$ 6,293 
$ 6,555 
$ 7,806 

Brevard Midrange: Offshore Mitigation Reef 
Contingency Analysis, Dollars x $1000 

Contingency 
-22% 

-9% 
-5% 
-2% 
1% 
3% 
6% 
9% 

13%1 
17% 
40% 

40% 
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Cost Evaluation for. Brevard Midreach 
Offshore Mitigation Reef 

Lower Bound Expected Value Upper Bound Expected Value 
l!l!§§. Contract UIP contract UIP Contract UIP Contract Cost Percentage Greater 

Description QTY UOM of Total than 1.0% 
Cont. Cost otTCC? 

Initial Nourishment 

1 Mob 1 Demob 1 Prep 1 LS 173055 $ 190,036.00 $ 212,977.00 $ 190,036.00 340% Yes 

2 Artie ulated Cone Mattress 1632 EA 2010.01 $ 2,429.00 $ 2,897.11 $ 3,964,128.00 70.89% Yes 

3 ACM Placement 1632 EA 666.83 $ 881.01 $ 1,097.68 $ 1,437,808.32 25.71% Yes 

Total Contract Costs li 5,591,972.321 

TCCMII $ 5,591 ,372.00 
delta $ 600.32 0.01% 

Risk Threshold ot TCC 1.00% % li 55,919.721 
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Critical 
Elem.? 

Yes 

Yes 

Yes 

Risk Model For: 

WBS Risk Name 

Mob I Demob I Prep 

2 Articulated Cone Mattress 

3 ACM Placement 

Brevard Midreach 

Quantity UOM 

1 LS 
1 LS 

1632 EA 
1632.0 EA 

1632 EA 
1632 EA 

Assumption 
Definitions 

$190,0 

Total Contract Costs for Offshore Mitigation Reef 

Check deb a= $0 

Offshore Mitigation Reef 

Direct 
Contract Cost 

Lower 
Bound 

$190,036 $ 173.05500 
1 

$ 173,055 

$3,964,128 $ 2,010.01 
1 ,469 

$ 2,952,303 

$1 ,437,808 $ 666.83 
1 ,469 

$ 979,440 

$ 5,591,972 

$0 OK 

Copntract UIP 
Expected 
Value 

$ 190.03600 
$ f90,03600 

$ 2,429.00 
$ 2,429.00 

$ 88'1.01 
$ 881 .01 

Upper 
Bound 

$ 212,977.00 
1 

$ 212,977 

$ 2,897.11 
1,877 

$ 5,437,296 

$ 1,097.68 
1,877 

$ 2,060 ,1 26 

Variation Variation Magnitude of 
Lower,% Upper, % Variation 

9% 12% $39,922 
0% 0% $0 

17% 19% $1 ,447 ,7 47 
10% 15% $991 ,032 

24% 25% $703,147 
10% 15% $359,452 

Cumulative 
Magnitude of 
Variation 

$2,438,779 

$1 ,062,599 

Std Dev
Cum Mag 
div by 6 Distribution 

Triangular 
Scale 

$406,463 

Triangular 

$177,100 
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External Risk Analysis Results 
 

Total Contract Costs 

Percentile 
0% 

10% 
20% 
30% 
40% 
50% 
60% 
70% 
80% 
90% 

100% 

$ 

::!: 0 
0 
0 
T"" 

::!: 0 
0 

::!: 0 
0 
0 
";" 

29,001 ,195.91 

Forecast values 
$ 25,789,153 
$ 29,583,427 
$ 30,754,857 
$ 31,594,577 
$ 32,316,542 
$ 33,066,991 
$ 33,794,530 
$ 34,652,636 
$ 35,589,677 
$ 37,011 ,264 
$ 42,849,119 

Forecast values 
$ 25,789 
$ 29,583 
$ 30,755 
$ 31 ,595 
$ 32,317 
$ 33,067 
$ 33,795 
$ 34,653 
$ 35,590 
$ 37,011 
$ 42,849 

Brevard Midrange: Total Project Cost 
Contingency Analysis, Dollars x $1000 

$33,067 $33,795 $34,653 $35,590 $37,011 

Contingency 
-11 % 

2% 
6% 
9% 

11% 
14% 
17% 
19% 

23%1 
28% 
48% 

48% 

$42,849 
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 • Sensitivity: Sensitivity: Total Project Cost Excluding Escalation ~@[R] 

3,000 Tri~ Cortlibution to Vllliance Voew 

Sensitivity: Total Project Cost Excluding Escal<lion 

-4.U'lb 

ln~IAI C.m.;ruNinn (NFI) P 

CoM'Iruc:tlon M•M9&mt'nl (7%) 

EngiMorlng a D•<ign (~ of,_ 

Engineering Dunng Conclruo. _ 

Awarcloblo Rongo lnorcooo Rl. .. 

Awotdoblc Range lncroooc 

Ott~t-.orc Reef CoMtruetlon 

severe weatner Damage (O - •.. 

1st Kenourrst>rnent 

Increased Cost due to MulL_ 

tnerease f Decrease No. Bi<L 

Sea Turtle Nesting Delays 

Dredge Avalabilky 

DIA Access RestriclloM f S ... 

DredQe Avallal:>lltv Risk oc ... 

Perlodicaly Re-evaluate Be ... 
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A.7 TOTAL PROJECT COST SUMMARY 

The Total Project Cost Summary (TPCS) addresses inflation through project completion 
(accomplished by escalation to mid-point of construction per ER 1110-2-1302, Appendix C, 
Page C-2). It is based on the scope of the SAP and the official project schedule.  The TPCS 
includes Federal and non-Federal costs for lands and damages, all construction features, PED, 
and S&A, along with the appropriate contingencies and escalation associated with each of these 
activities.  The TPCS is formatted according to the WBS and uses Civil Works Construction 
Cost Indexing System factors for escalation (EM 1110-2-1304) of construction costs and Office 
of Management and Budget (EC 11-2-18X, 20 Feb 2008) factors for escalation of PED and S&A 
costs. 
 
The Total Project Cost Summary prepared using the MCACES/MII cost estimate on the 
Recommended Plans with contingencies set by the risk analysis (and the exceptions as described 
above) and the official project schedule.  In performing the risk analysis by meeting with the 
PDT to discuss the construction schedule to prepare the risk register, a schedule was derived that 
is slightly different from the official schedule in that it has slightly shorter construction duration.  
A risk analysis was run on that schedule taking into consideration variations in construction 
duration, authorization date and appropriation date,  and yet a third schedule developed, this one 
based on the risk analysis results at the 80% confidence level. A TPCS (Figure X+1) was 
prepared using this schedule as well. These timelines and costs are summarized in Table 18. 
They show the impact of delayed authorization and appropriation on the fully funded cost despite 
a slightly shorter construction duration. 
 
The Cost Risk Analysis based total project contingency of 23 percent determined under the 
External Risk analysis in was applied to the Total Project Cost Summary along with the 
contingency adjusted total project schedule presented in Table B.5.3. 
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•••• TOTAL PROJECT COST SUMMARY •••• 

PROJECT: 
LOCATION: 

SHORE PROTECTION PROJECT. MID-REACH 
BREVARD COUNTY. FLORIDA 

This Estimate reflects the scope and schedule in report; GENERAL REEVALU TION REPORT- NED PLAN (NO. 19) 

WBS Civil Works COST CNTG CNTG TOTAL 

.t::I..!.!.M.aE Ei~t'u[i & Sub:Eii11U[i Ci~gigliQD _,(iK,L _,(iK,L ~ _,(iK,L 

A B c D E F 

17 BEACH REPLENISHMENT 114,538 26,344 23% 140,881 
X 

X 
X 

X 

CONSTRUCTION ESllMATE TOTALS: 114,538 26,344 140,881 

01 LANDS AND DAMAGES 1.190 274 23% 1.464 

30 PLANNING, ENGINEERING & DESIGN 5,321 1,224 23% 6,545 

31 CONSTRUCTION MANAGEMENT 12,201 2,806 23% 15,007 

PROJECT COST TOTALS: 133,250 30,647 23% 163,897 

--------------- CHIEF, COST ENGINEERING, Tracy Leeser, P.E. 

PROJECT MANAGER, Osvaldo Rodriguez, P.E. 

Filename: TPCS-Brevard Co Mid-Reach GRR NED PLAN 080410 BCB Revised.xls 
TPCS 

Program Year (Budget EC): 
Effective Price Level Date: 

ESC COST CNTG 

~ _,(iK,L _,(iK,L 

G H I 

0.8% 115425.2 26547.8 

0.8% 115425.2 26547.8 

0.8% 1199.2 275.8 

0.8% 5362.2 1233.3 

0.8% 12295.4 2828.0 

0.8% 134282.1 30884.9 

Printad:8/412010 
Page 1 of 10 

DISTRICT: SAJ PREPARED: S/17/2/JlO 
POC: CHIEF. COST ENGINEERING. Tracy Leeser. P.E. 

201 1 

1 OCT10 FULLY FUNDED PROJECT ESTIMATE 
Spent Thru: 

TOTAL 1-0ct-09 COST CNTG 
_!1iQ_ _,(iK,L _!1iQ_ _(ID_ 

J K L M N 

141973.0 157660.8 36262.0 

141973.0 157660.8 36262.0 

1475.0 1655.4 380.7 

6595.5 7425.9 1708.0 

15123.4 16739.2 3850.0 

165167.0 183481.2 42200.7 

ESTIMATED FEDERAL COST: 
EST IMATED NON-FEDERAL COST: 

ESTIMATED T OTAL PROJECT COST : 

FULL 
_!1iQ_ 

0 

193922.8 

193922.8 

2036.1 

9133.8 

20589.2 

225681.9 

121,868 
103,814 

225,68 2 

k3pdpecd
Typewritten Text

k3pdpecd
Typewritten Text
A.8 	TOTAL PROJECT COST SUMMARY WITH COST RISK ANALYSIS, CONTINGENCY AND SCHEDULE         ANALYSIS ESCALATION (NED)
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****TOTAL PROJECT COST SUMMARY**** 

"** CONTRACT COST SUMMARY •••• 

PROJECT: SHORE PROTECTION PROJECT, MID-REACH 
LOCATION: BREVARD COUNTY, FLORIDA 
This Estimate reflects the scope and schedule in report; GENERAL REEVALUTION REPORT- NED PLAN (N0.19) 

Estimate Prepared: 27-Mar-10 
Effective Price Level: 1 OCT 10 

WBS Civil Works COST CNTG 

NUMBER Feature & Sub-Feature Descri11tion __ruL_ __ruL_ 
A B c D 

Contract #1 - lnitital Fill & Offshore Reef Mitigation 

17 BEACH REPLENISHMENT $ 23,352 $ 5,371 

X $ $ 

X $ 

X $ $ 

X $ $ 

CONSTRUCTION ESTIMAlE TOTALS: 23,352 5,371 

01 LANDS AND DAMAGES $ 70 $ 16 

30 PLANNING, ENGINEERING & DESIGN 

2.5% Project Management $ 

2.0% Planning & Environmental Compliance $ 15 $ 
8.5% Engineering & Design $ 200 $ 46 

2.0% Engineering Tech Review ITR & VE $ 20 $ 5 

2.0% Contracting & Reprographics $ 8 $ 
3.0% Engineering During Construction $ 20 $ 

2.0% Planning During Construction $ 10 $ 

2.0% Cost Engineering $ 40 $ 
$ 

31 CONSTRUCTION MANAGEMENT 

10.0% Construction Management $ 1,985 $ 457 

2.0% Project Operation: $ 633 $ 146 

2.5% Project Management $ 

CONTRACT COST TOTALS: 26,353 6,061 

Filename: TPCS-Brevard Co Mid-Reach GRR NED PLAN 080410 BCB Revised.xls 
TPCS 

Program Year (Budget EC): 
Effective Price Level Date: 

CNTG TOTAL ESC COST CNTG 

__f'& __ruL_ __f'& __ruL_ __ruL_ 
E F G H 

23% $ 28,722 0.8% 23532.5 5412.5 

23% $ 

23% $ 

23% $ 

23% $ 

23% 28,722 23532.5 5412.5 

23% $ 86 0.8% 70.5 16.2 

23% 

23% 18 0.8% 15.1 3 .5 

23% 246 0.8% 201.5 46.4 

23% 25 0.8% 20.2 4.6 

23% 10 0.8% 8.1 1.9 

23% 25 0.8% 20.2 4.6 

23% 12 0.8% 10.1 2.3 

23% 49 0.8% 40.3 9 .3 

23% 2,441 0.8% 2000.3 460.1 

23% 779 0.8% 638.1 146.8 

23% 

32,414 26556.8 6108.1 

Printed:8/4/2010 
Page 2 of 10 

DISTRICT: SAJ PREPARED: 5/17/2010 
POC: CH IEF, COST ENGIN EERING, Tracy Leeser, P.E. 

2011 
OCT 10 FULLY FUN DED PROJECT ESTIMATE 

TOTAL Mid-Point ESC COST CNTG FULL 

__ruL_ Date __f'& __ruL_ __ruL_ __ruL_ 
J p L M N 0 

28944.9 201301 3.1% 24266.5 5581.3 29847.8 

------ ---------
28944.9 24266.5 5581.3 29847.8 

86.8 201102 0.3% 70.8 16.3 87.0 

18.6 201102 0.3% 15.2 3.5 18.7 

247.9 201102 0.3% 202.2 46.5 248.7 

24.8 201102 0.3% 20.2 4.6 24.9 

9.9 201102 0.3% 8.1 1.9 9.9 

24.8 201301 3.1% 20.8 4 .8 25 .6 

12.4 201301 3.1% 10.4 2.4 12.8 

49.6 201102 0.3% 40.4 9.3 49.7 

2460.3 201301 3.1% 2062.7 474.4 2537.1 

784.9 201301 3.1% 658.0 151.3 809.4 

------ ---------
32664.9 27375.2 6296.3 33671.5 
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**** TOTAL PROJECT COST SUMMARY**** 

""CONTRACT COST SUMMARY"" 

PROJECT: SHORE PROTECTION PROJECT, MID-REACH 
LOCATION: BREVARD COUNTY, FLORIDA 
This Estimate reflects the scope and schedule in report; GENERAL REEVALUTION REPORT- NED PLAN (NO. 19) 

Estimate Prepared: 27-Mar-10 
Effective Price Level: 1 OCT 10 

WBS Civil Works COST CNTG 

NUMBER Feature & Sub-Feature Descri11tion __!1ISL __!1ISL 
A B c D 

Contract 1/!2- 1st Renourishment 

17 BEACH REPLENISHMENT $ 5,699 $ 1,311 

X $ $ 

X $ $ 
X $ $ 

X $ $ 

CONSTRUCTION ESllMATE TOTALS: 5,699 1,311 

01 LANDS AND DAMAGES $ 70 $ 16 

30 PLANNING, ENGINEERING & DESIGN 

2.5% Project Management $ $ 

2.0% Planning & Environmental Compliance $ 15 $ 3 

8.5% Engineering & Design $ 200 $ 46 

2.0% Engineering Tech Review ITR & VE $ 20 $ 5 

2.0% Contracting & Reprographics $ 8 $ 2 

3.0% Engineering During Construction $ 20 $ 5 

2.0% Planning During Construction $ 10 $ 2 

2.0% Cost Engineering $ 40 $ 9 

$ 
31 CONSTRUCTION MANAGEMENT 

10.0% Construction Management $ 484 $ 111 

2.0% Project Operation: $ 115 $ 26 

2.5% Project Management $ $ 

CONTRACT COST TOTALS: $ 6,681 1,537 

Filename: TPCS-Brevard Co Mid-Reach GRR NED PLAN 080410 BCB Revised.xls 
TPCS 

Program Year (Budget EC): 
Effective Price Level Date: 

CNTG TOTAL ESC COST CNTG 

_flhl_ __!1ISL _flhl_ __!1ISL __!1ISL 
E F G H I 

23% $ 7,010 0.8% 5743.3 1321.0 

23% $ 

23% $ 
23% $ 

23% $ 

23% 7,010 5743.3 1321 .0 

23% $ 86 0.8% 70.5 16.2 

23% 

23% 18 0.8% 15.1 3 .5 

23% 246 0.8% 201.5 46.4 

23% 25 0.8% 20.2 4 .6 

23% 10 0.8% 8.1 1.9 

23% 25 0.8% 20.2 4 .6 

23% 12 0.8% 10.1 2 .3 

23% 49 0.8% 40.3 9 .3 

23% 596 0.8% 488.2 112.3 

23% 141 0.8% 115.4 26.5 

23% 

8,218 6732.8 1548.6 

Printed:8/412010 
Page 3 of 10 

DISTRICT: SAJ PREPARED: 5/17/L!J10 
POC: CHIEF, COST ENGINEERING, Tracy Leeser, P.E. 

2011 
1 OCT10 FULLY FUNDED PROJ ECT ESTIMATE 

TOTAL Mid-Point ESC COST CNTG FULL 

...(ill_ Date _flhl_ ...(ill_ __!1ISL ...(ill_ 
J p L M N 0 

7064.3 201601 8.5% 6229.7 1432.8 7662.5 

~----- - - ------ -
7064.3 6229.7 1432.8 7662.5 

86.8 201402 5.3% 74.3 17.1 91.4 

18.6 201402 5.3% 15.9 3.7 19 .6 

247.9 201402 5.3% 212.3 48.8 261.1 

24.8 201402 5.3% 21 .2 4.9 26.1 

9.9 201402 5.3% 8.5 2.0 10.4 

24.8 201601 8.5% 21 .9 5.0 26.9 

12.4 201601 8.5% 10.9 2.5 13.4 

49.6 201402 5.3% 42.5 9 .8 52.2 

600.5 201601 8.5% 529.5 121.8 651.3 

141.9 201601 8.5% 125.2 28.8 153.9 

------ ---------
8281 .4 7291 .8 1677.1 8968.9 
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****TOTAL PROJECT COST SUMMARY**** 

.... CONTRACT COST SUMMARY .... 

PROJECT: SHORE PROTECTION PROJECT, MID-REACH 
LOCATION: BREVARD COUNTY, FLORIDA 
This Estimate reflects the scope and schedule in report; GENERAL REEVALUTION REPORT- NED PLAN (N0.19) 

Estimate Prepared: 27-Mar-10 
Effective Price Level: 1 OCT 10 

WBS Civil Works COST CNTG 

NUMBER Feature & Sub-Feature Descri!1tion __!1!$l_ __!1!$l_ 
A B c D 

Contract lr3- 2nd Renourishment 

17 BEACH REPLENISHMENT $ 5,699 $ 1,311 

X $ $ 

X $ $ 

X $ $ 

X $ $ 

CONSTRUCTION ESTIMATE TOTALS: 5,699 1,311 

01 LANDS AND DAMAGES $ 70 $ 16 

30 PLANNING, ENGINEERING & DESIGN 

2.5% Project Management $ $ 

2.0% Planning & Environmental Compliance $ 15 $ 3 

8.5% Engineering & Design $ 200 $ 46 

2.0% Engineering Tech Review ITR & VE $ 20 $ 5 

2.0% Contracting & Reprographics $ 8 $ 2 

3.0% Engineering During Construction $ 20 $ 5 

2.0% Planning During Construction $ 10 $ 2 

2.0% Cost Engineering $ 40 $ 9 

$ 
31 CONSTRUCTION MANAGEMENT 

10.0% Construction Management $ 484 $ 111 

2.0% Project Operation: $ 115 $ 26 
2.5% Project Management $ $ 

CONTRACT COST TOTALS: $ 6,681 1,537 

Filename: TPCS-Brevard Co Mid-Reach GRR NED PLAN 080410 BCB Revised.xls 
TPCS 

Program Year (Budget EC): 
Effective Price Level Date: 

CNTG TOTAL ESC COST CNTG 

~ __!1!$l_ ~ __!1!$l_ __!1!$l_ 
E F G H 

23% $ 7,010 O.S"A. 5743.3 1321.0 

23% $ 

23% $ 

23% $ 

23% $ 

23% 7,010 5743.3 1321.0 

23% $ 86 O.S"A. 70.5 16.2 

23% 

23% 18 O.S"A. 15.1 3.5 

23% 246 O.S"A. 201.5 46.4 

23% 25 O.S"A. 20.2 4.6 

23% 10 O.S"A. 8.1 1.9 

23% 25 O.S"A. 20.2 4.6 

23% 12 O.S"A. 10.1 2.3 

23% 49 O.S"A. 40.3 9.3 

23% 596 O.S"A. 488.2 112.3 

23% 141 O.S"A. 115.4 26.5 

23% 

8,218 6732.8 1548.6 

Printed:8/4/2010 
Page 4 of 10 

DISTRICT SAJ PREPARED: 5/17/2SJ10 
POC: CHIEF, COST ENGINEERING, Tracy Leeser, P.E. 

2011 
OCT 10 FULLY FUNDED PROJECT ESTIMATE 

TOTAL Mid-Point ESC COST CNTG FULL 

__!1!$l_ Date ~ __!1!$l_ __!i& __!i& 
J p L M N 0 

7064.3 201901 14.4% 6569.7 1511.0 8080.7 

------ ---------
7064.3 6569.7 1511.0 8080.7 

86.8 201702 10.9% 78.2 18.0 96.2 

18.6 201702 10.9% 16.8 3.9 20.6 

247.9 201702 10.9% 223.5 51.4 274.9 

24.8 201702 10.9% 22.3 5.1 27.5 

9.9 201702 10.9% 8.9 2.1 11.0 

24.8 201901 14.4% 23.1 5.3 28.4 

12.4 201901 14.4% 11 .5 2.7 14.2 

49.6 201702 10.9% 44.7 10.3 55.0 

600.5 201901 14.4% 558.4 128.4 686.9 

141 .9 201901 14.4% 132.0 30.4 162.3 

------ ---------
8281.4 7689.1 1768.5 9457.6 
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****TOTAL PROJECT COST SUMMARY**** 

"" CONTRACT COST SUMMARY'"' 

PROJECT: SHORE PROTECTION PROJECT, MID-REACH 
LOCATION: BREVARD COUNTY, FLORIDA 
This Estimate reflects the scope and schedule in report; GENERAL REEVALUTION REPORT - NED PLAN (N0.19) 

Estimate Prepared: 27-Mar-10 
Effective Price Level: 1 OCT 10 

WBS Civil Works COST CNTG 

NUMBER Feature & Sub-Feature Descri11tion __!1!SL __!1!SL 
A B c D 

Contract #4- 3rd Renourishment 

17 BEACH REPLENISHMENT $ 5,699 $ 1,311 

X $ $ 

X $ $ 
X $ $ 

X $ $ 

CONSTRUCTION ESTIMATE TOTALS: 5,699 1,311 

01 LANDS AND DAMAGES $ 70 $ 16 

30 PLANNING, ENGINEERING & DESIGN 

2.5% Project Management $ $ 

2.0% Planning & Environmental Compliance $ 15 $ 3 

8.5% Engineering & Design $ 200 $ 46 

2.0% Engineering Tech Review ITR & V E $ 20 $ 5 

2.0% Contracting & Reprographics $ 8 $ 2 

3.0% Engineering During Construction $ 20 $ 5 

2.0% Planning During Construction $ 10 $ 2 

2.0% Cost Engineering $ 40 $ 9 

$ 
31 CONSTRUCTION MANAGEMENT 

10.0% Construction Management $ 484 $ 111 

2.0% Project Operation: $ 115 $ 26 
2.5% Project Management $ $ 

CONTRACT COST TOTALS: $ 6,681 1,537 

Filename: TPCS-Brevard Co Mid-Reach GRR NED PLAN 080410 BCB Revised.xls 
TPCS 

Program Year (Budget EC): 
Effective Price Level Date: 

CNTG TOTAL ESC COST CNTG 

~ __!1!SL ~ __!1!SL __!1!SL 
E F G H 

23% $ 7,010 O.S"A. 5743.3 1321.0 

23% $ 

23% $ 

23% $ 

23% $ 

23% 7,010 5743.3 1321.0 

23% $ 86 O.S"A. 70.5 16.2 

23% 

23% 18 O.S"A. 15.1 3.5 

23% 246 O.S"A. 201.5 46.4 

23% 25 O.S"A. 20.2 4.6 

23% 10 O.S"A. 8.1 1.9 

23% 25 O.S"A. 20.2 4.6 

23% 12 O.S"A. 10.1 2.3 

23% 49 O.S"A. 40.3 9.3 

23% 596 O.S"A. 488.2 112.3 

23% 141 O.S"A. 115.4 26.5 

23% 

8,218 6732.8 1548.6 

Printed:S/4/2010 
Page 5 of 10 

DISTRICT: SAJ PREPARED: 5/17/2010 
POC: CHIEF, COST ENGINEERING, Tracy Leeser, P.E. 

2011 
OCT 10 FULLY FUNDED PROJECT ESTIMATE 

TOTAL Mid-Point ESC COST CNTG FULL 

__!1!SL Date ~ __!1!SL _!l!Sl_ _!l!Sl_ 
J p L M N 0 

7064.3 202201 20.7% 6930.8 1594.1 8524.9 

--- --- ---------
7064.3 6930.8 1594.1 8524.9 

86.8 202002 17.0% 82.5 19.0 101.5 

18.6 202002 17.0% 17.7 4.1 21.7 

247.9 202002 17.0% 235.8 54.2 290 .0 

24.8 202002 17.0% 23.6 5.4 29.0 

9.9 202002 17.0% 9.4 2.2 11.6 

24.8 202201 20.7% 24.3 5.6 29 .9 

12.4 202201 20.7% 12.2 2.8 15.0 

49.6 202002 17.0% 47.2 10.8 58.0 

600.5 202201 20.7% 589.1 135.5 724.6 

141.9 202201 20.7% 139.2 32.0 171.3 

- ----- ---------
8281.4 8111 .8 1865 .7 9977.5 
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****TOTAL PROJECT COST SUMMARY**** 

"** CONTRACT COST SUMMARY •••• 

PROJECT: SHORE PROTECTION PROJECT, MID-REACH 
LOCATION: BREVARD COUNTY, FLORIDA 
This Estimate reflects the scope and schedule in report; GENERAL REEVALUTION REPORT- NED PLAN (N0.19) 

WBS 

NUMBER 
A 

Estimate Prepared: 27-Mar-10 
Effective Price Level: 1 OCT 10 

Civil Works 

Feature & Sub-Feature Description 
B 

COST 

__ruL_ 
c 

CNTG 

__ruL_ 
D 

17 
X 

X 

X 

X 

Contract 1115- 4th Renourishment 

BEACH REPLENISHMENT $ 5,699 $ 1,311 

CONSTRUCTION ESTIMAlE TOTALS: 

01 LANDS AND DAMAGES 

30 PLANNING, ENGINEERING & DESIGN 

2.5% Project Management 

2.0% 

8.5% 

2.0% 

2.0% 

Planning & Environmental Compliance 
Engineering & Design 

Engineering Tech Review ITR & VE 

Contracting & Reprographics 

3.0% Engineering During Construction 

2.0% Planning During Construction 

2.0% Cost Engineering 

31 CONSTRUCTION MANAGEMENT 

10.0% Construction Management 

2.0% Project Operation: 
2.5% Project Management 

$ 

$ 

$ 

$ 

$ 

$ 

$ 
$ 

$ 
$ 

$ 

$ 

$ 
$ 

$ 
$ 
$ 

5,699 

$ 

$ 

$ 

$ 

70 $ 

$ 

15 $ 
200 $ 

20 $ 
8 $ 

20 $ 

10 $ 

40 $ 

484 $ 
115 $ 

$ 

CONTRACT COST TOTALS: $ 6,681 

1,311 

16 

46 

5 

111 

26 

1,537 

Filename: TPCS-Brevard Co Mid-Reach GRR NED PLAN 080410 BCB Revised.xls 
TPCS 

CNTG 

__f'& 
E 

TOTAL 

__ruL_ 
F 

23% $ 7,010 

23% $ 

23% $ 

23% $ 

23% $ 

23% 

23% $ 

23% 

23% 
23% 

23% 

23% 

23% 

23% 

23% 

23% 

23% 
23% 

7,010 

86 

18 
246 

25 

10 

25 

12 

49 

596 

141 

8,218 

Program Year (Budget EC): 
Effective Price Level Date: 

ESC 

__f'& 
G 

0.8% 

0.8% 

0.8% 
0.8% 

0.8% 

0.8% 

0.8% 

0.8% 

0.8% 

0.8% 

0.8% 

COST 

__ruL_ 
H 

5743.3 

5743.3 

70.5 

15.1 
201.5 

20.2 

8.1 

20.2 

10.1 

40.3 

488.2 

115.4 

6732.8 

CNTG 

__ruL_ 

1321.0 

1321 .0 

16.2 

3 .5 
46.4 

4.6 

1.9 

4.6 

2.3 

9 .3 

112.3 

26.5 

1548.6 

Printed:8/4/2010 
Page 6 of 10 

DISTRICT: SAJ PREPARED: 5/17/2010 
POC: CHIEF, COST ENGINEERING, Tracy Leeser, P.E. 

2011 
OCT 10 

TOTAL 

__ruL_ 
J 

7064.3 

7064.3 

86.8 

18.6 
247.9 

24.8 

9.9 

24.8 

12.4 

49.6 

600.5 

141 .9 

8281.4 

FULLY FUN DED PROJECT ESTIMATE 

Mid-Point 

Date 
p 

202501 

202302 

202302 
202302 

202302 

202302 

202501 

202501 

202302 

202501 

202501 

ESC 

__f'& 
L 

27.3% 

23.4% 

23.4% 
23.4% 

23.4% 

23.4% 

27.3% 

27.3% 

23.4% 

27.3% 

27.3% 

COST 

__ruL_ 
M 

7311.9 

CNTG 
__ruL_ 

N 

1681.7 

FULL 

__ruL_ 
0 

8993.7 

--------- ---------
7311.9 

87.1 

18.7 
248.7 

24.9 

9.9 

25.7 

12.8 

49.7 

621.5 

146.9 

1681.7 

20.0 

4.3 
57.2 

5.7 

2.3 

5.9 

3.0 

11.4 

142.9 

33.8 

8993.7 

107.1 

22.9 
305.9 

30.6 

12.2 

31.6 

15.8 

61.2 

764.5 

180.7 

--------- ---------
8557.8 1968.3 10526.2 
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****TOTAL PROJECT COST SUMMARY**** 

"** CONTRACT COST SUMMARY •••• 

PROJECT: SHORE PROTECTION PROJECT, MID-REACH 
LOCATION: BREVARD COUNTY, FLORIDA 
This Estimate reflects the scope and schedule in report; GENERAL REEVALUTION REPORT- NED PLAN (N0.19) 

WBS 

NUMBER 
A 

Estimate Prepared: 27-Mar-10 
Effective Price Level: 1 OCT 10 

Civil Works 

Feature & Sub-Feature Description 
B 

COST 

__ruL_ 
c 

CNTG 

__ruL_ 
D 

17 
X 

X 

X 

X 

Contract m3- 5th Renourishment 

BEACH REPLENISHMENT $ 5,699 $ 1,311 

CONSTRUCTION ESTIMAlE TOTALS: 

01 LANDS AND DAMAGES 

30 PLANNING, ENGINEERING & DESIGN 

2.5% Project Management 

2.0% 
8.5% 

2.0% 

2.0% 

Planning & Environmental Compliance 
Engineering & Design 

Engineering Tech Review ITR & VE 

Contracting & Reprographics 

3.0% Engineering During Construction 

2.0% Planning During Construction 

2.0% Cost Engineering 

31 CONSTRUCTION MANAGEMENT 

10.0% Construction Management 

2.0% Project Operation: 
2.5% Project Management 

$ 

$ 

$ 

$ 

$ 

$ 

$ 
$ 

$ 
$ 

$ 

$ 

$ 
$ 

$ 
$ 
$ 

5,699 

$ 

$ 

$ 

$ 

70 $ 

$ 

15 $ 
200 $ 

20 $ 
8 $ 

20 $ 

10 $ 

40 $ 

484 $ 
115 $ 

$ 

CONTRACT COST TOTALS: $ 6,681 

1,311 

16 

46 

5 

111 

26 

1,537 

Filename: TPCS-Brevard Co Mid-Reach GRR NED PLAN 080410 BCB Revised.xls 
TPCS 

CNTG 

__f'& 
E 

TOTAL 

__ruL_ 
F 

23% $ 7,010 

23% $ 

23% $ 

23% $ 

23% $ 

23% 

23% $ 

23% 

23% 
23% 

23% 

23% 

23% 

23% 

23% 

23% 

23% 
23% 

7,010 

86 

18 
246 

25 

10 

25 

12 

49 

596 

141 

8,218 

Program Year (Budget EC): 
Effective Price Level Date: 

ESC 

__f'& 
G 

0.8% 

0.8% 

0.8% 
0.8% 

0.8% 

0.8% 

0.8% 

0.8% 

0.8% 

0.8% 

0.8% 

COST 

__ruL_ 
H 

5743.3 

5743.3 

70.5 

15.1 
201.5 

20.2 

8.1 

20.2 

10.1 

40.3 

488.2 

115.4 

6732.8 

CNTG 

__ruL_ 

1321.0 

1321 .0 

16.2 

3 .5 
46.4 

4.6 

1.9 

4.6 

2.3 

9.3 

112.3 

26.5 

1548.6 

Printed:8/4/2010 
Page 7 of 10 

DISTRICT: SAJ PREPARED: 5/17/2010 
POC: CHIEF, COST ENGINEERING, Tracy Leeser, P.E. 

2011 
OCT 10 

TOTAL 

__ruL_ 
J 

7064.3 

7064.3 

86.8 

18.6 
247.9 

24.8 

9.9 

24.8 

12.4 

49.6 

600.5 

141 .9 

8281.4 

FULLY FUN DED PROJECT ESTIMATE 

Mid-Point 

Date 
p 

202801 

202602 

202602 
202602 

202602 

202602 

202801 

202801 

202602 

202801 

202801 

ESC 

__f'& 
L 

34.3% 

30.2% 

30.2% 
30.2% 

30.2% 

30.2% 

34.3% 

34.3% 

30.2% 

34.3% 

34.3% 

COST 

__ruL_ 
M 

7713.9 

CNTG 
__ruL_ 

N 

1774.2 

FULL 

__ruL_ 
0 

9488.2 

--------- ---------
7713.9 

91.8 

19.7 
262.4 

26.2 

10.5 

27.1 

13.5 

52.5 

655.7 

155.0 

1774.2 

21.1 

4.5 
60.4 

6.0 

2.4 

6 .2 

3.1 

12.1 

150.8 

35.6 

9488.2 

113.0 

24.2 
322.8 

32.3 

12.9 

33.3 

16.6 

64.6 

806.5 

190.6 

--------- ---------
9028.4 2076.5 11104.9 
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•••• TOTAL PROJECT COST SUMMARY •••• 

" ** CONTRACT COST SUMMARY **** 

PROJECT: SHORE PROTECTION PROJECT, MID-REACH 
LOCATION: BREVARD COUNTY, FLORIDA 
This Estimate reflects the scope and schedule in report; GENERAL REEVALUTION REPORT- NED PLAN (N0.1 9) 

WBS 

NUMBER 
A 

Estimate Prepared: 27-Mar-10 
Effective Price Level: 1 OCT 10 

Civil Works 

Feature & Sub-Feature Description 
B 

COST 

...ruL 
c 

CNTG 

...ruL 
D 

17 
X 

X 

X 

X 

Contract #7- 6th Renourishment 

BEACH REPLENISHMENT $ 5,699 $ 1,311 

CONSTRUCTION ESTIMATE TOTALS: 

01 LANDS AND DAMAGES 

30 PLANNING, ENGINEERING & DESIGN 

2.5% Project Management 

2.0% Planning & Environmental Compliance 

8.5% Engineering & Design 

2.0% Engineering Tech Review ITR & VE 

2.0% Contracting & Reprographics 

3.0% Engineering During Construction 

2.0% Planning During Construction 

2.0% Cost Engineering 

31 CONSTRUCTION MANAGEMENT 

10.0% Construction Management 

2.0% Project Operation: 

2.5% Project Management 

$ 

$ 

$ 

$ 

$ 

$ 

$ 
$ 

$ 
$ 

$ 

$ 

$ 
$ 

$ 
$ 
$ 

5,699 

$ 

$ 

$ 

$ 

70 $ 

$ 

15 $ 
200 $ 

20 $ 
8 $ 

20 $ 

10 $ 
40 $ 

484 $ 
11 5 $ 

$ 

CONTRACT COST TOTALS: $ 6,681 

1,311 

16 

46 

5 

111 

26 

1,537 

Filename: TPCS-Brevard Co Mid-Reach GRR NED PLAN 080410 BCB Revised.xls 
TPCS 

CNTG 

...f'& 
E 

TOTAL 

...ruL 
F 

23% $ 7,010 

23% $ 

23% $ 

23% $ 

23% $ 

23% 

23% $ 

23% 

23% 

23% 

23% 

23% 

23% 

23% 

23% 

23% 

23% 

23% 

7,010 

86 

18 

246 

25 

10 

25 

12 

49 

596 

141 

8,218 

Program Year (Budget EC): 
Effective Price Level Date: 

ESC 

...f'& 
G 

0.8% 

0.8% 

0.8% 

0.8% 

0.8% 

0.8% 

0.8% 

0.8% 

0.8% 

0.8% 

0.8% 

COST 

...ruL 
H 

5743.3 

5743.3 

70.5 

15.1 

201.5 

20.2 

8.1 

20.2 

10.1 

40.3 

488.2 

115.4 

6732.8 

CNTG 

...ruL 

1321.0 

1321.0 

16.2 

3.5 

46.4 

4.6 

1.9 

4.6 

2.3 

9.3 

112.3 

26.5 

1548.6 

Print ed:8/412010 
Page 8 of 10 

DISTRICT: SAJ PREPARED: 5/17/2010 
POC: CHIEF, COST ENGINEERING, Tracy Leeser, P E. 

2011 
OCT 10 

TOTAL 

__(ffi_ 
J 

7064.3 

7064.3 

86.8 

18.6 

247.9 

24.8 

9.9 

24.8 

12.4 

49.6 

600.5 

141.9 

8281.4 

FULLY FUN DED PROJECT ESTIMATE 

Mid-Point 

Date 
p 

20310 1 

202902 

202902 

202902 

202902 

202902 

203101 

203101 

202902 

20310 1 

20310 1 

ESC 

...f'& 
L 

41.7% 

37.3% 

37.3% 

37.3% 

37.3% 

37.3% 

41.7% 

41.7% 

37.3% 

41.7% 

41.7% 

COST 

__(ffi_ 
M 

8138.0 

CNTG 
__(ffi_ 

N 

1871.7 

FULL 

__(ffi_ 
0 

10009.7 

--------- ---------
8138.0 

96.9 

20.8 

276.8 

27.7 

11.1 

28.6 

14.3 

55.4 

691.7 

163.5 

1871.7 

22.3 

4.8 

6 3.7 

6.4 
2.5 

6.6 

3.3 
12.7 

159.1 

37.6 

10009.7 

119.2 

25.5 

340.5 

34.0 

13.6 

35.1 

17.6 
68 .1 

850.8 

201.1 

--------- ---------
9524.7 2190.7 117 15.3 
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****TOTAL PROJECT COST SUMMARY**** 

"** CONTRACT COST SUMMARY •••• 

PROJECT: SHORE PROTECTION PROJECT, MID-REACH 
LOCATION: BREVARD COUNTY, FLORIDA 
This Estimate reflects the scope and schedule in report; GENERAL REEVALUTION REPORT- NED PLAN (N0.19) 

WBS 

NUMBER 
A 

Estimate Prepared: 27-Mar-10 
Effective Price Level: 1 OCT 10 

Civil Works 

Feature & Sub-Feature Description 
B 

COST 

__ruL_ 
c 

CNTG 

__ruL_ 
D 

17 
X 

X 

X 

X 

Contract 118- 7th Renourishment 

BEACH REPLENISHMENT $ 5,699 $ 1,311 

CONSTRUCTION ESTIMAlE TOTALS: 

01 LANDS AND DAMAGES 

30 PLANNING, ENGINEERING & DESIGN 

2.5% Project Management 

2.0% 
8.5% 

2.0% 

2.0% 

Planning & Environmental Compliance 
Engineering & Design 

Engineering Tech Review ITR & VE 

Contracting & Reprographics 

3.0% Engineering During Construction 

2.0% Planning During Construction 

2.0% Cost Engineering 

31 CONSTRUCTION MANAGEMENT 

10.0% Construction Management 

2.0% Project Operation: 
2.5% Project Management 

$ 

$ 

$ 

$ 

$ 

$ 

$ 
$ 

$ 
$ 

$ 

$ 

$ 
$ 

$ 
$ 
$ 

5,699 

$ 

$ 

$ 

$ 

70 $ 

$ 

15 $ 
200 $ 

20 $ 
8 $ 

20 $ 

10 $ 

40 $ 

484 $ 
115 $ 

$ 

CONTRACT COST TOTALS: $ 6,681 

1,311 

16 

46 

5 

111 

26 

1,537 

Filename: TPCS-Brevard Co Mid-Reach GRR NED PLAN 080410 BCB Revised.xls 
TPCS 

CNTG 

__f'& 
E 

TOTAL 

__ruL_ 
F 

23% $ 7,010 

23% $ 

23% $ 

23% $ 

23% $ 

23% 

23% $ 

23% 

23% 
23% 

23% 

23% 

23% 

23% 

23% 

23% 

23% 
23% 

7,010 

86 

18 
246 

25 

10 

25 

12 

49 

596 

141 

8,218 

Program Year (Budget EC): 
Effective Price Level Date: 

ESC 

__f'& 
G 

0.8% 

0.8% 

0.8% 
0.8% 

0.8% 

0.8% 

0.8% 

0.8% 

0.8% 

0.8% 

0.8% 

COST 

__ruL_ 
H 

5743.3 

5743.3 

70.5 

15.1 
201.5 

20.2 

8.1 

20.2 

10.1 

40.3 

488.2 

115.4 

6732.8 

CNTG 

__ruL_ 

1321.0 

1321 .0 

16.2 

3 .5 
46.4 

4.6 

1.9 

4.6 

2.3 

9 .3 

112.3 

26.5 

1548.6 

Printed:8/4/2010 
Page 9 of 10 

DISTRICT: SAJ PREPARED: 5/17/2010 
POC: CHIEF, COST ENGINEERING, Tracy Leeser, P.E. 

2011 
OCT 10 

TOTAL 

__ruL_ 
J 

7064.3 

7064.3 

86.8 

18.6 
247.9 

24.8 

9.9 

24.8 

12.4 

49.6 

600.5 

141 .9 

8281.4 

FULLY FUN DED PROJECT ESTIMATE 

Mid-Point 

Date 
p 

203401 

203202 

203202 
203202 

203202 

203202 

203401 

203401 

203202 

203401 

203401 

ESC 

__f'& 
L 

49.5% 

44.9% 

44.9% 
44.9% 

44.9% 

44.9% 

49.5% 

49.5% 

44.9% 

49.5% 

49.5% 

COST 

__ruL_ 
M 

8585.5 

CNTG 
__ruL_ 

N 

1974.7 

FULL 

__ruL_ 
0 

10560.1 

--------- ---------
8585.5 

102.2 

21 .9 
292.0 

29.2 

11.7 

30.1 

15.1 

58.4 

729.8 

172.5 

1974.7 

23.5 

5.0 
67.2 

6.7 

2.7 

6 .9 

3.5 

13.4 

167.8 

39.7 

10560.1 

125.7 

26.9 
359.2 

35.9 

14.4 

37.1 

18.5 

71.8 

897.6 

212.2 

--------- ---------
10048.4 2311.1 12359.5 
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****TOTAL PROJECT COST SUMMARY**** 

"** CONTRACT COST SUMMARY •••• 

PROJECT: SHORE PROTECTION PROJECT, MID-REACH 
LOCATION: BREVARD COUNTY, FLORIDA 
This Estimate reflects the scope and schedule in report; GENERAL REEVALUTION REPORT- NED PLAN (N0.19) 

WBS 

NUMBER 
A 

Estimate Prepared: 27-Mar-10 
Effective Price Level: 1 OCT 10 

Civil Works 

Feature & Sub-Feature Description 
B 

COST 

__ruL_ 
c 

Contracts #9 thru #17- 8th thru 16th Renourishments 

CNTG 

__ruL_ 
D 

17 
X 

X 

X 

X 

BEACH REPLENISHMENT $ 51,292 $ 11 ,797 

CONSTRUCTION ESTIMAlE TOTALS: 

01 LANDS AND DAMAGES 

30 PLANNING, ENGINEERING & DESIGN 

2.5% Project Management 

2.0% 

8.5% 

2.0% 

2.0% 

3.0% 

2.0% 

2.0% 

Planning & Environmental Compliance 

Engineering & Design 

Engineering Tech Review ITR & VE 

Contracting & Reprographics 

Engineering During Construction 

Planning During Construction 

Cost Engineering 

31 CONSTRUCTION MANAGEMENT 

10.0% Construction Management 

2.0% Project Operation: 

2.5% Project Management 

$ 

$ 

$ 

$ 

$ 

$ 

$ 
$ 

$ 
$ 

$ 

$ 

$ 
$ 

51,292 

$ 

$ 

$ 

$ 

630 $ 

$ 

135 $ 
1,800 $ 

180 $ 
72 $ 

180 $ 

90 $ 

360 $ 

11 ,797 

145 

31 

414 

41 

17 
41 

21 

83 

$ 4,360 $ 1,003 

$ 1,031 $ 237 

$ $ 

CONTRACT COST TOTALS: $ 60, 130 13,830 

Filename: TPCS-Brevard Co Mid-Reach GRR NED PLAN 080410 BCB Revised.xls 
TPCS 

CNTG 

__f'& 
E 

TOTAL 

__ruL_ 
F 

23% $ 63,089 

23% $ 

23% $ 

23% $ 

23% $ 

23% 

23% $ 

23% 

23% 

23% 

23% 

23% 

23% 

23% 

23% 

23% 

23% 

23% 

63,089 

775 

166 

2,214 

221 

89 

221 

111 

443 

5,363 

1,268 

73,959 

Program Year (Budget EC): 
Effective Price Level Date: 

ESC 

__f'& 
G 

COST 

__ruL_ 
H 

CNTG 

__ruL_ 

0.8% 51689.7 11888.6 

0.8% 

0.8% 

0.8% 

0.8% 

0.8% 

0.8% 

0.8% 

0.8% 

0.8% 

0.8% 

51689.7 11888.6 

634.9 

136.0 

1813.9 

181.4 

72.6 

181.4 

90.7 

362.8 

4393.6 

1038.5 

146.0 

31.3 

417.2 

41.7 

16.7 

41.7 

20.9 

83.4 

1010.5 

238.9 

60595.5 13937.0 

Printed:B/4/2010 
Page 10 of 10 

DISTRICT: SAJ PREPARED: 5/17/2010 
POC: CHIEF, COST ENGINEERING, Tracy Leeser, P.E. 

2011 
OCT 10 

TOTAL 

__ruL_ 
J 

63578.3 

63578.3 

780.9 

167.3 

2231.2 

223.1 

89.2 

223.1 

111.6 

446.2 

5404.2 

1277.3 

74532.4 

FULLY FUN DED PROJECT ESTIMATE 

Mid-Point 

Date 
p 

203701 

203502 

203502 

203502 

203502 

203502 

203701 

203701 

203502 

203701 

20370 1 

ESC 

__f'& 
L 

COST 

__ruL_ 
M 

CNTG 

__ruL_ 
N 

FULL 

__ruL_ 
0 

58.5% 81914.8 18840.4 100755.2 

53.0% 

53.0% 

53.0% 

53.0% 

53.0% 

58.5% 

58.5% 

53.0% 

58.5% 

58.5% 

--------- ---------
81914.8 18840.4 

971.6 

208.2 

2776.0 

277.6 

111.0 

287.5 

143.7 

555.2 

6962.8 

1645.7 

223.5 

47.9 

638.5 

63.8 

25.5 

66.1 

33.1 

127.7 

1601.4 

378 .5 

100755.2 

1195.1 

256.1 

3414.5 

341.4 

136.6 

353.6 

176.8 

682.9 

8564.2 

2024.2 

--------- ---------
95854.1 22046.5 117900.6 
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****TOTAL PROJECT COST SUMMARY**** 

PROJECT: 

LOCATION: 

SHORE PROTECTION PROJECT, MID-REACH 

BREVARD COUNTY, FLORIDA 

This Estimate reflects the scope and schedule in report; GENERAL REEVALUTION REPORT- LOCALLY PREFERRED PLAN (OPTION 6) 

WBS Civil Works COST CNTG CNTG TOTAL 

NUMBER F~S!tyr~ ~ QyQ-F~§!tyr~ Q~~~riRtion ___!iKL ___!iKL _('lfi_ ___!iKL 
A B c D E F 

17 BEACH REPLENISHMENT 114,366 26,304 23% 140,670 

X 

X 

X 

X 

CONSTRUCTION ESTIMATE TOTALS: 114,366 26,304 140,670 

01 LANDS AND DAMAGES 1,190 274 23% 1,464 

30 PLANNING, ENGINEERING & DESIGN 5,321 1,224 23% 6,545 

31 CONSTRUCTION MANAGEMENT 12, 186 2,803 23% 14,989 

PROJECT COST TOTALS: 133,063 30,605 23% 163,668 

CHIEF, COST ENGINEERING, Tracy Leeser, P.E. 

PROJECT MANAGER, Osvaldo Rodriguez, P.E. 

Filename: TPCS-Brevard Co Mid-Reach GRR LPP 080410 BCB Revised .xis 
TPCS 

Program Year (Budget EC): 

Effective Price Level Date: 

ESC COST CNTG 

_('lfi_ ___!iKL ___!iKL 
G H I 

O.B"h. 115252.2 26508.0 

O.B"h. 115252.2 26508.0 

O.B"h. 1199.2 275.8 

O.B"h. 5362.2 1233.3 

O.B"h. 12280.5 2824.5 

O.B"h. 134094.2 30841.7 

Printed:8/4/2010 
Page 1 of 10 

DISTRICT: SAJ PREPARED: 5/17/2010 

POC: CH IEF, COST ENGINEERING, Tracy Leeser, P.E. 

2011 

1 OCT 10 FULLY FUN DED PROJECT ESTIMATE 

Spent Thru: 

TOTAL 1-0ct-09 COST CNTG 

___!iKL ___!iKL ___!iKL ___!iKL 

J K L M N 

141760.2 157477.7 36219.9 

141760.2 157477.7 36219.9 

1475.0 1655.4 380.7 

6595.5 7425.9 1708.0 

15105.1 16723.4 3846.4 

164935.8 183282.3 42154.9 

ESTIMATED FEDERA L COST : 
ESTIMATED NON-FEDERAL COST: 

ESTIMATED TOTAL PROJECT COST: 

FULL 

___!iKL 

0 

193697.5 

193697.5 

2036.1 

9133.8 

20569.8 

225437.3 

121,736 
103,701 

225,437 

k3pdpecd
Typewritten Text
A.9 	TOTAL PROJECT COST SUMMARY WITH COST RISK ANALYSIS, CONTINGENCY AND SCHEDULE         ANALYSIS ESCALATION (LPP)

k3pdpecd
Typewritten Text

k3pdpecd
Typewritten Text

k3pdpecd
Typewritten Text

k3pdpecd
Typewritten Text



 
40

•••• TOTAL PROJECT COST SUMMARY •••• 

" ** CONTRACT COST SUMMARY **** 

PROJECT: SHORE PROTECTION PROJECT, MID-REACH 
LOCATION: BREVARD COUNTY, FLORIDA 
This Estimate reflects the scope and schedule in report; GENERAL REEVALUTION REPORT- LOCALLY PREFERRED PLAN (OPTION 6) 

Estimate Prepared: 27-Mar-10 
Effective Price Level: 1 OCT 10 

WBS Civil Works COST CNTG 

NUMBER Feature & Sub-Feature Descri11tion __ruL_ __ruL_ 
A B c D 

Contract #1 - lnitital Fill & Offshore Reef Mitigation 

17 BEACH REPLENISHMENT $ 23, 191 $ 5,334 

X $ $ 

X $ 

X $ $ 

X $ $ 

CONSTRUCTION ESTIMATE TOTALS: 23, 191 5,334 

01 LANDS AND DAMAGES $ 70 $ 16 

30 PLANNING, ENGINEERING & DESIGN 

2.5% Project Management $ 

2.0% Planning & Environmental Compliance $ 15 $ 
8.5% Engineering & Design $ 200 $ 46 

2.0% Engineering Tech Review ITR & VE $ 20 $ 5 

2.0% Contracting & Reprographics $ 8 $ 

3.0% Engineering During Construction $ 20 $ 

2.0% Planning During Construction $ 10 $ 
2.0% Cost Engineering $ 40 $ 

$ 
31 CONSTRUCTION MANAGEMENT 

10.0% Construction Management $ 1,971 $ 453 

2.0% Project Operation: $ 633 $ 146 

2.5% Project Management $ 

CONTRACT COST TOTALS: 26,178 6,021 

Filename: TPCS-Brevard Co Mid-Reach GRR LPP 080410 BCB Revised.xls 
TPCS 

Program Year (Budget EC): 
Effective Price Level Date: 

CNTG TOTAL ESC COST CNTG 

__f'& __ruL_ __f'& __ruL_ __ruL_ 
E F G H 

23% $ 28,525 0.8% 23370.7 5375 .3 

23% $ 

23% $ 

23% $ 

23% $ 

23% 28,525 23370.7 5375.3 

23% $ 86 0.8% 70.5 16.2 

23% 

23% 18 0.8% 15.1 3.5 

23% 246 0.8% 201.5 46.4 

23% 25 0.8% 20.2 4.6 

23% 10 0.8% 8.1 1.9 

23% 25 0.8% 20.2 4 .6 

23% 12 0.8% 10.1 2.3 

23% 49 0.8% 40.3 9.3 

23% 2,425 0.8% 1986.5 456.9 

23% 779 0.8% 637.9 146.7 

23% 

32,199 26381.1 6067.7 

Printed:8/412010 
Page 2 of 10 

DISTRICT: SAJ PREPARED: 5/17/2010 
POC: CH IEF, COST ENGINEERING, Tracy Leeser, P E. 

2011 
OCT 10 FULLY FUN DED PROJECT ESTIMATE 

TOTAL Mid-Point ESC COST CNTG FULL 

__ruL_ Date __f'& __ruL_ __ruL_ __ruL_ 
J p L M N 0 

28746.0 201301 3.1% 24099.7 5542.9 29642.7 

------ ---------
28746.0 24099.7 5542.9 29642.7 

86.8 201102 0.3% 70.8 16.3 87.0 

18.6 201102 0.3% 15.2 3.5 18 .7 

247.9 201102 0.3% 202.2 46 .5 248.7 

24.8 201102 0.3% 20.2 4.6 24.9 

9.9 201102 0.3% 8.1 1.9 9.9 

24.8 201 301 3.1% 20.8 4 .8 25.6 

12.4 20130 1 3.1% 10.4 2.4 12.8 

49.6 201102 0.3% 40.4 9 .3 49 .7 

2443.4 201301 3.1% 2048.5 471.1 2519 .6 

784 .6 201 301 3.1% 657.8 151.3 809.1 

------ ---------
32448.8 27194.0 6254.6 33448.6 
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****TOTAL PROJECT COST SUMMARY**** 

"** CONTRACT COST SUMMARY •••• 

PROJECT: SHORE PROTECTION PROJECT, MID-REACH 
LOCATION: BREVARD COUNTY, FLORIDA 
This Estimate reflects the scope and schedule in report; GENERAL REEVALUTION REPORT- LOCALLY PREFERRED PLAN (OPTION 6) 

WBS 

NUMBER 
A 

Estimate Prepared: 27-Mar-10 
Effective Price Level: 1 OCT 10 

Civil Works 

Feature & Sub-Feature Description 
B 

COST 

__ruL_ 
c 

CNTG 

__ruL_ 
D 

17 
X 

X 

X 

X 

Contract #2- 1st Renourishment 

BEACH REPLENISHMENT $ 5,698 $ 1,311 

CONSTRUCTION ESTIMAlE TOTALS: 

01 LANDS AND DAMAGES 

30 PLANNING, ENGINEERING & DESIGN 

2.5% Project Management 

2.0% 

8.5% 

2.0% 

2.0% 

Planning & Environmental Compliance 
Engineering & Design 

Engineering Tech Review ITR & VE 

Contracting & Reprographics 

3.0% Engineering During Construction 

2.0% Planning During Construction 

2.0% Cost Engineering 

31 CONSTRUCTION MANAGEMENT 

10.0% Construction Management 

2.0% Project Operation: 
2.5% Project Management 

$ 

$ 

$ 

$ 

$ 

$ 

$ 
$ 

$ 
$ 

$ 

$ 

$ 
$ 

$ 
$ 
$ 

5,698 

$ 

$ 

$ 

$ 

70 $ 

$ 

15 $ 
200 $ 

20 $ 
8 $ 

20 $ 

10 $ 

40 $ 

484 $ 
115 $ 

$ 

CONTRACT COST TOTALS: $ 6,680 

Filename: TPCS-Brevard Co Mid-Reach GRR LPP 080410 BCB Revised .xis 
TPCS 

1,311 

16 

46 

5 

111 

26 

1,536 

CNTG 

__f'& 
E 

TOTAL 

__ruL_ 
F 

23% $ 7,009 

23% $ 

23% $ 

23% $ 

23% $ 

23% 

23% $ 

23% 

23% 
23% 

23% 

23% 

23% 

23% 

23% 

23% 

23% 
23% 

7,009 

86 

18 
246 

25 

10 

25 

12 

49 

596 

141 

8,217 

Program Year (Budget EC): 
Effective Price Level Date: 

ESC 

__f'& 
G 

0.8% 

0.8% 

0.8% 
0.8% 

0.8% 

0.8% 

0.8% 

0.8% 

0.8% 

0.8% 

0.8% 

COST 

__ruL_ 
H 

5742.6 

5742.6 

70.5 

15.1 
201.5 

20.2 

8.1 

20.2 

10.1 

40.3 

488.1 

115.4 

6732.1 

CNTG 

__ruL_ 

1320.8 

1320.8 

16.2 

3 .5 
46.4 

4.6 

1.9 

4.6 

2.3 

9 .3 

11 2.3 

26.5 

1548.4 

Printed:8/4/2010 
Page 3 of 10 

DISTRICT: SAJ PREPARED: 5/17/2010 
POC: CHIEF, COST ENGINEERING, Tracy Leeser, P.E. 

2011 
OCT 10 

TOTAL 

__ruL_ 
J 

7063.4 

7063.4 

86.8 

18.6 
247.9 

24.8 

9.9 

24.8 

12.4 

49.6 

600.4 

141.9 

8280.4 

FULLY FUN DED PROJECT ESTIMATE 

Mid-Point 

Date 
p 

201601 

201402 

201402 
201402 

201402 

201402 

201601 

201601 

201402 

201601 

201601 

ESC 

__f'& 
L 

8.5% 

5.3% 

5.3% 
5.3% 

5.3% 

5.3% 

8.5% 

8.5% 

5.3% 

8.5% 

8.5% 

COST 

__ruL_ 
M 

6228.9 

CNTG 
__ruL_ 

N 

1432.6 

FULL 

__ruL_ 
0 

7661.6 

--------- ---------
6228.9 

74.3 

15.9 
212.3 

21.2 

8.5 

21.9 

10.9 

42.5 

529.5 

125.2 

1432.6 

17.1 

3.7 
48.8 

4.9 

2.0 

5.0 

2.5 

9.8 

121.8 

28.8 

7661.6 

91.4 

19.6 
261.1 

26.1 

10.4 

26.9 

13.4 

52.2 

651.2 

153.9 

--------- ---------
7291.0 1676.9 8967.9 
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•••• TOTAL PROJECT COST SUMMARY •••• 

**" CONTRACT COST SUMMARY "" 

PROJECT: SHORE PROTECTION PROJECT, MID-REACH 
LOCATION: BREVARD COUNTY, FLORIDA 
This Estimate reflects the scope and schedule in report; GENERAL REEVALUTION REPORT- LOCALLY PREFERRED PLAN (OPTION 6) 

Estimate Prepared: 27-Mar-10 
Effective Price Level: 1 OCT 10 

WBS Civil Works COST CNTG 

NUMBER Feature & Sub-Feature Descri!1tion -'liSL -'liSL 
A B c D 

Contract #3- 2nd Renourishment 

17 BEACH REPLENISHMENT $ 5,698 $ 1,311 

X $ $ 

X $ $ 
X $ $ 

X $ $ 

CONSTRUCTION ESTIMATE TOTALS: 5,698 1,311 

01 LANDS AND DAMAGES $ 70 $ 16 

30 PLANNING, ENGINEERING & DESIGN 

2.5% Project Management $ $ 

2.0% Planning & Environmental Compliance $ 15 $ 3 

8.5% Engineering & Design $ 200 $ 46 

2.0% Engineering Tech Review ITR & V E $ 20 $ 5 

2.0% Contracting & Reprographics $ 8 $ 2 

3.0% Engineering During Construction $ 20 $ 5 

2.0% Planning During Construction $ 10 $ 2 

2.0% Cost Engineering $ 40 $ 9 

$ 
31 CONSTRUCTION MANAGEMENT 

10.0% Construction Management $ 484 $ 111 

2.0% Project Operation: $ 115 $ 26 

2.5% Project Managem ent $ $ 

CONTRACT COST TOTALS: $ 6,680 1,536 

Filename: TPCS-Brevard Co Mid-Reach GRR LPP 080410 BCB Revised.xls 
TPCS 

Program Year (Budget EC): 
Effective Price Level Dat e: 

CNTG TOTAL ESC COST CNTG 

__l"&L -'liSL __l"&L -'liSL -'liSL 
E F G H I 

23% $ 7,009 0.8% 5742.6 1320.8 

23% $ 

23% $ 
23% $ 

23% $ 

23% 7,009 5742.6 1320.8 

23% $ 86 0.8% 70.5 16.2 

23% 

23% 18 0.8% 15.1 3.5 

23% 246 0.8% 201.5 46.4 

23% 25 0.8% 20.2 4 .6 

23% 10 0.8% 8.1 1.9 

23% 25 0.8% 20.2 4 .6 

23% 12 0.8% 10.1 2.3 

23% 49 0.8% 40.3 9.3 

23% 596 0.8% 488.1 11 2.3 

23% 14 1 0.8% 11 5.4 26.5 

23% 

8,217 6732.1 1548.4 

Pri nted:8/412010 
Page 4 of 10 

DISTRICT: SAJ PREPARED: 5/17/ 2010 
POC: CHIEF, COST ENGINEERING, Tracy Leeser, P.E. 

2011 
OCT1 0 FULLY FUNDED PROJECT ESTIMATE 

TOTAL Mid-Point ESC COST CNTG FULL 

-'liSL Date __l"&L -'liSL -'liSL -'liSL 
J p L M N 0 

7063.4 201901 14.4% 6568.8 1510 .8 8079.7 

------ ---------
7063.4 6568.8 1510 .8 8079.7 

86.8 20170 2 10.9",>(, 78.2 18 .0 96.2 

18.6 201702 10.9% 16 .8 3.9 20.6 

247.9 201702 10.9",>(, 223.5 51.4 274.9 

24.8 201702 10.9",>(, 22.3 5. 1 27.5 

9.9 201702 10.9",>(, 8 .9 2.1 11.0 

24.8 201901 14.4% 23.1 5.3 28.4 

12.4 201901 14.4% 11 .5 2.7 14.2 

49.6 20170 2 10.9% 44.7 10 .3 55.0 

600.4 201901 14.4% 558.4 128.4 686.8 

141.9 201901 14.4% 132.0 30.4 162.3 

------ ---------
8280.4 7688.2 1768.3 9456.5 
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•••• TOTAL PROJECT COST SUMMARY •••• 

"** CONTRACT COST SUMMARY •••• 

PROJECT: SHORE PROTECTION PROJECT, MID-REACH 
LOCATION: BREVARD COUNTY, FLORIDA 
This Estimate reflects the scope and schedule in report; GENERAL REEVALUTION REPORT- LOCALLY PREFERRED PLAN (OPTION 6) 

Estimate Prepared: 27-Mar-10 
Effective Price Level: 1 OCT 10 

WBS Civil Works COST CNTG 

NUMBER Feature & Sub-Feature Descri~tion __!ill_ __!ill_ 
A B c D 

Contract #4- 3rd Renourishment 

17 BEACH REPLENISHMENT $ 5,698 $ 1,311 

X $ $ 

X $ $ 
X $ $ 

X $ $ 

CONSTRUCTION ESTIMATE TOTALS: 5,698 1,311 

01 LANDS AND DAMAGES $ 70 $ 16 

30 PLANNING, ENGINEERING & DESIGN 

2.5% Project Management $ $ 

2.0% Planning & Environmental Compliance $ 15 $ 
8.5% Engineering & Design $ 200 $ 46 

2.0% Engineering Tech Review ITR & VE $ 20 $ 5 

2.0% Contracting & Reprographics $ 8 $ 
3.0% Engineering During Construction $ 20 $ 

2.0% Planning During Construction $ 10 $ 

2.0% Cost Engineering $ 40 $ 
$ 

31 CONSTRUCTION MANAGEMENT 

10.0% Construction Management $ 484 $ 111 

2.0% Project Operation: $ 115 $ 26 

2.5% Project Management $ $ 

CONTRACT COST TOTALS: $ 6,680 1,536 

Filename: TPCS-Brevard Co Mid-Reach GRR LPP 080410 BCB Revised.xls 
TPCS 

Program Year (Budget EC): 
Effective Price Level Date: 

CNTG TOTAL ESC COST CNTG 

~ __!ill_ ~ __!ill_ __!ill_ 
E F G H I 

23% $ 7,009 0.8% 5742.6 1320.8 

23% $ 

23% $ 
23% $ 

23% $ 

23% 7,009 5742.6 1320.8 

23% $ 86 0.8% 70.5 16.2 

23% 

23% 18 0.8% 15.1 3.5 

23% 246 0.8% 201.5 46.4 

23% 25 0.8% 20.2 4 .6 

23% 10 0.8% 8.1 1.9 

23% 25 0.8% 20.2 4.6 

23% 12 0.8% 10.1 2.3 

23% 49 0.8% 40.3 9.3 

23% 596 0.8% 488.1 11 2 .3 

23% 141 0.8% 115.4 26.5 

23% 

8,217 6732.1 1548.4 

Printed:8/412010 
Page 5 of 10 

DISTRICT: SAJ PREPARED: 5/17/2010 
POC: CHIEF, COST ENGINEERING, Tracy Leeser, P.E. 

2011 
OCT 10 FULLY FUN DED PROJECT ESTIMATE 

TOTAL Mid-Point ESC COST CNTG FULL 

__!ill_ Date ~ __!ill_ __!ill_ __!ill_ 
J p L M N 0 

7063.4 2022Q1 20.7% 6930.0 1593.9 8523.9 

------ ---------
7063.4 6930.0 1593.9 8523.9 

86.8 2020Q2 17.0% 82.5 19.0 101.5 

18.6 2020Q2 17.0% 17.7 4.1 21.7 

247.9 2020Q2 17.0% 235.8 54.2 290.0 

24.8 2020Q2 17.0% 23.6 5.4 29.0 

9.9 2020Q2 17.0% 9.4 2.2 11.6 

24.8 2022Q1 20.7% 24.3 5.6 29.9 

12.4 2022Q1 20.7% 12.2 2.8 15.0 

49.6 2020Q2 17.0% 47.2 10.8 58 .0 

600.4 2022Q1 20.7% 589.0 135.5 724.5 

141.9 2022Q1 20.7% 139.2 32.0 171.3 

------ ---------
8280.4 8110.9 1865.5 9976.4 
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****TOTAL PROJECT COST SUMMARY**** 

"** CONTRACT COST SUMMARY •••• 

PROJECT: SHORE PROTECTION PROJECT, MID-REACH 
LOCATION: BREVARD COUNTY, FLORIDA 
This Estimate reflects the scope and schedule in report; GENERAL REEVALUTION REPORT- LOCALLY PREFERRED PLAN (OPTION 6) 

WBS 

NUMBER 
A 

Estimate Prepared: 27-Mar-10 
Effective Price Level: 1 OCT 10 

Civil Works 

Feature & Sub-Feature Description 
B 

COST 

__ruL_ 
c 

CNTG 

__ruL_ 
D 

17 
X 

X 

X 

X 

Contract 1115- 4th Renourishment 

BEACH REPLENISHMENT $ 5,698 $ 1,311 

CONSTRUCTION ESTIMAlE TOTALS: 

01 LANDS AND DAMAGES 

30 PLANNING, ENGINEERING & DESIGN 

2.5% Project Management 

2.0% 
8.5% 

2.0% 

2.0% 

Planning & Environmental Compliance 
Engineering & Design 

Engineering Tech Review ITR & VE 

Contracting & Reprographics 

3.0% Engineering During Construction 

2.0% Planning During Construction 

2.0% Cost Engineering 

31 CONSTRUCTION MANAGEMENT 

10.0% Construction Management 

2.0% Project Operation: 
2.5% Project Management 

$ 

$ 

$ 

$ 

$ 

$ 

$ 
$ 

$ 
$ 

$ 

$ 

$ 
$ 

$ 
$ 
$ 

5,698 

$ 

$ 

$ 

$ 

70 $ 

$ 

15 $ 
200 $ 

20 $ 
8 $ 

20 $ 

10 $ 

40 $ 

484 $ 
115 $ 

$ 

CONTRACT COST TOTALS: $ 6,680 

Filename: TPCS-Brevard Co Mid-Reach GRR LPP 080410 BCB Revised .xis 
TPCS 

1,311 

16 

46 

5 

111 

26 

1,536 

CNTG 

__f'& 
E 

TOTAL 

__ruL_ 
F 

23% $ 7,009 

23% $ 

23% $ 

23% $ 

23% $ 

23% 

23% $ 

23% 

23% 
23% 

23% 

23% 

23% 

23% 

23% 

23% 

23% 
23% 

7,009 

86 

18 
246 

25 

10 

25 

12 

49 

596 

141 

8,217 

Program Year (Budget EC): 
Effective Price Level Date: 

ESC 

__f'& 
G 

0.8% 

0.8% 

0.8% 
0.8% 

0.8% 

0.8% 

0.8% 

0.8% 

0.8% 

0.8% 

0.8% 

COST 

__ruL_ 
H 

5742.6 

5742.6 

70.5 

15.1 
201.5 

20.2 

8.1 

20.2 

10.1 

40.3 

488.1 

115.4 

6732.1 

CNTG 

__ruL_ 

1320.8 

1320.8 

16.2 

3 .5 
46.4 

4.6 

1.9 

4.6 

2.3 

9 .3 

112.3 

26.5 

1548.4 

Printed:8/4/2010 
Page 6 of 10 

DISTRICT: SAJ PREPARED: 5/17/2010 
POC: CHIEF, COST ENGINEERING, Tracy Leeser, P.E. 

2011 
OCT 10 

TOTAL 

__ruL_ 
J 

7063.4 

7063.4 

86.8 

18.6 
247.9 

24.8 

9.9 

24.8 

12.4 

49.6 

600.4 

141 .9 

8280.4 

FULLY FUN DED PROJECT ESTIMATE 

Mid-Point 

Date 
p 

202501 

202302 

202302 
202302 

202302 

202302 

202501 

202501 

202302 

202501 

202501 

ESC 

__f'& 
L 

27.3% 

23.4% 

23.4% 
23.4% 

23.4% 

23.4% 

27.3% 

27.3% 

23.4% 

27.3% 

27.3% 

COST 

__ruL_ 
M 

7311.0 

CNTG 
__ruL_ 

N 

1681.5 

FULL 

__ruL_ 
0 

8992.6 

--------- ---------
7311.0 

87.1 

18.7 
248.7 

24.9 

9.9 

25.7 

12.8 

49.7 

621.4 

146.9 

1681.5 

20.0 

4.3 
57.2 

5.7 

2.3 

5.9 

3.0 

11.4 

142.9 

33.8 

8992.6 

107.1 

22.9 
305.9 

30.6 

12.2 

31.6 

15.8 

61.2 

764.4 

180.7 

--------- ---------
8556.9 1968.1 10525.0 
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****TOTAL PROJECT COST SUMMARY**** 

"** CONTRACT COST SUMMARY •••• 

PROJECT: SHORE PROTECTION PROJECT, MID-REACH 
LOCATION: BREVARD COUNTY, FLORIDA 
This Estimate reflects the scope and schedule in report; GENERAL REEVALUTION REPORT- LOCALLY PREFERRED PLAN (OPTION 6) 

WBS 

NUMBER 
A 

Estimate Prepared: 27-Mar-10 
Effective Price Level: 1 OCT 10 

Civil Works 

Feature & Sub-Feature Description 
B 

COST 

__ruL_ 
c 

CNTG 

__ruL_ 
D 

17 
X 

X 

X 

X 

Contract m3- 5th Renourishment 

BEACH REPLENISHMENT $ 5,698 $ 1,311 

CONSTRUCTION ESTIMAlE TOTALS: 

01 LANDS AND DAMAGES 

30 PLANNING, ENGINEERING & DESIGN 

2.5% Project Management 

2.0% 
8.5% 

2.0% 

2.0% 

Planning & Environmental Compliance 
Engineering & Design 

Engineering Tech Review ITR & VE 

Contracting & Reprographics 

3.0% Engineering During Construction 

2.0% Planning During Construction 

2.0% Cost Engineering 

31 CONSTRUCTION MANAGEMENT 

10.0% Construction Management 

2.0% Project Operation: 
2.5% Project Management 

$ 

$ 

$ 

$ 

$ 

$ 

$ 
$ 

$ 
$ 

$ 

$ 

$ 
$ 

$ 
$ 
$ 

5,698 

$ 

$ 

$ 

$ 

70 $ 

$ 

15 $ 
200 $ 

20 $ 
8 $ 

20 $ 

10 $ 

40 $ 

484 $ 
115 $ 

$ 

CONTRACT COST TOTALS: $ 6,680 

Filename: TPCS-Brevard Co Mid-Reach GRR LPP 080410 BCB Revised .xis 
TPCS 

1,311 

16 

46 

5 

111 

26 

1,536 

CNTG 

__f'& 
E 

TOTAL 

__ruL_ 
F 

23% $ 7,009 

23% $ 

23% $ 

23% $ 

23% $ 

23% 

23% $ 

23% 

23% 
23% 

23% 

23% 

23% 

23% 

23% 

23% 

23% 
23% 

7,009 

86 

18 
246 

25 

10 

25 

12 

49 

596 

141 

8,217 

Program Year (Budget EC): 
Effective Price Level Date: 

ESC 

__f'& 
G 

0.8% 

0.8% 

0.8% 
0.8% 

0.8% 

0.8% 

0.8% 

0.8% 

0.8% 

0.8% 

0.8% 

COST 

__ruL_ 
H 

5742.6 

5742.6 

70.5 

15.1 
201.5 

20.2 

8.1 

20.2 

10.1 

40.3 

488.1 

115.4 

6732.1 

CNTG 

__ruL_ 

1320.8 

1320.8 

16.2 

3 .5 
46.4 

4.6 

1.9 

4.6 

2.3 

9 .3 

112.3 

26.5 

1548.4 

Printed:8/4/2010 
Page 7 of 10 

DISTRICT: SAJ PREPARED: 5/17/2010 
POC: CHIEF, COST ENGINEERING, Tracy Leeser, P.E. 

2011 
OCT 10 

TOTAL 

__ruL_ 
J 

7063.4 

7063.4 

86.8 

18.6 
247.9 

24.8 

9.9 

24.8 

12.4 

49.6 

600.4 

141 .9 

8280.4 

FULLY FUN DED PROJECT ESTIMATE 

Mid-Point 

Date 
p 

202801 

202602 

202602 
202602 

202602 

202602 

202801 

202801 

202602 

202801 

202801 

ESC 

__f'& 
L 

34.3% 

30.2% 

30.2% 
30.2% 

30.2% 

30.2% 

34.3% 

34.3% 

30.2% 

34.3% 

34.3% 

COST 

__ruL_ 
M 

7713.0 

CNTG 
__ruL_ 

N 

1774.0 

FULL 

__ruL_ 
0 

9487.0 

--------- ---------
7713.0 

91.8 

19.7 
262.4 

26.2 

10.5 

27.1 

13.5 

52.5 

655.6 

155.0 

1774.0 

21.1 

4.5 
60.4 

6.0 

2.4 

6 .2 

3.1 

12.1 

150.8 

35.6 

9487.0 

113.0 

24.2 
322.8 

32.3 

12.9 

33.3 

16.6 

64.6 

806.4 

190.6 

--------- ---------
9027.3 2076.3 11103.6 
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****TOTAL PROJECT COST SUMMARY**** 

"** CONTRACT COST SUMMARY •••• 

PROJECT: SHORE PROTECTION PROJECT, MID-REACH 
LOCATION: BREVARD COUNTY, FLORIDA 
This Estimate reflects the scope and schedule in report; GENERAL REEVALUTION REPORT- LOCALLY PREFERRED PLAN (OPTION 6) 

WBS 

NUMBER 
A 

Estimate Prepared: 27-Mar-10 
Effective Price Level: 1 OCT 10 

Civil Works 

Feature & Sub-Feature Description 
B 

COST 

__ruL_ 
c 

CNTG 

__ruL_ 
D 

17 
X 

X 

X 

X 

Contract #7- 6th Renourishment 

BEACH REPLENISHMENT $ 5,698 $ 1,311 

CONSTRUCTION ESTIMAlE TOTALS: 

01 LANDS AND DAMAGES 

30 PLANNING, ENGINEERING & DESIGN 

2.5% Project Management 

2.0% 
8.5% 

2.0% 

2.0% 

Planning & Environmental Compliance 
Engineering & Design 

Engineering Tech Review ITR & VE 

Contracting & Reprographics 

3.0% Engineering During Construction 

2.0% Planning During Construction 

2.0% Cost Engineering 

31 CONSTRUCTION MANAGEMENT 

10.0% Construction Management 

2.0% Project Operation: 
2.5% Project Management 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

5,698 

$ 

$ 

$ 

$ 

70 $ 

$ 

15 $ 
200 $ 

20 $ 

8 $ 
20 $ 

10 $ 

40 $ 

484 $ 

115 $ 

$ 

CONTRACT COST TOTALS: $ 6,680 

Filename: TPCS-Brevard Co Mid-Reach GRR LPP 080410 BCB Revised .xis 
TPCS 

1,311 

16 

46 

5 

111 

26 

1,536 

CNTG 

__f'& 
E 

TOTAL 

__ruL_ 
F 

23% $ 7,009 

23% $ 

23% $ 

23% $ 

23% $ 

23% 

23% $ 

23% 

23% 
23% 

23% 

23% 

23% 

23% 

23% 

23% 

23% 
23% 

7,009 

86 

18 
246 

25 

10 

25 

12 

49 

596 

141 

8,217 

Program Year (Budget EC): 
Effective Price Level Date: 

ESC 

__f'& 
G 

0.8% 

0.8% 

0.8% 
0.8% 

0.8% 

0.8% 

0.8% 

0.8% 

0.8% 

0.8% 

0.8% 

COST 

__ruL_ 
H 

5742.6 

5742.6 

70.5 

15.1 
201.5 

20.2 

8.1 

20.2 

10.1 

40.3 

488.1 

115.4 

6732.1 

CNTG 

__ruL_ 

1320.8 

1320.8 

16.2 

3 .5 
46.4 

4.6 

1.9 

4.6 

2.3 

9 .3 

112.3 

26.5 

1548.4 

Printed:8/4/2010 
Page 8 of 10 

DISTRICT: SAJ PREPARED: 5/17/2010 
POC: CHIEF, COST ENGINEERING, Tracy Leeser, P.E. 

2011 
OCT 10 

TOTAL 

__ruL_ 
J 

7063.4 

7063.4 

86.8 

18.6 
247.9 

24.8 

9.9 

24.8 

12.4 

49.6 

600.4 

141 .9 

8280.4 

FULLY FUN DED PROJECT ESTIMATE 

Mid-Point 

Date 
p 

203101 

202902 

202902 
202902 

202902 

202902 

203101 

203101 

202902 

203101 

203101 

ESC 

__f'& 
L 

41.7% 

37.3% 

37.3% 
37.3% 

37.3% 

37.3% 

41.7% 

41.7% 

37.3% 

41 .7% 

41 .7% 

COST 

__ruL_ 
M 

8137.0 

CNTG 
__ruL_ 

N 

1871.5 

FULL 

__ruL_ 
0 

10008.5 

--------- ---------
8137.0 

96.9 

20.8 
276.8 

27.7 

11.1 

28.6 

14.3 

55.4 

691.6 

163.5 

1871.5 

22.3 

4.8 
63.7 

6.4 

2.5 

6 .6 

3.3 

12.7 

159.1 

37.6 

10008.5 

119 .2 

25.5 
340.5 

34.0 

13.6 

35.1 

17.6 

68.1 

850.7 

201.1 

--------- ---------
9523.6 2190.4 11714.0 
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****TOTAL PROJECT COST SUMMARY**** 

"**CONTRACT COST SUMMARY •••• 

PROJECT: SHORE PROTECTION PROJECT, MID-REACH 
LOCATION: BREVARD COUNTY, FLORIDA 
This Estimate reflects the scope and schedule in report; GENERAL REEVALUTION REPORT- LOCALLY PREFERRED PLAN (OPTION 6) 

Estimate Prepared: 27-Mar-10 
Effective Price Level: 1 OCT 10 

WBS Civil Works COST CNTG 

NUMBER Feature & Sub-Feature Descri~tion __!1ISL __!1ISL 
A B c D 

Contract #8- 7th Renourishment 

17 BEACH REPLENISHMENT $ 5,69B $ 1,311 

X $ $ 

X $ $ 

X $ $ 

X $ $ 

CONSTRUCTION ESTIMATE TOTALS: 5,69B 1,311 

01 LANDS AND DAMAGES $ 70 $ 16 

30 PLANNING, ENGINEERING & DESIGN 

2.5% Project Management $ $ 

2.0% Planning & Environmental Compliance $ 15 $ 3 

8.5% Engineering & Design $ 200 $ 46 

2.0% Engineering Tech Review ITR & VE $ 20 $ 5 

2.0% Contracting & Reprographics $ B $ 2 

3.0% Engineering During Construction $ 20 $ 5 

2.0% Planning During Construction $ 10 $ 2 

2.0% Cost Engineering $ 40 $ 9 

$ 
31 CONSTRUCTION MANAGEMENT 

10.0% Construction Management $ 484 $ 111 

2.0% Project Operation: $ 115 $ 26 
2.5% Project Management $ $ 

CONTRACT COST TOTALS: $ 6,680 1,536 

Filename: TPCS-Brevard Co Mid-Reach GRR LPP 080410 BCB Revised.xls 
TPCS 

Program Year (Budget EC): 
Effective Price Level Date: 

CNTG TOTAL ESC COST CNTG 

~ __!1ISL ~ __!1ISL __!1ISL 
E F G H I 

23% $ 7,009 0.8% 5742.6 1320.8 

23% $ 

23% $ 

23% $ 

23% $ 

23% 7,009 5742.6 1320.8 

23% $ 86 0.8% 70.5 16.2 

23% 

23% 18 0.8% 15.1 3.5 

23% 246 0.8% 201.5 46.4 

23% 25 0.8% 20.2 4.6 

23% 10 0.8% 8.1 1.9 

23% 25 0.8% 20.2 4.6 

23% 12 0.8% 10.1 2.3 

23% 49 0.8% 40.3 9.3 

23% 596 0.8% 488.1 112.3 

23% 141 0.8% 115.4 26.5 

23% 

8,217 6732.1 1548.4 

Printed:8/412010 
Page 9 of 10 

DISTRICT: SAJ PREPARED: 5/17/2010 
POC: CHIEF, COST ENGINEERING, Tracy Leeser, P.E. 

2011 
OCT10 FULLY FUNDED PROJECT ESTIMATE 

TOTAL Mid-Point ESC COST CNTG FULL 

__!1ISL Date ~ __!1ISL __!1ISL __!1ISL 
J p L M N 0 

7063.4 203401 49.5% 8584.4 1974.4 10558.8 

------ ---------
7063.4 8584.4 1974.4 10558.8 

86.8 203202 44.9% 102.2 23.5 125.7 

18.6 203202 44.9% 21.9 5.0 26.9 

247.9 203202 44.9% 292.0 67.2 359.2 

24.8 203202 44.9% 29.2 6.7 35.9 

9.9 203202 44.9% 11.7 2.7 14.4 

24.8 203401 49.5% 30.1 6.9 37.1 

12.4 203401 49.5% 15.1 3.5 18.5 

49.6 203202 44.9% 58.4 13.4 71.8 

600.4 203401 49.5% 729.7 167.8 897.5 

141.9 203401 49.5% 172.5 39.7 212.2 

------ ---------
8280.4 10047.2 2310.9 12358.1 
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****TOTAL PROJECT COST SUMMARY**** 

"** CONTRACT COST SUMMARY •••• 

PROJECT: SHORE PROTECTION PROJECT, MID-REACH 
LOCATION: BREVARD COUNTY, FLORIDA 
This Estimate reflects the scope and schedule in report; GENERAL REEVALUTION REPORT- LOCALLY PREFERRED PLAN (OPTION 6) 

WBS 

NUMBER 
A 

Estimate Prepared: 27-Mar-10 
Effective Price Level: 1 OCT 10 

Civil Works 

Feature & Sub-Feature Description 
B 

COST 

__ruL_ 
c 

Contracts #9 thru #17- 8th thru 16th Renourishments 

CNTG 

__ruL_ 
D 

17 
X 

X 

X 

X 

BEACH REPLENISHMENT $ 51,286 $ 11 ,796 

CONSTRUCTION ESTIMAlE TOTALS: 

01 LANDS AND DAMAGES 

30 PLANNING, ENGINEERING & DESIGN 

2.5% Project Management 

2.0% 

8.5% 

2.0% 

2.0% 

3.0% 

2.0% 

2.0% 

Planning & Environmental Compliance 

Engineering & Design 

Engineering Tech Review ITR & VE 

Contracting & Reprographics 

Engineering During Construction 

Planning During Construction 

Cost Engineering 

31 CONSTRUCTION MANAGEMENT 

10.0% Construction Management 

2.0% Project Operation: 

2.5% Project Management 

$ 

$ 

$ 

$ 

$ 

$ 

$ 
$ 

$ 
$ 

$ 

$ 

$ 
$ 

51,286 

$ 

$ 

$ 

$ 

630 $ 

$ 

135 $ 
1,800 $ 

180 $ 
72 $ 

180 $ 

90 $ 

360 $ 

11 ,796 

145 

31 

414 

41 

17 
41 

21 

83 

$ 4,359 $ 1,003 

$ 1,031 $ 237 

$ $ 

CONTRACT COST TOTALS: $ 60, 123 13,828 

Filename: TPCS-Brevard Co Mid-Reach GRR LPP 080410 BCB Revised .xis 
TPCS 

CNTG 

__f'& 
E 

TOTAL 

__ruL_ 
F 

23% $ 63,082 

23% $ 

23% $ 

23% $ 

23% $ 

23% 

23% $ 

23% 

23% 

23% 

23% 

23% 

23% 

23% 

23% 

23% 

23% 

23% 

63,082 

775 

166 

2,214 

221 

89 

221 

111 

443 

5,362 

1,268 

73,951 

Program Year (Budget EC): 
Effective Price Level Date: 

ESC 

__f'& 
G 

COST 

__ruL_ 
H 

CNTG 

__ruL_ 

0.8% 51683.3 11887.2 

0.8% 

0.8% 

0.8% 

0.8% 

0.8% 

0.8% 

0.8% 

0.8% 

0.8% 

0.8% 

51683.3 11887.2 

634.9 

136.0 

1813.9 

181.4 

72.6 

181.4 

90.7 

362.8 

4393.1 

1038.5 

146.0 

31.3 

417.2 

41.7 

16.7 

41.7 

20.9 

83.4 

1010.4 

238.9 

60588.6 13935.4 

Printed:B/4/2010 
Page 10 of 10 

DISTRICT: SAJ PREPARED: 5/17/2010 
POC: CHIEF, COST ENGINEERING, Tracy Leeser, P.E. 

2011 
OCT 10 

TOTAL 

__ruL_ 
J 

63570.5 

63570.5 

780.9 

167.3 

2231.2 

223.1 

89.2 

223.1 

111.6 

446.2 

5403.5 

1277.3 

74524.0 

FULLY FUN DED PROJECT ESTIMATE 

Mid-Point 

Date 
p 

203701 

203502 

203502 

203502 

203502 

203502 

203701 

203701 

203502 

203701 

20370 1 

ESC 

__f'& 
L 

COST 

__ruL_ 
M 

CNTG 
__ruL_ 

N 

FULL 

__ruL_ 
0 

58.5% 81904.7 18838.1 100742.8 

53.0% 

53.0% 

53.0% 

53.0% 

53.0% 

58.5% 

58.5% 

53.0% 

58.5% 

58.5% 

--------- ---------
81904.7 18838.1 

971.6 

208.2 

2776.0 

277.6 

111.0 

287.5 

143.7 

555.2 

6961.9 

1645.7 

223.5 

47.9 

638.5 

63.8 

25.5 

66.1 

33.1 

127.7 

1601.2 

378 .5 

100742.8 

1195.1 

256.1 

3414.5 

341.4 

136.6 

353.6 

176.8 

682.9 

8563.1 

2024.2 

--------- ---------
95843.2 22043.9 117887.2 
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BREVARD COUNTY, FLORIDA 
SHORE PROTECTION PROJECT MID-REACH GRR 

USACE -JACKSONVILLE DISTRICT 
COST ENGINEERING DX TPCS RE-CERTIFICATION 

As of August 5, 2010, Walla Walla District, Cost Engineering Directory of Expertise 
(Dx) for Civil Works re-certifies the cost revisions made in April, May and August of 
20 1 0 by Jacksonville District to the Brevard County Florida Shore Protection Project 
Mid-Reach. This certification supersedes all previous certifications due to corrections 
made for Lands and Damages future renourishments. The cost re-certification presents 
the total project cost values of both the national economic development plan (NED) and 
the locally preferred plan (LPP). The presented value includes the initial project plus 16 
re-nourishments through year 2060: 

NED 
Program Year 2011 
Fully Funded Estimate: 

LPP 
Program Year 2011 
Fully Funded Estimate: 

$165,167,000 
$225,682,000 

$164,936,000 
$225,437,000 

The Walia Walia Cost Dx representatives have provided an adequate Agency Technical 
Review {ATR) ofthe Total Project Cost baseline, studying the project scope, report, cost 
estimates, schedules, escalation, risk analysis and contingencies in accordance with ER 
1110-2-11 50 Engineering and Design for Civil Works Projects and ER 1110-2-1302 
Civil Works Cost Engineering. 

t !l_ll't' 2D 10 
Date 

tAL~ 
AOilllP:skarbek 

CH, Cost Engineering Branch 
Walla Walla District 
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Economic Analysis and Benefit Evaluation For 
Storm Induced Damages 

Brevard County, Florida Shore Protection Project 
Mid-Reach Segment 

 
 
INTRODUCTION 
 
1. The purpose of this Appendix is to provide the economic benefits for the Brevard 
County Shore Protection Project, Mid-Reach Segment. This was accomplished by 
identifying potential losses that could occur from storm-induced damages to 
residential, commercial and retail structures along the beach. The analysis assessed 
the expected damages caused by storms without the project and the National 
Economic Development (NED) benefits to be derived from improvements based on 
the expected reduction in storm damages.  An analysis of the recreational benefits to 
be derived from alternative plans was incorporated into the final results.  
 
2. Brevard County is located on the eastern coast of Florida, about midway 
between Jacksonville and Miami, and about 14 miles south of Port Canaveral.  It is 
comprised of wetlands, marshes, undeveloped land, agricultural, and urban areas.  
The Mid-Reach Segment is so named as it is in the middle of the county between 
the Federally authorized and constructed North and South Reaches of the Brevard 
County Shore Protection Project.  The Mid-Reach Segment contains parts of the 
cities of Satellite Beach, Indian Harbour Beach, Indialantic, and unincorporated 
Brevard County.  The Mid-Reach consists of approximately 7.78 miles of shoreline, 
from the south end of Patrick Air Force Base to approximately Flug Avenue in 
Indialantic (from Department of Environmental Protection (DEP) monument R75.4 to 
R119). 
 
3. The Brevard County Mid-Reach shoreline is impacted by long term erosion of the 
shoreline, which has reduced the volume of material available to buffer against 
storm attack. The beach is impacted additionally by periodic storms that have 
accelerated beach erosion and increased the probability for damage to structures.  
The Mid-Reach shoreline is affected by both tropical cyclones (tropical depressions, 
tropical storms and hurricanes) and extra-tropical storms (northeasters).  The results 
are large-scale erosion and dramatic shoreline changes over relatively short periods 
of time.  Under severe storm conditions, super-elevation of water levels and 
substantial wave energy allows breaking waves to occur at increasing elevations on 
the beach, increasing the risk of coastal structures to damage.  Economic losses are 
realized when storms damage coastal properties.   
 
4. The beach along Brevard County is also an important recreational resource to 
the County and a significant part of the County’s tax base.  Public beach areas are 
scattered along the length of the shoreline.  Recreational use of the beach is taken 
into account in a recreational benefit analysis of project alternatives. 
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PREVIOUS STUDIES 
 
5. An economic evaluation of the Mid-Reach segment was included in early efforts 
of the September 1996 Brevard County Shore Protection Project Feasibility Study.  
The Mid-Reach segment was removed from the selected plan due to environmental 
concerns that required further analysis.  The General Reevaluation Study was 
initiated to consider the Mid-Reach segment independently so as to appropriately 
address all concerns.   
 
6. This Economic Appendix attempts to follow the same principles as that initiated 
in the Feasibility Study and follow current policy and regulations.  New alternative 
formulation, structural inventory, storm damage assessment, and recreational 
benefit calculations were completed to identify the NED plan for the Mid-Reach 
segment. 
                        
THE STUDY AREA 
 
7. The Mid-Reach study area extends from the southern end of Patrick Air Force 
Base (DEP 75.4) south to approximately Flug Avenue in Indialantic (DEP 119) 
where the Brevard County South Reach project begins.  The length of the study area 
is about 7.78 miles.  The study area was divided into six Reaches based on the 
acreage of nearshore rock.  Reach 1 is the farthest south and Reach 6 is the farthest 
north, as shown in Table B-1 and Figure B-1.  These reaches are used in 
developing the benefits and costs for incremental analysis 
 

Table B-1:  Reach Lengths 
 

Reach Start DEP 
Monument

End DEP 
Monument

Reach Length 
(feet)

Reach 1 R-109 R-119 9,599
Reach 2 R-105.5 R-109 3,406
Reach 3 R-99 R-105.5 6,239
Reach 4 R-93 R-99 5,603
Reach 5 R-83 R-93 9,029
Reach 6 R-75.4 R-83 7,207  
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Figure B-1:  Brevard Mid-Reach Study Area 
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Existing Conditions  
 
8. A structural inventory was compiled for all properties vulnerable to coastal waves 
and surge in the Mid-Reach study area.  Jacksonville District real estate specialists 
completed a physical inspection and field work in April 2005.  The real estate values 
were updated to 2008 price levels using the construction cost index from the 
Engineering News Record.  In addition, information from Brevard County and Olsen 
Associates 2003 study of the Mid-Reach area was used.  The Florida Department of 
Revenue conducts annual audits for each county to insure that the appropriate 
values are being used for assessments and that information used to adjust 
assessments each year has been verified in the market.  In Florida, the 
assessments are based on a depreciated replacement cost and, by law, the 
assessments are to reflect between 85 to 90% of the market value.  The values of 
structures and improvements used by the county  tax appraiser’s office were 
developed using the cost approach.  The assessed values for each structure within 
the project area were obtained from the County.  The subject properties were then 
analyzed to see if any recent sales had occurred and adjusted accordingly.  
Structure values are presented in 2008 price level and represent the replacement 
cost of the structure less depreciation.  The predominant structures are 
condominiums and single-family homes, with few commercial/retail structures.  Only 
structures east of Highway A1A were included in the inventory since the storm 
damage model used in this analysis is based on recession.  Highway A1A is a major 
highway and would protect areas to the west from being impacted by recession. 
 
9. The existence of hazardous material, which may or may not be present on the 
property, was not observed by the appraiser.  The appraiser has no knowledge of 
the existence of such materials on or in the property.  The appraiser, however, is not 
qualified to detect such substances.  The presence of substances such as asbestos, 
urea-formaldehyde foam insulation or other hazardous materials may affect the 
value of the property.  The value estimate is predicated on the assumption that there 
is no such material on or in the property that would cause a loss in value.  No 
responsibility is assumed for any such conditions, or for any expertise or engineering 
knowledge required to discover them.  Verification of sales data was not completed 
as part of this study.  
 
10.   Research into the content value from insurance sources and similar USACE 
projects, indicated a range of content values between 10% and 50% of the structure 
value.  A factor of 25% was applied to the structure values to compute the content 
value.  The structure values are shown in Table B-2. 
  
11.   Additional information was assembled for the analysis including structure 
locations, number of floors, year of construction, and coastal armoring.  Field 
investigations, 2004 aerial photography, February 2005 topographic and bathymetric 
surveys, the Brevard County parcel database, and existing reports were used to 
gather this information.  The majority of structures along the Mid-Reach have no 
coastal armor.  Coastal armor, when present, was inventoried for type and protective 
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value.  A land value of $15 per linear foot was determined by Jacksonville District 
real estate staff for nearshore properties and adjusted to $16.31 per linear foot using 
the Consumer Price Index (CPI).  The shoreline position change rates were provided 
by Jacksonville District Engineering Division for each reach along the Mid-Reach 
based on historical and recent survey information (see Table B-3).  
 
12.   Three linear measurements were made for each structure in reference to 
shoreline position:  (1) distance to the coastal armor, (2) distance to the face of the 
structure, and (3) distance to the failure point of the structure.  Structures on slabs 
were assumed to fail at the midpoint of the structure and structures on piles were 
assumed to fail at the landward point of the structure.  The age of the structure was 
used to aid in determining which method to use, following a Florida building code 
change in 1985 that required most coastal construction to use pile supports.  
 
13.   A relationship between shoreline recession and storm events (surge), presented 
as frequency in percent occurrence and recession in feet was also developed.  A co-
operative study between investigators at the Coastal Engineering Research Center 
[CERC] and the Department of Water Resources Engineering [DWRE] developed a 
numerical model program [SBEACH] which calculates dune and beach erosion 
produced by storm waves and water levels.  Use of SBEACH is required for beach 
fill design projects pursuant to a letter dated 28 September 1990 from the Director of 
Civil Works, Department of the Army.  SBEACH was used to analyze shoreline 
recession in the 1996 Feasibility Study for Brevard County.  Review by Jacksonville 
District coastal engineers concluded that no new information was available that 
would change the results of that modeling effort and that the storm frequency 
relationship used in the 1996 study was still relevant to the current Mid-Reach study.  
Storm induced recession is defined as the horizontal distance from the mean high 
water shoreline to the furthermost landward extent of the storm erosion envelope.  It 
is assumed that the storm induced recession distance is the predicted mean 
recession distance for a given surge event.   
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Table B-2: Structure Values (shown by Reach from north to south) 
 

 
 
 
 

REACH 6 Structure Content Total
Site Name Street Address Value Value (25%) Value
Pineda  Phase I 101 Hwy A1A $1,490,832 $372,708 $1,863,540
Pineda Phase II 155 Hwy A1A $3,641,203 $910,301 $4,551,504
Pineda Phase III 175 Hwy A1A $4,421,113 $1,105,278 $5,526,391
Oceanus I 199 Hwy A1A $1,958,061 $489,515 $2,447,576
Oceanus II 199 Hwy A1A $1,958,061 $489,515 $2,447,576
Oceanus III 199 Hwy A1A $1,958,061 $489,515 $2,447,576
Oceanus IV 199 Hwy A1A $1,958,061 $489,515 $2,447,576
Sandpiper Towers I 205 Hwy A1A $5,684,000 $1,421,000 $7,105,000
Flores de Playa 245 Hwy A1A $8,558,973 $2,139,743 $10,698,716
Ocean Residence N 261 Ocean Residence C $1,070,264 $267,566 $1,337,830
Opal Seas 275 Hwy A1A $8,925,235 $2,231,309 $11,156,544
Park - State of FL 285 Hwy A1A $12,753 $0 $12,753
Sea Gull Park $4,251 $0 $4,251
Silver Sands I 295 Hwy A1A $6,049,708 $1,512,427 $7,562,135
Silver Sands II 297 Hwy A1A $6,345,000 $1,586,250 $7,931,250
Sea Breakers 307 Hwy A1A $1,316,804 $329,201 $1,646,005
Horizon II 401 Hwy A1A $4,683,396 $1,170,849 $5,854,245
Horizon I 403 Hwy A1A $4,206,550 $1,051,638 $5,258,188
Horizon III 405 Hwy A1A $4,511,732 $1,127,933 $5,639,665
Horizon IV 407 Hwy A1A $5,178,319 $1,294,580 $6,472,899
SPRA Park 501 Hwy A1A $108,321 $0 $108,321
parking lot $108,321 $0 $108,321
parking lot $108,321 $0 $108,321
Las Brisas I 537 Hwy A1A $956,650 $239,163 $1,195,813
Las Brisas II 553 Hwy A1A $986,320 $246,580 $1,232,900
Monaco Condo 571 Hwy A1A $2,884,143 $721,036 $3,605,179
Monaco Condo $2,884,143 $721,036 $3,605,179
Monaco Condo 579 Hwy A1A $2,922,996 $730,749 $3,653,745
Monaco Condo $2,922,996 $730,749 $3,653,745
TIITF - State of FL $1 $0 $1
City of Satellite Beach $1 $0 $1
Brevard County $1 $0 $1
Brevard County 815 Hwy A1A $67,871 $0 $67,871
City of Satellite Beach North part of parcel $1 $0 $1

Subtotal Reach 6 $87,882,463 $21,868,156 $109,750,619

REACH 5 Structure Content Total
Site Name Street Address Value Value (25%) Value
City of Satellite Beach South Part of Parcel $1 $0 $1
TIITF - State of FL $1 $0 $1
New House 905 Hwy A1A $1,079,232 $269,808 $1,349,040
Vacant $1 $0 $1
Majesty Palm Condo 925 Hwy A1A $7,957,600 $1,989,400 $9,947,000
Vacant 951 Hwy A1A $1 $0 $1
Paradise Beach Club 975 Hwy A1A $5,684,000 $1,421,000 $7,105,000
Oceana Beach Club 1035 Hwy A1A $5,742,464 $1,435,616 $7,178,080
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Table B-2 continued 
 

 
 
 
 
 
 

Table B-2 continued 

New House 1055 Hwy A1A $1,086,166 $271,542 $1,357,708
Drug Store 1077 Hwy A1A $243,600 $60,900 $304,500
The Oceans 1085 Hwy A1A $15,167,173 $3,791,793 $18,958,966
The Buccaneer Club I 1125 Hwy A1A $7,522,985 $1,880,746 $9,403,731
The Buccaneer Club II 1125 Hwy A1A $5,630,603 $1,407,651 $7,038,254
The Buccaneer Condo Apts 1175 Hwy A1A $11,038,028 $2,759,507 $13,797,535
Seamark 1195 Hwy A1A $924,147 $231,037 $1,155,184
Las Olas 1215 Hwy A1A $10,033,981 $2,508,495 $12,542,476
House 10 Park Ave $487,200 $121,800 $609,000
House 20 Park Ave $487,200 $121,800 $609,000
House 30 Park Ave $487,200 $121,800 $609,000
Park Avenue Public R.O.W. $55,216 $0 $55,216
House 5 Park Ave $487,200 $121,800 $609,000
House 15 Park Ave $487,200 $121,800 $609,000
House 1253 Hwy A1A $487,200 $121,800 $609,000
Sand Castle Condo 1273 Hwy A1A $4,222,400 $1,055,600 $5,278,000
Sand Castle - pool $730,800 $0 $730,800
New Construction $112,000 $28,000 $140,000
City of Satellite Beach easement $1 $0 $1
La Colonnade Condo 1303 Hwy A1A $1,558,140 $389,535 $1,947,675
La Playa East pool & garage $406,000 $0 $406,000
La Playa East Condo 1343 Hwy A1A $4,541,613 $1,135,403 $5,677,016
TIITF - State of FL $1 $0 $1
Misty Shore 1369 Hwy A1A $5,309,489 $1,327,372 $6,636,861
Jordan Realty 1363 Hwy A1A $243,600 $60,900 $304,500
Summer Cove 1385 Hwy A1A $2,011,664 $502,916 $2,514,580
Reflections 1395 Hwy A1A $2,905,758 $726,440 $3,632,198
City of Satellite Beach public access $1 $0 $1
Emerald Shores 1405 Hwy A1A $5,723,853 $1,430,963 $7,154,816
Sea Villa 1425 Hwy A1A $3,030,384 $757,596 $3,787,980
East Wind II 1455 Hwy A1A $4,481,054 $1,120,264 $5,601,318
East Wind I 1465 Hwy A1A $4,201,305 $1,050,326 $5,251,631
Brevard County 1495 Hwy A1A $148,823 $0 $148,823
Pelican Beach Park 1525 Hwy A1A $95,612 $0 $95,612

Subtotal Reach 5 $114,810,897 $28,343,612 $143,154,507

REACH 4 Structure Content Total
Site Name Street Address Value Value (25%) Value
Pelican Beach Park 1525 Hwy A1A $95,612 $0 $95,612
Brevard County $1 $0 $1
Brevard County $1 $0 $1
City of Satellite Beach $1 $0 $1
City of Satellite Beach $1 $0 $1
Ocean Royale 1595 Hwy A1A $1,542,800 $385,700 $1,928,500
Magnolia Ave public R.O.W. $55,216 $0 $55,216
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House 610 Ocean Street $98,625 $24,656 $123,281
House 620 Ocean Street $65,610 $16,403 $82,013
House 626 Ocean Street $157,544 $39,386 $196,930
Townhouse 630 Ocean Street $116,132 $29,033 $145,165
Townhouse 632 Ocean Street $118,552 $29,638 $148,190
Townhouse 634 Ocean Street $117,821 $29,455 $147,276
House 638 Ocean Street $296,591 $74,148 $370,739
House 640 Ocean Street $221,204 $55,301 $276,505
House 648 Ocean Street $222,520 $55,630 $278,150
House 609 Ocean Street $243,600 $60,900 $304,500
Vacant $1 $0 $1
Magellan Ave public R.O.W. $55,216 $0 $55,216
House 1655 Hwy A1A $243,600 $60,900 $304,500
House $406,000 $101,500 $507,500
House 1683 Hwy A1A $555,116 $138,779 $693,895
House 1687 Hwy A1A $552,160 $138,040 $690,200
City of Satellite Beach $1 $0 $1
Townhouses 1697 Hwy A1A $552,160 $138,040 $690,200
Sunrise Ave public R.O.W. $64,960 $0 $64,960
City of Satellite Beach $1 $0 $1
House 715 Beach Street $321,260 $80,315 $401,575
House 721 Beach Street $361,453 $90,363 $451,816
House 725 Beach Street $417,238 $104,310 $521,548
House 735 Beach Street $406,000 $101,500 $507,500
House 745 Beach Street $326,749 $81,687 $408,436
City of Satellite Beach $1 $0 $1
City of Satellite Beach $1 $0 $1
Palmetto Ave public R.O.W. $48,720 $0 $48,720
City of Satellite Beach $1 $0 $1
City of Satellite Beach $67,871 $0 $67,871
House 785 Shell Street $125,583 $31,396 $156,979
House 789 Shell Street $40,356 $10,089 $50,445
House 795 Shell Street $40,356 $10,089 $50,445
House 797 Shell Street $207,872 $51,968 $259,840
Commerical/strip $32,000 $8,000 $40,000
Vacant 782 Shell Street $1 $0 $1
Vacant 786 Shell Street $1 $0 $1
Commerical/strip 1777 Hwy A1A $32,000 $8,000 $40,000
Volunteer Way public R.O.W. $64,960 $0 $64,960
Lantana Condo 1791 Hwy A1A $4,877,457 $1,219,364 $6,096,821
Lantana Condo 1791 Hwy A1A $4,877,457 $1,219,364 $6,096,821
Lantana Condo 1791 Hwy A1A $4,877,457 $1,219,364 $6,096,821
Lantana Condo 1791 Hwy A1A $4,877,457 $1,219,364 $6,096,821
Bicentennial Park $129,920 $0 $129,920
Bicentennial Park $81,200 $0 $81,200

Subtotal Reach 4 $27,994,417 $6,832,686 $34,827,099
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Table B-2 continued 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

REACH 3 Structure Content Total
Site Name Street Address Value Value (25%) Value
Ocean Dunes Drive public R.O.W. $64,960 $0 $64,960
Aloha Condo 1891 Hwy A1A $1,156,831 $289,208 $1,446,039
SatCom Direct 1901 Hwy A1A $896,448 $224,112 $1,120,560
The Christal II 1907 Hwy A1A $6,780,735 $1,695,184 $8,475,919
The Christal I 1919 Hwy A1A $4,239,468 $1,059,867 $5,299,335
Seashore Estates I 1923 Hwy A1A $2,597,000 $649,250 $3,246,250
Seashore Estates II 1923 Hwy A1A $2,597,000 $649,250 $3,246,250
Seashore Estates Access 1923 Hwy A1A $1 $0 $1
TIITF - State of FL $1 $0 $1
Golden Palm 1941 Hwy A1A $3,789,563 $947,391 $4,736,954
Serena Shores II 2025 Hwy A1A $6,008,464 $1,502,116 $7,510,580
Serena Shores I 2035 Hwy A1A $5,946,394 $1,486,599 $7,432,993
Indian Harbour Bch Club 2055 Hwy A1A $5,967,639 $1,491,910 $7,459,549
Somerset Condo 2065 Hwy A1A $14,486,371 $3,621,593 $18,107,964
Somerset Condo 2065 Hwy A1A $14,486,371 $3,621,593 $18,107,964
Somerset Condo 2065 Hwy A1A $14,486,371 $3,621,593 $18,107,964
Somerset Condo 2065 Hwy A1A $14,486,371 $3,621,593 $18,107,964
Oceanique Condo II 2105 Hwy A1A $3,707,592 $926,898 $4,634,490
Oceanique Condo pool 2105 Hwy A1A $1 $0 $1
Oceanique Condo I 2105 Hwy A1A $3,707,592 $926,898 $4,634,490
Millenium Park $129,470 $0 $129,470
Millenium Park $129,470 $0 $129,470
Gardenia Condo 2195 Hwy A1A $10,414,141 $2,603,535 $13,017,676
Ocean Walk Condo 2225 Hwy A1A $8,120,000 $2,030,000 $10,150,000
Brevard County Comm. Center 2289 Hwy A1A $198,680 $49,670 $248,350
Wallace Ave public R.O.W. $32,480 $0 $32,480
Canova Beach Park 3299 Hwy A1A $97,440 $0 $97,440
Canova Beach Park 3299 Hwy A1A $193,532 $48,383 $241,915
Canova Beach Park 3299 Hwy A1A $193,532 $0 $193,532
Lou's - commercial 3191 N. Hwy A1a $145,593 $36,398 $181,991

Subtotal Reach 3 $125,059,511 $31,103,040 $156,162,552
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Table B-2 continued 

 

REACH 2 Structure Content Total
Site Name Street Number Value Value (25%) Value
Melbourne Ocean Club Condo 3101 N. Hwy A1A $8,120,000 $2,030,000 $10,150,000
Brevard County $164,960 $0 $164,960
Vacant $1 $0 $1
Hilton Hotel 3003 N. Hwy A1A $7,305,952 $1,826,488 $9,132,440
Villa Riviera 2925 N. Hwy A1A $4,547,200 $1,136,800 $5,684,000
Coral Palms 2875 N. Hwy A1A $14,692,362 $3,673,091 $18,365,453
Club Residence 2855 N. Hwy A1A $2,436,000 $609,000 $3,045,000
Sandy Kaye 2835 N. Hwy A1A $7,394,120 $1,848,530 $9,242,650
Silver Palms 2805 N. Hwy A1A $5,760,474 $1,440,119 $7,200,593
Beach Access easement $1 $0 $1
Vacant $1 $0 $1
Vacant $1 $0 $1
Ocean Sands N 2727 N. Hwy A1A $5,648,000 $1,412,000 $7,060,000
Ocean Sands S 2725 N. Hwy A1A $5,648,000 $1,412,000 $7,060,000
Holiday Inn 2605 N. Hwy A1A $10,241,529 $2,560,382 $12,801,911

Subtotal Reach 2 $71,958,601 $17,948,410 $89,907,011

REACH 1 Structure Content Total
Site Name Street Number Value Value (25%) Value
Brevard County beach access $48,720 $0 $48,720
TIITF - State of FL $1 $0 $1
TIITF - State of FL $1 $0 $1
Paradise Beach Park 2301 N. Hwy A1A $64,960 $0 $64,960
Paradise Beach Park 2301 N. Hwy A1A $113,680 $0 $113,680
Paradise Beach Park 2301 N. Hwy A1A $1,254,248 $0 $1,254,248
House 2175 N. Hwy A1A $166,720 $41,680 $208,400
House 2165 N. Hwy A1A $90,048 $22,512 $112,560
House 2155 N. Hwy A1A $255,520 $63,880 $319,400
House 2145 N. Hwy A1A $440,997 $110,249 $551,246
House 2135 N. Hwy A1A $124,187 $31,047 $155,234
House 2125 N. Hwy A1A $147,199 $36,800 $183,999
House 2115 N. Hwy A1A $147,199 $36,800 $183,999
House 2105 N. Hwy A1A $67,639 $16,910 $84,549
House 2095 N. Hwy A1A $145,156 $36,289 $181,445
House 2085 N. Hwy A1A $150,350 $37,588 $187,938
House 2075 N. Hwy A1A $168,799 $42,200 $210,999
House 2065 N. Hwy A1A $209,122 $52,281 $261,403
House 2055 N. Hwy A1A $364,181 $91,045 $455,226
House 2045 N. Hwy A1A $248,699 $62,175 $310,874
beach access $1 $0 $1
House 2035 N. Hwy A1A $109,116 $27,279 $136,395
House 2025 N. Hwy A1A $75,272 $18,818 $94,090
House 2015 N. Hwy A1A $201,928 $50,482 $252,410
House 2005 N. Hwy A1A $110,285 $27,571 $137,856
Vacant $1 $0 $1
House 1965 N. Hwy A1A $32,480 $8,120 $40,600
House 1955 N. Hwy A1A $126,250 $31,563 $157,813
House 1945 N. Hwy A1A $164,024 $41,006 $205,030
beach access $1 $0 $1
House 1935 N. Hwy A1A $146,695 $36,674 $183,369
House 1925 N. Hwy A1A $122,270 $30,568 $152,838
House 1915 N. Hwy A1A $320,837 $80,209 $401,046
House 1905 N. Hwy A1A $767,015 $191,754 $958,769
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Table B-2 continued 
 

  

House 1885 N. Hwy A1A $226,531 $56,633 $283,164
House 1875 N. Hwy A1A $363,516 $90,879 $454,395
The Barringer Condo I 1835 N. Hwy A1A $5,911,912 $1,477,978 $7,389,890
The Barringer II 1845 N. Hwy A1A $5,799,945 $1,449,986 $7,249,931
Casa Blanca Inn 1805 N. Hwy A1A $595,683 $148,921 $744,604
Bella Vista 1755 N. Hwy A1A $3,396,011 $849,003 $4,245,014
Apartments 1745 N. Hwy A1A $227,360 $56,840 $284,200
Blue Seas Apts. 1725 N. Hwy A1A $178,640 $44,660 $223,300
Ocean Park Condo 1665 N. Hwy A1A $10,052,560 $2,513,140 $12,565,700
Brevard County access $1 $0 $1
Vacant $1 $0 $1
Sea Pearl Condo 1575 N. Hwy A1A $6,761,063 $1,690,266 $8,451,329
Brevard County access $1 $0 $1
Outrigger 1555 N. Hwy A1A $2,718,819 $679,705 $3,398,524
Majestic Shores 1525 N. Hwy A1A $7,243,076 $1,810,769 $9,053,845
Brevard County access $1 $0 $1
Claridge Condo 1515 N. Hwy A1A $4,161,079 $1,040,270 $5,201,349
Royal Palms 1505 N. Hwy A1A $4,490,360 $1,122,590 $5,612,950
Vacant $1 $0 $1
Brevard County access $1 $0 $1
The Dunes 1415 N. Hwy A1A $4,649,739 $1,162,435 $5,812,174
Jade Palm 1345 N. Hwy A1A $10,994,903 $2,748,726 $13,743,629
Brevard County access $1 $0 $1
House 1315 N. Hwy A1A $237,689 $59,422 $297,111
House 1245 N. Hwy A1A $214,465 $53,616 $268,081
House 1235 N. Hwy A1A $247,563 $61,891 $309,454
Brevard County access $1 $0 $1
House 1225 N. Hwy A1A $83,392 $20,848 $104,240
House 1215 N. Hwy A1A $118,274 $29,569 $147,843
Coral Reef Condo 1177 N. Hwy A1A $4,484,122 $1,121,031 $5,605,153
House 1163 N. Hwy A1A $154,181 $38,545 $192,726
TIITF - State of FL 1137 N. Hwy A1A $1 $0 $1
Brevard County access $1 $0 $1
House 1135 N. Hwy A1A $118,274 $29,569 $147,843

Subtotal Reach 1 $79,812,768 $19,582,790 $99,395,560
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Table B-3:  Shoreline Position Change Rate by Reach 
 

Reach 1 Reach 2 Reach 3 Reach 4 Reach 5 Reach 6

Reach Limits R119-R109 R109-R105.5 R105.5-R99 R99-R93 R93-R83 R83-R75.4
Recession Rate 

(ft/yr) 0.71 0.58 0.84 0.81 1.01 0.60
 
 
Future Conditions Without Project   
 
14.   Future damages without the project in place would be more severe than existing 
damages under without project conditions due to continuous erosion and shoreline 
position change.  This would result in reduced beach widths and reduced protective 
value between damageable structures and the future shoreline position.  Damages 
would be expected to increase as the amount of protective beach area decreased 
over time.  It is assumed that the coastal armor would be sufficient to halt long term 
erosion, but would not halt recession of the shoreline associated with a storm that 
would cause erosion greater than its protective value (for example in Table B-4, 
armor type 2, with a protective value of 135 feet from the mean high water line would 
protect against storms just under the 0.20 annual probability, i.e. the 5-year 
frequency event).   
 
15.   The level of development in the storm damage benefit analysis is the same as 
the existing condition.  Although there is some precedence to include growth, a 
conservative approach was followed wherein the existing level of development was 
maintained into the future.  
 
THE BASIC METHODOLOGY OF THE STUDY 
 
16.   The basic method was to analyze structures susceptible to damages from storm 
events.  The collected existing information was catalogued into an electronic 
database.  Inputs into the database consisted of damageable structures by their 
type, the number of floors occupied, the proximity of each damageable structure to a 
mean high water line, the lot sizes and each structure’s value.   
 
17.   Estimating damages and benefits that would occur were based on the use of 
the Storm Damage Model (SDM).  This computer model calculated damages based 
on recession of the beach in proximity of each damageable structure (i.e. change in 
shoreline position).  The estimated benefits were based on the reduction in losses if 
an alternative solution was in place.  
 
STORM DAMAGE MODEL 
 
  The Jacksonville District has developed a Windows based empirical computer 
model named the Storm Damage Model (SDM), which simulates damages at 
existing and future years.  The model also computes average annual equivalent 
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damages.  The model uses data developed from storm frequencies and shoreline 
recessions along with data which describes each structure and computes expected 
damages to each structure.  The SDM model used the input from SBEACH to 
estimate the recession.   The SBEACH engineering model predict the storm 
response recession of the beach profile, using inputs of both waves and surge.  The 
SDM model is based on recession and does not have separate damage functions for 
waves or surge. 
 
18. The model takes into account the risk and uncertainty of the input data to 
statistically determine the storm damage. For the purposes of analysis, storm 
damage is defined as the damage incurred by the temporary loss of a given amount 
of shoreline as a direct result of erosion caused by a storm of a given magnitude and 
frequency.  In addition to residential structures, storm damages were calculated for 
commercial and public buildings, pools, patios, parking lots, roads, utilities, seawalls, 
revetments, bulkheads, replacement of lost backfill etc.  The SDM used in this 
analysis does not have a flood damage component.  The SDM can be used in a 
deterministic mode and a statistical mode.  In deterministic mode, the model does 
not account for the risk and uncertainty of the input data.  In this mode, the model 
produces similar results as earlier versions of the SDM.  In statistical mode, the 
model runs a number of iterations (set by the user) to approximate the risk and 
uncertainty in the data.  The model will output data for each iteration and a running 
average of all of the iterations.  The greater the number of iterations, the smaller the 
standard error of estimate.  For this study, 1000 iterations were used and the 
standard error of estimate is near an asymptotic value.  A seed number of 1701 was 
used, which allows the statistical results of the model to be reproduced. 
 
19.   The initial step in how the storm damage model computes damages is based on 
the relationships between storm frequencies and shoreline recessions and expected 
damages to each structure from a given storm of a given magnitude. Continuous 
erosion and shoreline position change result in reduced beach width and hence 
reduced protective value between a structure and the expected shoreline position.  
The location of the expected shoreline position for each year is based on the 
historical shoreline erosion on a per year basis.  The erosion rates for each reach 
are shown in Table B-3.  After the relationship between shoreline erosion and 
damage is determined, relationships between the probability of an occurrence of a 
storm event and damage is then determined by assigning probabilities from a 
frequency-recession curve for each existing condition and each future time 
increment.  The relationship between probability and damage was then determined 
by tabulating total damage estimates for varying frequency storm events.  Due to 
continuing erosion and shoreline recession over time, future damages to 
development would be more severe with a given storm under without project 
conditions.  Therefore, the shoreline recession-damage relationship was modified to 
accommodate the expected shoreline position in future years with respect to the 
reference shoreline.  Future year damages were simulated by determining the 
location of the shoreline in future years using the different erosion rates.  Future 
long-term recession is halted at the year a without project seawall or protective 
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structure is encountered.  Replacement armor is included, following the assumption 
that property owners would repair existing armor or install new armor once their 
properties become threatened.  The model only allows replacement armor once, 
with subsequent years of no armor.  In some instances, future damages could be 
less, if a coastal armor replacement index is selected which provides greater 
protection than the current coastal armor type.  From a frequency-damage curve 
average annual equivalent damages for each project condition were calculated.  
Using this information, a frequency-damage relationship was constructed for each 
year of the project life.  The resulting estimates of expected damages were 
converted to an average annual equivalent basis using the FY2008 interest rate of 
4.875% (4 7/8%) and 2008 price levels for a 50-year period of analysis starting in 
2010. The estimation of damage reduction benefits attributable to the with project 
condition was determined by comparing the without project damages to those for the 
with project conditions.  The difference between the two is damage reduction 
benefits. 
 
Assumptions 
 
20.   The assumptions used in the development of the estimate of annual storm 
damages are listed in the following paragraphs. 
 
21.   The shoreline recession rate calculated from historical data will remain constant 
for the duration of the study period. 
 
22.   Damages to improvements would not occur until shoreline recession has 
exceeded the seaward edge of the improvement. 
 
23.   When the shoreline receded halfway through a damageable structure of two 
stories or less built slab-on-grade, the structure would be considered a total loss [a 
single family house for example]. 
 
24.   When the shoreline receded completely through a damageable structure with 
more than two stories built on deeply embedded pilings, the structural value of only 
the bottom two floors would be considered lost [a condominium as an example]. 
 
25.   If a damageable structure of two stories or less built slab-on-grade is less than 
one-half undermined, damage would be assumed to be equal to the product of the 
structure’s value and the ratio of  the horizontal distance eroded through the 
structure divided by one-half the distance from the structure’s seaward face to it’s 
landward face. 
 
26.   If a damageable structure of two stories or more built on deeply embedded 
pilings is less than completely undermined, damage would be assumed to be equal 
to the product of the value of the structure’s first two stories and the ratio of the 
horizontal distance eroded through the structure divided by the distance from the 
structure’s seaward face to it’s landward face. 
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27.   All market values of damageable structures were estimated using a version of 
the cost approach to value [replacement cost new less depreciation], where 
replacement cost new implies replacing a building using materials and standards 
having a utility equivalent to the subject structure prior to the damaging event. 
 
28.   Seawalls, revetments and other coastal armor would stop all damages from 
long term erosion and from storm events that would cause shoreline erosion less 
than or equal to their protective value.  
 
29.   Although shorefront areas continue to develop through time, damage estimates 
are limited to existing buildings and structures. 
 
30.   Repair costs to the coastal armor were determined by current engineering 
estimates of replacement and/or repair costs of such work. 
 
31.   After a damageable structure fails, the shorefront development, roads, parking 
lots, etc., would be repaired to a condition similar to and in the same location as the 
pre-storm condition.   The SDM assumes the damaged element would be rebuilt by 
the next cycle (year). 
 
32.   If no coastal armor is existing, the distance to coastal armor is set at 134 feet or 
equal to the 5-year storm event.  This distance is required by the model and sets the 
location of replacement armor.  This assumption in practice would approximate a 
property owner that allowed some erosion to occur before funding a coastal armor 
project for their property. 
 
33.   Local ordinances for construction of new coastal armor were researched in the 
selection of a replacement armor type. 
 
34.  The Mid-Reach analysis was performed not using the condemnation function 
available within the SDM program.  Team discussions took place about what would 
be the most likely future without project condition.  It was agreed that following the 
history of very few condemnations in Florida, no condemnation would be included 
either manually or using the function.  Instead, it was agreed that property owners 
were more likely to armor their properties rather than be bought out.  For the model 
runs, it is assumed that once threatened, all residential and commercial properties 
will build replacement armor.  Vacant parcels and public lands (parks) will have no 
armor. 
  
Storm Damage Model Input 
 
35.   The collected information and assumptions were assembled into the input 
format for the storm damage model.  Each reach was input separably so that the 
damages in the future without project and future with project conditions could be 
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examined for each reach.  An example input file for the storm damage model is 
shown in Table B-4.   
 
36.   Shoreline Position.  The assessment of damages to the existing development is 
based on the present conditions.  Continuous erosion and shoreline position change 
results in reduced beach width and hence reduced protective value between a 
structure and the referenced shoreline.  Therefore, damage to development is 
expected to be more severe with a given storm in future time periods.  Future year 
damages are simulated in the model by description of the location of the reference 
shoreline in future years.  The location of the reference shoreline is based on the 
historical shoreline position change rate for the study area.  Table B-3 shows the 
rates by reach used to calculate the shoreline positions over the project life.  
Therefore, the shoreline position input information is different for each reach.  In the 
risk mode of operation, the SDM applies a normal distribution to the shoreline 
position.  For each iteration the model randomly selects a shoreline position within 
the normal distribution with the given standard deviation.  Standard deviations and 
ranges of uncertainty are assigned to certain variables in the risk file described in 
Table B-5. 
  
37.   Storm Frequency Recessions.  Recession rates (frequency recession) are also 
given in Tables B-4.  The recession rates are the same for all reaches.  The number 
of storm return periods and associated shoreline recessions is also given in the risk 
data file.  The standard deviation is given in the risk file and used to randomly select 
a recession for each return period in each iteration.  
  
38.   Coastal Protective Armor.  Field inspections were made to determine the 
existing type and the general location of coastal armor.  The coastal protective armor 
types were grouped and categorized by the level of protection each provided, the 
unit cost, the ability of the armor to halt shoreline position change, and a damage 
factor.  The level of protection provided by each armor type was based on field 
inspection and engineering judgment and represents the amount of shoreline 
recession each type of armor would prevent until failure.  In the risk mode, this 
variable is randomized using a uniform distribution.  The end points of the 
distribution are assigned in the risk data file.  The unit replacement cost per linear 
foot was based on engineering cost estimates.  The replacement cost is variable 
based on parameters input into the risk file to account for uncertainty in the cost.  
The damage factor was the percent of armor repair/replacement needed after 
failure. 
 
39.   Backfill Cost.  A cost of backfill is included to account for fill behind replacement 
coastal armor in future years.  In risk mode, the SDM randomizes the unit costs of 
the backfill with a normal distribution.  The mean value is input in the SDM input file 
and the standard deviation is assigned in the risk data file. 
 
40.   Damageable Structure Values.  The structure values tabulated in Table B-2 are 
used in the SDM input file along with other values used to describe each property.  
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The structure values used in this analysis contain the best available up-to-date 
information collected by Real Estate Division to reflect replacement cost less 
depreciation.  In risk mode, additional parameters are used to describe the structure 
cost uncertainty.  The model internally calculates the standard deviation associated 
with the structure value given in the main input file. 
 
41.   Physical Dimensions.  The physical dimensions pertaining to damageable 
structures were defined by structure locations relative to the referenced shoreline 
and coastal armor, lot widths, and if the damageable structure was built slab-on 
grade or above the ground on pilings.  The data that defined the lot widths and 
distances to the shoreline were provided from aerial photography and the Brevard 
County Property Tax Office.  Lot widths were defined in linear feet along the 
oceanfront.  Examples of physical dimensions are shown in Tables B-4.  In risk 
mode, the model applies a normal distribution to the distances from the armor and 
structure to the reference shoreline.  The normal distribution is based upon a 
standard deviation of the measured distances.  In the case of damageable structures 
such as single-family homes or condominiums built slab-on-grade, the full value 
distance point is the mid-point or center of the damageable structures.  If a 
damageable structure was built on pilings, the full value distance would be the 
landward face of the structure.   
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Table B-4:  Example Input to Storm Damage Model 

 

Reach 6 - Brevard Mid-Reach
2010, 50 - Baseline Year, period of analysis
1.8 - Shoreline position in Year Zero

Year
Shoreline 

Position Year
Shoreline 

Position Year
Shoreline 

Position Year
Shoreline 

Position Year
Shoreline 

Position
2010 2.4 2011 3.0 2012 3.6 2013 4.2 2014 4.8
2015 5.4 2016 6.0 2017 6.6 2018 7.2 2019 7.8
2020 8.4 2021 9.0 2022 9.6 2023 10.2 2024 10.8
2025 11.4 2026 12.0 2027 12.6 2028 13.2 2029 13.8
2030 14.4 2031 15.0 2032 15.6 2033 16.2 2034 16.8
2035 17.4 2036 18.0 2037 18.6 2038 19.2 2039 19.8
2040 20.4 2041 21.0 2042 21.6 2043 22.2 2044 22.8
2045 23.4 2046 24.0 2047 24.6 2048 25.2 2049 25.8
2050 26.4 2051 27.0 2052 27.6 2053 28.2 2054 28.8
2055 29.4 2056 30.0 2057 30.6 2058 31.2 2059 31.8

11 - Number of probabilities

Probability Recession (ft) Return Period (yrs)
0 500

0.005 214 "200 year"
0.007 209 "150 year"
0.01 196 "100 year"

0.013 184 "75 year"
0.02 164 "50 year"
0.04 156 "25 year"
0.1 148 "10 year"
0.2 134 "5 year"
0.5 111 "2 year"

1 24 "1 year"

7 - Number of Armor Types
Level of Erosion %

Armor No. Description of Armor Unit Cost Protection Halted? Replace
1 $0 0 0 0
2 $1,070 135 1 1
3 $1,610 150 1 1
4 $750 120 0 1
5 $320 135 1 1
6 $1,070 150 1 1
7 $1,860 175 1 1

$1.22 - Cost of Backfill per cubic yard

Total Number Existing Replacem't Dist Dist Dist Type Land DEP Condemn
Site Name       Value Lot Width Floors Armor Armor Armor Front Failure Parcel Value Duplicate Monument on/off
"Pineda  Phase I" $2,048,030 400 1 1 5 134 170 190 "VC" -1 0 "R-75.4" 0
"Pineda Phase II" $5,002,103 330 4 1 5 134 155 215 "VC" -1 0 0
"Pineda Phase III" $6,073,504 270 4 1 5 134 155 220 "VC" -1 0 "R-76" 0
"Oceanus I" $2,689,886 240 2 3 5 80 85 110 "VC" -1 0 0
"Oceanus II" $2,689,886 240 2 3 5 80 180 210 "VC" -1 1 0
"Oceanus III" $2,689,886 240 2 3 5 80 85 110 "VC" -1 0 0
"Oceanus IV" $2,689,886 240 2 3 5 80 180 210 "VC" -1 1 "R-77" 0
"Sandpiper Towers I" $7,808,395 250 6 3 5 40 60 215 "VC" -1 0 0
"Flores de Playa" $11,757,889 250 5 1 5 134 185 275 "VC" -1 0 0
"Ocean Residence N" $1,470,275 230 2 1 5 134 160 190 "VC" -1 0 0
"Opal Seas" $12,261,042 260 6 1 5 134 175 270 "VC" -1 0 "R-78" 0
"Park - State of FL" $14,016 150 1 1 1 134 183 189 "PC" -1 0 0
"Sea Gull Park $4,672 50 1 1 1 134 190 195 "PC" -1 0 0
"Silver Sands I" $8,310,786 350 5 1 5 90 190 260 "VC" -1 0 0
"Silver Sands II" $8,716,444 300 5 1 5 90 190 265 "VC" -1 0 0
"Sea Breakers" $1,808,959 200 2 2 5 110 135 190 "VC" -1 0 "R-79" 0
"Horizon II"      $6,433,815 150 6 1 5 134 170 250 "VC" -1 0 0
"Horizon I"      $5,778,748 220 6 1 5 134 165 245 "VC" -1 0 0
"Horizon III" $6,197,992 150 6 1 5 134 155 240 "VC" -1 0 0
"Horizon IV" $7,113,716 220 7 1 5 134 155 240 "VC" -1 0 0
"SPRA Park $119,045 200 1 1 1 125 130 131 "PC" -1 0 "R-80" 0
"parking lot" $119,045 75 1 1 1 125 150 190 "PC" -1 1 0
"parking lot" $119,045 75 1 1 1 125 150 190 "PC" -1 1 0
"Las Brisas I" $1,314,198 230 1 1 5 134 140 170 "VC" -1 0 0
"Las Brisas II" $1,354,957 190 1 1 5 134 140 170 "VC" -1 0 0
"Monaco Condo" $3,962,091 90 7 1 5 134 140 230 "VC" -1 0 0
"Monaco Condo" $3,962,091 150 7 1 5 134 140 230 "VC" -1 0 0
"Monaco Condo" $4,015,466 85 7 1 5 134 140 230 "VC" -1 0 0
"Monaco Condo" $4,015,466 110 7 1 5 134 140 230 "VC" -1 0 "R-81" 0
"TIITF - State of FL" $1 100 1 1 1 134 135 136 "PN" -1 0 0
"City of Satellite Beach" $1 1100 1 1 1 134 135 136 "PN" -1 0 "R-82" 0
"Brevard County" $1 135 1 1 1 134 135 136 "PN" -1 0 0
"Brevard County" $74,590 115 1 1 1 134 145 150 "PC" -1 0 0
"City of Satellite Beach" $1 440 1 1 1 134 135 136 "PN" -1 0 "R-83" 0

"Geotextile Tubes"
"RR-Small"
"RR-Large"

"No Coastal Armor"
"CSP-Small"
"CSP-Medium"
"RR-Minimum"
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Table B-5:  Risk File 
  

 
 
ASSESSMENT OF STORM DAMAGES 
 
42.   The Storm Damage Model simulated damages that were based on the existing 
and future year conditions and computed average annual equivalent damages 
associated with those conditions.  The resulting damages were displayed in a 
spreadsheet as damages to structures, damages to the coastal armor, damages to 
the backfill (land area between the coastal armor and the structure), and damages 
as a result of loss of land.  Damages forecasted to affect structures near the 
shoreline included damage to buildings, pools, patios, parking lots, roads, utilities, 
seawalls, revetments and bulkheads etc.  Although individual “damage elements” 
such as pools, patios, parking, utilities, etc., were not separately evaluated and 
quantified in the SDM analysis, damages to armor such as seawalls, revetments, 
and bulkheads were accounted for by the model.  Damages to armor were 
calculated based on estimated cost per linear foot of individual armor types present.  
The values for each reach in the future without project condition are shown in Table 
B-6. 
   
43.   SDM model runs were developed to simulate the future with project condition 
and associated damages.  The model allows user input of a future shoreline position 

Reach 6 - Brevard Mid-Reach, risk specification file

0.06 std dev of shoreline position 10% of value
0.1 armor cost uncertainty
0.1 structure value uncertainty
2.5 std dev of distance measurements
0.125 std dev of backfill cost
11 number of probabilities in storm recession curve
19 std dev of recession
20 std dev of recession
21 std dev of recession
29 std dev of recession
31 std dev of recession
32 std dev of recession
13 std dev of recession
3 std dev of recession
3 std dev of recession
3 std dev of recession
3 std dev of recession
1,0,0 armor number, lower limit of protection, upper limit of protection
2,111,148 armor number, lower limit of protection, upper limit of protection
3,140,160 armor number, lower limit of protection, upper limit of protection
4,90,140 armor number, lower limit of protection, upper limit of protection
5,111,148 armor number, lower limit of protection, upper limit of protection
6,140,160 armor number, lower limit of protection, upper limit of protection
7,160,190 armor number, lower limit of protection, upper limit of protection
9999,9999,9999 end
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that can be used to simulate a beach fill condition.  In a typical beach nourishment 
project, a design fill is constructed and a sacrificial advanced fill is placed seaward of 
the design fill.  The advanced fill is allowed to erode naturally until close to the 
design fill, then a renourishment construction project replaces the advanced fill.  In 
the Brevard County Mid-Reach analysis, the storm damage benefits are derived 
from the design fill only with no benefit calculated for the advanced fill.  The 
alternatives evaluated were described in terms of the design fill seaward 
advancement of the mean high water line. Table B-7 displays the assumptions used 
in the SDM for the with project shoreline extensions.  The first future with project 
alternative is “Alternative Plan number 3 with a 10 foot extension of the MHW in 
Reach 1.  This means that the with project condition is a 10 foot seaward movement 
of the mean high water line.  Other beach fill alternatives were evaluated in the same 
manner with the appropriate movement of the shoreline position.  In the Dune and 
Vegetation alternative, the future with project condition will be the addition of small 
amount of fill landward of the mean high water line.  The effect of this fill will be to 
halt the shoreline position change in future years.  The input parameters for the SDM 
used a 1 foot extension of the mean high water line to approximate this alternative, 
as an input value of 0 feet is not allowed in the model.  The combination alternatives 
consider a seawall in the future with project condition.  The input file for this 
alternative was modified to place a coastal armor type of the appropriate level of 
protection in the existing armor column. 
 
44.    During the course of the study Reach 5 was separated into Reach 5A and 
Reach 5B.  One of the alternatives is a seawall, which is a coastal armor type that is 
constructed parallel to the shoreline along the bluff or dune line.  This type of 
construction is within the Coastal Management Zone which is permitted by the State 
of Florida Department of Environmental Protection.  Construction is restricted to 
properties that are vulnerable to the 15-year storm.  Approximately 28% of the 
properties along the Mid-Reach study area are vulnerable to the 15-year storm.  
However, many are scattered in a fashion that makes implementation engineeringly 
unfeasible.  A portion of Reach 5 totally 3,320 feet of shoreline fit the criteria and 
was separated out for analysis as Reach 5A.  Reach 5B is the remainder of the 
parcels within Reach 5 that do not fit the criteria for a seawall.  For a complete 
analysis of all alternatives, Reach 5A and Reach 5B were run using the SDM and 
benefits calculated in the future without project condition and the future with project 
condition.  
 
DEVELOPMENT OF STORM DAMAGE REDUCTION BENEFITS 
 
45.   Damage reduction benefits are defined as the difference between estimated 
average annual equivalent damages under without project conditions and the 
estimated average annual equivalent damages that will remain if some selected 
project alternative is in place.  In the without project condition, assessment of 
damages to existing development is a function of the protection afforded by existing 
widths of beach and dunes.  As a result of future erosion, damages to development 
in the future will tend to be more severe with a given storm due to the fact that the 



 

B-21 

amount of beach protection between a structure and the shoreline will decrease with 
time.  After the relationships between recession and damage are determined, 
relationships between probability and damages are then determined by assigning 
probabilities from the appropriate frequency-recession relationship.  This 
computational process results in without and with project frequency-damage curves 
for the existing condition and each future time increment analyzed.  The frequency-
damage relationships are integrated to produce average annual equivalent damages 
for the without and with project conditions. 
 
46.   Storm damage reduction benefits are defined as the total primary benefits 
derived from the project.  Storm damage reduction benefits are summarized in Table 
B-6.  The alternative that displays the largest difference between the with and 
without project average annual equivalent damages is the alternative which will give 
the greatest primary benefits.      
 
NATIONAL ECONOMIC DEVELOPMENT BENEFITS   
 
47.   National Economic Development (NED) benefits are defined in the Principles & 
Guidelines Manual as increases in the total value of goods and services to the 
Nation from some project which results from a given alternative being selected. 
Although the optimum project is determined on primary benefits, the total benefits 
are a summation of both primary and incidental benefits.   In addition to the storm 
damage reduction benefits, recreation benefits were calculated for the Mid-Reach 
study area.  Recreation benefits are secondary benefits and can be added to 
primary benefits provided they do not equal more than fifty percent of the total NED 
benefits for project justification. 

 
48. The recreational benefit analysis is provided as an attachment to this appendix.  
The travel cost method was used to determine the value of a beach visit and the 
methodology used for the recreational benefit analysis presented in the attachment.  
The travel cost method consists of deriving a demand curve by using the variable 
costs of travel and the value of time as proxies for price or willingness to pay for a 
beach visit.The value of a beach visit based on this analysis was $2.35.  This 
compares to other travel cost method analyses for Broward County Segment III 
project with a beach visit value of $3.87 and $3.91 for Broward County Segment II.1

 

   
The value may appear to be a little low compared to other reports but there are other 
quality beaches that are in close proximity to these beaches.   

49. Recreation benefits were calculated for each reach and added to the storm 
damage reduction benefits to produce the total benefits shown in Table B-6.  Under 
the with-project condition all project reaches are parking limited.  Because parking 
constraints limit participation, recreational benefits remain constant even if the 

                                            
1 Broward County, Florida, Shore Protection Project Segments II and III, General Reevaluation Report 
Appendixes A through G, prepared by Coastal Planning & Engineering, Inc/ Olsen Associates, June 
2003. 
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proposed project width is increased.  The recreational benefit analysis in  attachment 
2 was completed in 2006 using a discount rate of 5.125 percent.  The recreational 
benefits in Table B-6 have been updated to 2008 price levels and discounted at 
4.875% for this analysis.  

  
50. The total project net benefits and benefit to cost ratios for five of the alternatives 
are displayed in Table B-8.  The table also lists the estimated acres of impacted 
hard bottoms that will be mitigated.  The costs shown in Table B-8 include the costs 
associated with the mitigation.   Table B-9 display in detail how the average annual 
equivalents were computed for the periodic renourishments. 
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Table B-6:  Storm Damage Model Benefits Summary 
 

 

Alternative Plan Description

Alternative 
Plan 
Number

SDM AAEQ 
Damages

SDM AAEQ 
Benefit

AAEQ 
Recreation 
Benefit

Total AAEQ 
Benefit

SDM AAEQ 
Damages

SDM AAEQ 
Benefit

AAEQ 
Recreation 
Benefit

Total AAEQ 
Benefit

No Action 0 $678,150 $889,260
Highest NED Plan feasible 19 $261,220 $416,930 $322,900 $739,830 $231,400 $657,870 $21,300 $679,170
Second Highest NED 3 $261,220 $416,930 $322,900 $739,830 $172,400 $716,860 $21,300 $738,160
Third Highest NED 35 $261,220 $416,930 $322,900 $739,830 $322,670 $566,590 $21,300 $587,890
Local Option 1 67 $54,640 $623,520 $322,900 $946,420 $361,060 $528,210 $21,300 $549,510
Local Option 6 71 $261,220 $416,930 $322,900 $739,830 $231,400 $657,870 $21,300 $679,170

No Action 0 $5,137,950 $1,626,900
Highest NED Plan feasible 19 $698,300 $4,439,660 $234,200 $4,673,860 $843,590 $783,310 $192,900 $976,210
Second Highest NED 3 $698,300 $4,439,660 $234,200 $4,673,860 $843,590 $783,310 $192,900 $976,210
Third Highest NED 35 $698,300 $4,439,660 $234,200 $4,673,860 $843,590 $783,310 $192,900 $976,210
Local Option 1 67 $2,113,970 $3,023,990 $234,200 $3,258,190 $681,000 $945,900 $192,900 $1,138,800
Local Option 6 71 $1,175,860 $3,962,090 $234,200 $4,196,290 $617,230 $1,009,670 $192,900 $1,202,570

No Action 0 $5,127,530 $1,675,650
Highest NED Plan feasible 19 $1,505,310 $3,622,230 $3,800 $3,626,030 $908,820 $766,830 $210,000 $976,830
Second Highest NED 3 $1,505,220 $3,622,310 $3,800 $3,626,110 $908,820 $766,830 $210,000 $976,830
Third Highest NED 35 $1,505,310 $3,622,230 $3,800 $3,626,030 $908,820 $766,830 $210,000 $976,830
Local Option 1 67 $1,690,120 $3,437,410 $3,800 $3,441,210 $685,590 $990,060 $210,000 $1,200,060
Local Option 6 71 $1,505,310 $3,622,230 $3,800 $3,626,030 $908,820 $766,830 $210,000 $976,830

No Action 0 $15,135,450
Highest NED Plan feasible 19 $4,448,620 $10,686,820 $985,100 $11,671,920
Second Highest NED 3 $4,389,550 $10,745,900 $985,100 $11,731,000
Third Highest NED 35 $4,539,900 $10,595,550 $985,100 $11,580,650
Local Option 1 67 $5,586,370 $9,549,080 $985,100 $10,534,180
Local Option 6 71 $4,699,830 $10,435,610 $985,100 $11,420,710

Reach 5 Reach 6

All Reaches

Reach 1 Reach 2

Reach 3 Reach 4
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Table B-7: Shoreline extension by Reach 

 

Alternative Plan 
Description 

Alternative 
Plan 
Number Reach 1 

Reach 
2 

Reach 
3 

Reach 
4 

Reach 
5 

Reach 
6 

                

No Action 0 no action 
no 

action 
no 

action 
no 

action 
no 

action 
no 

action 
Highest NED Plan feasible 19 10 foot 20 foot 30 foot dune 10 foot dune 
Second Highest NED 3 10 foot 30 foot 30 foot dune 10 foot dune 
Third Highest NED 35 10 foot 10 foot 30 foot dune 10 foot dune 
Local Option 1 67 S-3B 90 foot 7 foot 7 foot 7 foot 7 foot 7 foot 
Local Option 6 72 10 foot 20 foot 20 foot 10 foot 10 foot dune 

 
Table B-8: Summary of Cost and Benefits 

 

Alternative Plan 

Alternative 
Plan 
Number Total First Cost AAEQ Cost AAEQ Benefit Net Benefits 

Benefit-
Cost 
Ratio 

Hardbottom 
Impact 
(Acres) 

                
No Action Plan 0             
Highest NED plan 
feasible 19 $22,747,650 $2,898,830 $11,671,920 $8,773,090 4.03 2.9 
Second highest NED 3 $23,696,660 $2,973,710 $11,731,000 $8,757,290 3.94 3.1 
Third highest NED 35 $22,052,680 $2,853,700 $11,580,650 $8,726,950 4.06 2.8 
Local Option 1 67 $33,249,260 $3,913,720 $10,534,180 $6,620,450 2.69 3.2 
Local Option 6 72 $24,307,660 $3,050,370 $11,420,710 $8,370,340 3.74 3.0 
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Table B-9: Average Annual Equivalent Calculations  
 

yearly inspection $5,000 per mile yearly
yearly 
inspection $5,000 per mile yearly

surveys $10,000 per mile 2 years surveys $10,000 per mile 2 years
Periodic $5,117,641 adv nour cost 3 years Beachface $5,049,903 adv nour cost 3 years

$40,000 Year 1 $40,000 Year 1
$36,000 Year 2 $36,000 Year 2
$37,800 Year 3 $37,800 Year 3

$102,000 Year 1 $102,000 Year 1
$138,000 Year 2 $138,000 Year 2
$144,900 Year 3 $144,900 Year 3

First Cost: $23,696,661 First Cost: $22,747,645 

First Cost: $23,696,661 First Cost: $22,747,645
CRF (i=4.875%, n=50) 0.053722 CRF (i=4.875%, n=50) 0.053722

Annualized First Cost: $1,273,039 Annualized First Cost: $1,222,055

Year
 

Expenditure
 

Worth Factor Present Worth Year
 

Expenditure
 

Worth Factor Present Worth

0 1.000000 $0 0 1.000000 $0
1 $180,900 0.953516 $172,491 1 $180,900 0.953516 $172,491
2 $251,800 0.909193 $228,935 2 $251,800 0.909193 $228,935
3 $5,300,341 0.866930 $4,595,025 3 $5,232,603 0.866930 $4,536,301
4 $38,900 0.826632 $32,156 4 $38,900 0.826632 $32,156
5 $77,800 0.788207 $61,322 5 $77,800 0.788207 $61,322
6 $5,117,641 0.751568 $3,846,254 6 $5,049,903 0.751568 $3,795,344
7 $38,900 0.716632 $27,877 7 $38,900 0.716632 $27,877
8 $77,800 0.683320 $53,162 8 $77,800 0.683320 $53,162
9 $5,117,641 0.651557 $3,334,433 9 $5,049,903 0.651557 $3,290,298
10 $38,900 0.621270 $24,167 10 $38,900 0.621270 $24,167
11 $77,800 0.592391 $46,088 11 $77,800 0.592391 $46,088
12 $5,117,641 0.564854 $2,890,721 12 $5,049,903 0.564854 $2,852,459
13 $38,900 0.538598 $20,951 13 $38,900 0.538598 $20,951
14 $77,800 0.513561 $39,955 14 $77,800 0.513561 $39,955
15 $5,117,641 0.489689 $2,506,053 15 $5,049,903 0.489689 $2,472,882
16 $38,900 0.466926 $18,163 16 $38,900 0.466926 $18,163
17 $77,800 0.445222 $34,638 17 $77,800 0.445222 $34,638
18 $5,117,641 0.424526 $2,172,573 18 $5,049,903 0.424526 $2,143,816
19 $38,900 0.404793 $15,746 19 $38,900 0.404793 $15,746
20 $77,800 0.385976 $30,029 20 $77,800 0.385976 $30,029
21 $5,117,641 0.368035 $1,883,469 21 $5,049,903 0.368035 $1,858,539
22 $38,900 0.350927 $13,651 22 $38,900 0.350927 $13,651
23 $77,800 0.334614 $26,033 23 $77,800 0.334614 $26,033
24 $5,117,641 0.319060 $1,632,836 24 $5,049,903 0.319060 $1,611,223
25 $38,900 0.304229 $11,835 25 $38,900 0.304229 $11,835
26 $77,800 0.290087 $22,569 26 $77,800 0.290087 $22,569
27 $5,117,641 0.276603 $1,415,554 27 $5,049,903 0.276603 $1,396,818
28 $38,900 0.263745 $10,260 28 $38,900 0.263745 $10,260
29 $77,800 0.251485 $19,566 29 $77,800 0.251485 $19,566
30 $5,117,641 0.239795 $1,227,187 30 $5,049,903 0.239795 $1,210,943
31 $38,900 0.228649 $8,894 31 $38,900 0.228649 $8,894
32 $77,800 0.218020 $16,962 32 $77,800 0.218020 $16,962
33 $5,117,641 0.207886 $1,063,885 33 $5,049,903 0.207886 $1,049,803
34 $38,900 0.198222 $7,711 34 $38,900 0.198222 $7,711
35 $77,800 0.189008 $14,705 35 $77,800 0.189008 $14,705
36 $5,117,641 0.180222 $922,314 36 $5,049,903 0.180222 $910,106
37 $38,900 0.171845 $6,685 37 $38,900 0.171845 $6,685
38 $77,800 0.163857 $12,748 38 $77,800 0.163857 $12,748
39 $5,117,641 0.156240 $799,582 39 $5,049,903 0.156240 $788,998
40 $38,900 0.148978 $5,795 40 $38,900 0.148978 $5,795
41 $77,800 0.142053 $11,052 41 $77,800 0.142053 $11,052
42 $5,117,641 0.135449 $693,181 42 $5,049,903 0.135449 $684,006
43 $38,900 0.129153 $5,024 43 $38,900 0.129153 $5,024
44 $77,800 0.123150 $9,581 44 $77,800 0.123150 $9,581
45 $5,117,641 0.117425 $600,940 45 $5,049,903 0.117425 $592,986
46 $38,900 0.111967 $4,356 46 $38,900 0.111967 $4,356
47 $77,800 0.106762 $8,306 47 $77,800 0.106762 $8,306
48 $5,117,641 0.101799 $520,973 48 $5,049,903 0.101799 $514,077
49 $38,900 0.097067 $3,776 49 $38,900 0.097067 $3,776
50 $77,800 0.092555 $7,201 50 $77,800 0.092555 $7,201

Total Accumulated Total Accumulated 
Present Worth   = $31,137,369 Present Worth   = $30,740,990

CRF (i=4.875%, n=50) 0.053722282 CRF (i=4.875%, n=50) 0.053722282

Average Annual Equivalent (AAEQ) $1,672,771 Average Annual Equivalent (AAEQ) $1,651,476

plus annualized first cost $1,273,039 plus annualized first cost $1,222,055
plus interest during construction $27,900 plus interest during construction $25,300

TOTAL AAEQ = $2,973,709 TOTAL AAEQ = $2,898,832

Mitig Post Const 
Phys Survey

Miti Post Const 
Bio Survey

Mitig Post 
Const Phys 

Survey
Miti Post 
Const Bio 

Survey

S-3A Beachface Fill

3
assumptions:  

S-3A Beachface Fill

19
assumptions:  
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Table B-9: Average Annual Equivalent Calculations (continued) 
 

yearly 
inspection $5,000 per mile yearly

yearly 
inspection $5,000 per mile yearly

surveys $10,000 per mile 2 years surveys $10,000 per mile 2 years
Beachface $5,027,319 adv nour cost 3 years Beachface $4,587,080 adv nour cost 3 years

Conventional $3,991,153 cost 6 years
$40,000 Year 1 $40,000 Year 1
$36,000 Year 2 $36,000 Year 2
$37,800 Year 3 $37,800 Year 3

$102,000 Year 1 $102,000 Year 1
$138,000 Year 2 $138,000 Year 2
$144,900 Year 3 $144,900 Year 3

First Cost: $22,052,679 First Cost: $33,249,263

First Cost: $22,052,679 First Cost: $33,249,263
CRF (i=4.875%, n=50) 0.053722 CRF (i=4.875%, n=50) 0.053722

Annualized First Cost: $1,184,720 Annualized First Cost: $1,786,226

Year
 

Expenditure
 

Worth Factor Present Worth Year
 

Expenditure
 

Worth Factor Present Worth

0 1.000000 $0 0 1.000000 $0
1 $180,900 0.953516 $172,491 1 $180,900 0.953516 $172,491
2 $251,800 0.909193 $228,935 2 $251,800 0.909193 $228,935
3 $5,210,019 0.866930 $4,516,722 3 $4,769,780 0.866930 $4,135,066
4 $38,900 0.826632 $32,156 4 $38,900 0.826632 $32,156
5 $77,800 0.788207 $61,322 5 $77,800 0.788207 $61,322
6 $5,027,319 0.751568 $3,778,371 6 $8,578,233 0.751568 $6,447,124
7 $38,900 0.716632 $27,877 7 $38,900 0.716632 $27,877
8 $77,800 0.683320 $53,162 8 $77,800 0.683320 $53,162
9 $5,027,319 0.651557 $3,275,584 9 $4,587,080 0.651557 $2,988,743
10 $38,900 0.621270 $24,167 10 $38,900 0.621270 $24,167
11 $77,800 0.592391 $46,088 11 $77,800 0.592391 $46,088
12 $5,027,319 0.564854 $2,839,702 12 $8,578,233 0.564854 $4,845,450
13 $38,900 0.538598 $20,951 13 $38,900 0.538598 $20,951
14 $77,800 0.513561 $39,955 14 $77,800 0.513561 $39,955
15 $5,027,319 0.489689 $2,461,823 15 $4,587,080 0.489689 $2,246,243
16 $38,900 0.466926 $18,163 16 $38,900 0.466926 $18,163
17 $77,800 0.445222 $34,638 17 $77,800 0.445222 $34,638
18 $5,027,319 0.424526 $2,134,228 18 $8,578,233 0.424526 $3,641,684
19 $38,900 0.404793 $15,746 19 $38,900 0.404793 $15,746
20 $77,800 0.385976 $30,029 20 $77,800 0.385976 $30,029
21 $5,027,319 0.368035 $1,850,227 21 $4,587,080 0.368035 $1,688,204
22 $38,900 0.350927 $13,651 22 $38,900 0.350927 $13,651
23 $77,800 0.334614 $26,033 23 $77,800 0.334614 $26,033
24 $5,027,319 0.319060 $1,604,017 24 $8,578,233 0.319060 $2,736,973
25 $38,900 0.304229 $11,835 25 $38,900 0.304229 $11,835
26 $77,800 0.290087 $22,569 26 $77,800 0.290087 $22,569
27 $5,027,319 0.276603 $1,390,571 27 $4,587,080 0.276603 $1,268,800
28 $38,900 0.263745 $10,260 28 $38,900 0.263745 $10,260
29 $77,800 0.251485 $19,566 29 $77,800 0.251485 $19,566
30 $5,027,319 0.239795 $1,205,528 30 $8,578,233 0.239795 $2,057,021
31 $38,900 0.228649 $8,894 31 $38,900 0.228649 $8,894
32 $77,800 0.218020 $16,962 32 $77,800 0.218020 $16,962
33 $5,027,319 0.207886 $1,045,108 33 $4,587,080 0.207886 $953,589
34 $38,900 0.198222 $7,711 34 $38,900 0.198222 $7,711
35 $77,800 0.189008 $14,705 35 $77,800 0.189008 $14,705
36 $5,027,319 0.180222 $906,036 36 $8,578,233 0.180222 $1,545,990
37 $38,900 0.171845 $6,685 37 $38,900 0.171845 $6,685
38 $77,800 0.163857 $12,748 38 $77,800 0.163857 $12,748
39 $5,027,319 0.156240 $785,470 39 $4,587,080 0.156240 $716,687
40 $38,900 0.148978 $5,795 40 $38,900 0.148978 $5,795
41 $77,800 0.142053 $11,052 41 $77,800 0.142053 $11,052
42 $5,027,319 0.135449 $680,947 42 $10,573,810 0.135449 $1,432,216
43 $38,900 0.129153 $5,024 43 $38,900 0.129153 $5,024
44 $77,800 0.123150 $9,581 44 $77,800 0.123150 $9,581
45 $5,027,319 0.117425 $590,334 45 $4,587,080 0.117425 $538,639
46 $38,900 0.111967 $4,356 46 $38,900 0.111967 $4,356
47 $77,800 0.106762 $8,306 47 $77,800 0.106762 $8,306
48 $5,027,319 0.101799 $511,778 48 $4,587,080 0.101799 $466,962
49 $38,900 0.097067 $3,776 49 $38,900 0.097067 $3,776
50 $77,800 0.092555 $7,201 50 $77,800 0.092555 $7,201

Total Accumulated Total Accumulated 
Present Worth   = $30,608,837 Present Worth   = $38,741,780

CRF (i=4.875%, n=50) 0.053722282 CRF (i=4.875%, n=50) 0.053722282

Average Annual Equivalent (AAEQ) $1,644,377 Average Annual Equivalent (AAEQ) $2,081,297

plus annualized first cost $1,184,720 plus annualized first cost $1,786,226
plus interest during construction $24,600 plus interest during construction $46,200

TOTAL AAEQ = $2,853,697 TOTAL AAEQ = $3,913,723

Mitig Post 
Const Phys 

Survey
Miti Post 
Const Bio 

Survey

Mitig Post 
Const Phys 

Survey
Miti Post 
Const Bio 

Survey

S-3A Beachface Fill

35
assumptions:  

Local Option 1

67
assumptions:  



 

B-27 

Table B-9: Average Annual Equivalent Calculations (continued) 
 

 

yearly inspection $5,000 per mile yearly
surveys $10,000 per mile 2 years
Beachface $5,259,942 adv nour cost 3 years

$40,000 Year 1
$36,000 Year 2
$37,800 Year 3

$102,000 Year 1
$138,000 Year 2
$144,900 Year 3

First Cost: $24,307,663

First Cost: $24,307,663
CRF (i=4.875%, n=50) 0.053722

Annualized First Cost: $1,305,863

Year
 

Expenditure
 

Worth Factor Present Worth

0 1.000000 $0
1 $180,900 0.953516 $172,491
2 $251,800 0.909193 $228,935
3 $5,442,642 0.866930 $4,718,390
4 $38,900 0.826632 $32,156
5 $77,800 0.788207 $61,322
6 $5,259,942 0.751568 $3,953,203
7 $38,900 0.716632 $27,877
8 $77,800 0.683320 $53,162
9 $5,259,942 0.651557 $3,427,151
10 $38,900 0.621270 $24,167
11 $77,800 0.592391 $46,088
12 $5,259,942 0.564854 $2,971,100
13 $38,900 0.538598 $20,951
14 $77,800 0.513561 $39,955
15 $5,259,942 0.489689 $2,575,736
16 $38,900 0.466926 $18,163
17 $77,800 0.445222 $34,638
18 $5,259,942 0.424526 $2,232,983
19 $38,900 0.404793 $15,746
20 $77,800 0.385976 $30,029
21 $5,259,942 0.368035 $1,935,840
22 $38,900 0.350927 $13,651
23 $77,800 0.334614 $26,033
24 $5,259,942 0.319060 $1,678,238
25 $38,900 0.304229 $11,835
26 $77,800 0.290087 $22,569
27 $5,259,942 0.276603 $1,454,915
28 $38,900 0.263745 $10,260
29 $77,800 0.251485 $19,566
30 $5,259,942 0.239795 $1,261,310
31 $38,900 0.228649 $8,894
32 $77,800 0.218020 $16,962
33 $5,259,942 0.207886 $1,093,467
34 $38,900 0.198222 $7,711
35 $77,800 0.189008 $14,705
36 $5,259,942 0.180222 $947,960
37 $38,900 0.171845 $6,685
38 $77,800 0.163857 $12,748
39 $5,259,942 0.156240 $821,815
40 $38,900 0.148978 $5,795
41 $77,800 0.142053 $11,052
42 $5,259,942 0.135449 $712,456
43 $38,900 0.129153 $5,024
44 $77,800 0.123150 $9,581
45 $5,259,942 0.117425 $617,650
46 $38,900 0.111967 $4,356
47 $77,800 0.106762 $8,306
48 $5,259,942 0.101799 $535,459
49 $38,900 0.097067 $3,776
50 $77,800 0.092555 $7,201

Total Accumulated 
Present Worth   = $31,970,063

CRF (i=4.875%, n=50) 0.053722282

Average Annual Equivalent (AAEQ) $1,717,505

plus annualized first cost $1,305,863
plus interest during construction $27,000

TOTAL AAEQ = $3,050,368

Mitig Post Const 
Phys Survey

Miti Post Const 
Bio Survey

assumptions:  

Local Option 6

72
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FINAL REVISED NED AND LPP  
 
51.  The total project net benefits and benefit to cost ratio were updated using the 
FY10 discount rate of 4 3/8 (4.375) percent and March 2010 price levels.    
MCACES MII cost estimates were prepared for the NED plan and the locally 
preferred plan (LPP).    The MCACES MII estimates are in March 2010 price levels.    
The Total Project Cost Summary (TPCS) was updated to October 2010 price levels.   
For economic considerations the March 2010 price levels and the FY 2010 discount 
rate of 4.375 were used in this report which is the discount rate and price levels at 
time of report submission. The annual operation and maintenance (O&M) cost and 
the assumptions used to estimate annualized O&M are presented in Table B-10.   
The O&M include cost for aerial beach profile surveys, yearly inspections surveys 
and water quality certification permit surveys.   Table B-11 display in how the 
average annual equivalents were computed for the monitoring cost of mitigation and 
periodic renourishments. The summary of storm damage reduction benefits are 
presented in Table B-12.  The summary of the updated benefits and cost are 
presented in Table B-13.   The recreation benefits in Table B-13 were updated using 
the appropriate FY10 discount rate of 4 3/8 (4.375) percent and March 2010 price 
levels. The NED plan has a benefit to cost ratio of 3.02 and the LPP has a benefit to 
cost ratio of 2.96.   Even though the LPP had a slightly lower total cost the NED had 
more storm damage reduction benefits and therefore higher net benefits. 
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Table B-10:  Annual O&M cost 

 
 

 
 

Yearly 
inspection $5,000 per mile yearly
Surveys $10,000 per mile yearly
WQC 
surveys $20,000

per year after 
3 years

Year
Total 
Expenditure

Present 
Worth Factor Present Worth

0 1.000000 $0
1 $116,700 0.958084 $111,808
2 $116,700 0.917925 $107,122
3 $116,700 0.879449 $102,632
4 $136,700 0.842586 $115,181
5 $136,700 0.807268 $110,353
6 $136,700 0.773430 $105,728
7 $136,700 0.741011 $101,296
8 $136,700 0.709951 $97,050
9 $136,700 0.680192 $92,982
10 $136,700 0.651681 $89,085
11 $136,700 0.624365 $85,351
12 $136,700 0.598194 $81,773
13 $136,700 0.573120 $78,346
14 $136,700 0.549097 $75,062
15 $136,700 0.526081 $71,915
16 $136,700 0.504030 $68,901
17 $136,700 0.482903 $66,013
18 $136,700 0.462661 $63,246
19 $136,700 0.443268 $60,595
20 $136,700 0.424688 $58,055
21 $136,700 0.406887 $55,621
22 $136,700 0.389832 $53,290
23 $136,700 0.373492 $51,056
24 $136,700 0.357836 $48,916
25 $136,700 0.342837 $46,866
26 $136,700 0.328467 $44,901
27 $136,700 0.314699 $43,019
28 $136,700 0.301508 $41,216
29 $136,700 0.288870 $39,488
30 $136,700 0.276761 $37,833
31 $136,700 0.265161 $36,247
32 $136,700 0.254046 $34,728
33 $136,700 0.243397 $33,272
34 $136,700 0.233195 $31,878
35 $136,700 0.223420 $30,542
36 $136,700 0.214056 $29,261
37 $136,700 0.205083 $28,035
38 $136,700 0.196487 $26,860
39 $136,700 0.188251 $25,734
40 $136,700 0.180360 $24,655
41 $136,700 0.172800 $23,622
42 $136,700 0.165557 $22,632
43 $136,700 0.158617 $21,683
44 $136,700 0.151969 $20,774
45 $136,700 0.145599 $19,903
46 $136,700 0.139496 $19,069
47 $136,700 0.133649 $18,270
48 $136,700 0.128047 $17,504
49 $136,700 0.122680 $16,770
50 $136,700 0.117537 $16,067

Total Accumulated 
Present Worth   = $2,702,209

CRF (i=4.375%, n=50) 0.049577164
Average Annual Equivalent (AAEQ) $133,968

assumptions:  
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Table B-11: Average Annual Equivalent Calculations  

 

Beachface $8,217,706 adv nour cost 3 years Beachface $8,216,773 adv nour cost 3 years
mitigation $142,000 Year 1 mitigation $142,000 Year 1
monitoring $174,000 year 2 monitoring $174,000 year 2

$182,700 year 3 $182,700 year 3

First Cost: $32,413,704 First Cost: $32,199,272

First Cost: $32,413,704 First Cost: $32,199,272
CRF (i=4.375%, n=50) CRF (i=4.375%, n=50)

Annualized First 
Cost: $1,606,980

Annualized First 
Cost: $1,596,349

Year
Total 
Expenditure

Present Worth 
Factor

Present 
Worth Year

Total 
Expenditure

Present Worth 
Factor

Present 
Worth

0 $0 1 $0 0 $0 1 $0
1 $142,000 0.958083832 $136,048 1 $142,000 0.958083832 $136,048
2 $174,000 0.91792463 $159,719 2 $174,000 0.91792463 $159,719
3 $8,400,406 0.879448747 $7,387,726 3 $8,399,473 0.879448747 $7,386,906
4 $0 0.842585626 $0 4 $0 0.842585626 $0
5 $0 0.807267666 $0 5 $0 0.807267666 $0
6 $8,217,706 0.773430099 $6,355,821 6 $8,216,773 0.773430099 $6,355,099
7 $0 0.741010873 $0 7 $0 0.741010873 $0
8 $0 0.709950537 $0 8 $0 0.709950537 $0
9 $8,217,706 0.680192131 $5,589,619 9 $8,216,773 0.680192131 $5,588,984

10 $0 0.651681084 $0 10 $0 0.651681084 $0
11 $0 0.62436511 $0 11 $0 0.62436511 $0
12 $8,217,706 0.598194118 $4,915,783 12 $8,216,773 0.598194118 $4,915,225
13 $0 0.573120113 $0 13 $0 0.573120113 $0
14 $0 0.549097114 $0 14 $0 0.549097114 $0
15 $8,217,706 0.526081067 $4,323,179 15 $8,216,773 0.526081067 $4,322,689
16 $0 0.504029765 $0 16 $0 0.504029765 $0
17 $0 0.482902769 $0 17 $0 0.482902769 $0
18 $8,217,706 0.462661336 $3,802,015 18 $8,216,773 0.462661336 $3,801,583
19 $0 0.443268345 $0 19 $0 0.443268345 $0
20 $0 0.424688235 $0 20 $0 0.424688235 $0
21 $8,217,706 0.406886932 $3,343,677 21 $8,216,773 0.406886932 $3,343,297
22 $0 0.389831791 $0 22 $0 0.389831791 $0
23 $0 0.373491536 $0 23 $0 0.373491536 $0
24 $8,217,706 0.357836202 $2,940,593 24 $8,216,773 0.357836202 $2,940,259
25 $0 0.34283708 $0 25 $0 0.34283708 $0
26 $0 0.328466664 $0 26 $0 0.328466664 $0
27 $8,217,706 0.3146986 $2,586,100 27 $8,216,773 0.3146986 $2,585,807
28 $0 0.301507641 $0 28 $0 0.301507641 $0
29 $0 0.288869596 $0 29 $0 0.288869596 $0
30 $8,217,706 0.276761289 $2,274,343 30 $8,216,773 0.276761289 $2,274,085
31 $0 0.265160517 $0 31 $0 0.265160517 $0
32 $0 0.254046004 $0 32 $0 0.254046004 $0
33 $8,217,706 0.243397369 $2,000,168 33 $8,216,773 0.243397369 $1,999,941
34 $0 0.233195084 $0 34 $0 0.233195084 $0
35 $0 0.22342044 $0 35 $0 0.22342044 $0
36 $8,217,706 0.214055511 $1,759,045 36 $8,216,773 0.214055511 $1,758,845
37 $0 0.205083125 $0 37 $0 0.205083125 $0
38 $0 0.196486826 $0 38 $0 0.196486826 $0
39 $8,217,706 0.188250851 $1,546,990 39 $8,216,773 0.188250851 $1,546,814
40 $0 0.180360097 $0 40 $0 0.180360097 $0
41 $0 0.172800093 $0 41 $0 0.172800093 $0
42 $8,217,706 0.165556975 $1,360,498 42 $8,216,773 0.165556975 $1,360,344
43 $0 0.158617461 $0 43 $0 0.158617461 $0
44 $0 0.151968825 $0 44 $0 0.151968825 $0
45 $8,217,706 0.145598875 $1,196,489 45 $8,216,773 0.145598875 $1,196,353
46 $0 0.139495928 $0 46 $0 0.139495928 $0
47 $0 0.133648793 $0 47 $0 0.133648793 $0
48 $8,217,706 0.128046748 $1,052,250 48 $8,216,773 0.128046748 $1,052,131
49 $0 0.122679519 $0 49 $0 0.122679519 $0
50 $0 0.117537264 $0 50 $0 0.117537264 $0

Total Accumulated $0 Total Accumulated $0
Present Worth   = $52,730,063 Present Worth   = $52,724,129

$0
CRF (i=4.375%, n=50) CRF (i=4.375%, n=50) $0

$0
Average $2,614,207 Average $2,613,913

$0
plus annualized first cost $1,606,980 plus annualized first cost $1,596,349
plus interest during construction $34,343 plus interest during construction $34,147

0 $0
TOTAL AAEQ = $4,255,529 TOTAL AAEQ = $4,244,408

NED PLAN The Locally Preferred Plan (LPP)



 

B-31 

Table B-12:  Storm Damage Benefits by Reach 
  NO ACTION NED LPP  

  
SDM AAEQ 
Damages 

SDM 
AAEQ 
Damages 

SDM AAEQ 
Benefit 

SDM AAEQ 
Damages 

SDM AAEQ 
Benefit 

Reach 1 $808,472 $273,576 $534,896 $273,576 $534,896 
Reach 2 $963,137 $180,942 $782,195 $242,848 $720,289 
Reach 3 $5,592,317 $733,086 $4,859,231 $1,234,460 $4,357,857 
Reach 4 $1,758,350 $885,373 $872,977 $647,883 $1,110,467 
Reach 5 $5,569,987 $1,579,075 $3,990,912 $1,579,075 $3,990,912 
Reach 6 $1,805,060 $953,157 $851,903 $953,157 $851,903 
Total $16,497,323 $4,605,209 $11,892,114 $4,930,999 $11,566,324 

Notes:  AAEQ: Average annual equivalent 
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Table B-13 Summary of Project Costs and Benefits  
(Mar 2010 price levels and 4 3/8 percent) 

 

 
 
Notes:  LERRD: Land, Easements, Rights-Of-Way, Relocation, and Disposal Areas  
PED: Planning, Engineering and Design 
AAEQ: Average annual equivalent 
OMRR&R : Operation and Maintenance, Repair, Replacement and Rehabilitation 
 

NED Plan - Alternative 
19 LPP - Local Option 6

Mob/Demob $2,031,970 $2,031,970
LERRD $86,100 $86,100
PED $384,990 $384,990
Engineering Monitoring $778,840 $778,840
Beach Nourishment Fill $19,578,660 $19,381,030
Construction Management (S&I) $2,441,400 $2,424,600
Mitigation $7,111,740 $7,111,740
Total First Cost $32,413,700 $32,199,270

Mob/Demob $708,420 $708,290
LERRD $86,100 $86,100
PED $384,990 $384,990
Engineering Monitoring $140,840 $140,840
Periodic Nourishment Fill $6,301,510 $6,300,780
Construction Management (S&I) $595,840 $595,770
Total Each Periodic Nourishment (3 
yrs) $8,217,710 $8,216,770

Annual OMRR&R $133,970 $133,970

Total Project Cost $163,896,990 $163,667,640

Interest During Construction $34,340 $34,150
AAEQ Cost (4 3/8%) $4,255,530 $4,244,410

Primary AAEQ Benefit $11,830,210 $11,566,320
Incidental AAEQ Benefit 
(Recreation) $1,013,900 $1,013,900
Total AAEQ Benefit $12,844,110 $12,580,220

Net Benefits $8,588,580 $8,335,820
Benefit-Cost Ratio 3.02 2.96



ATTACHMENT 1 
 
COST EFFECTIVENESS AND 
INCREMENTAL COST ANALYSIS (CE/ICA) 
 
A mitigation reef is necessary to mitigate the impacts to the nearshore rock from beach 
renourishment. Cost effectiveness and incremental cost analysis of the mitigation 
measures was performed using IWR-PLAN decision support software. Engineering 
Regulation (ER) 1105-2-100 provides guidance for selection of the most cost effective 
mitigation measure.  The mitigation measures which produce expected habitat units are 
referred to as mitigation plans in this analysis.  These mitigation plans are associated with 
varying acreage which produces varying habitat units.  Cost effectiveness and 
incremental cost analysis begins with a comparison of the average annual costs and 
outputs of mitigation plans to identify the least cost plan for every level of output (habitat 
units) considered. Mitigation plans are compared to identify those that would produce 
greater levels of output at the same cost, or at a lesser cost, as other alternative mitigation 
plans. Alternative mitigation plans identified through this comparison are the cost 
effective alternative mitigation plans. Next, through incremental cost analysis, the cost 
effective alternative plans are compared to identify the most economically efficient 
alternative plans, that is, the “Best Buy” alternative plans that produce the “biggest bang 
for the buck.” Cost effective plans are compared by examining the additional 
(incremental) costs for the additional (incremental) amounts of output produced by 
successively larger cost effective plans. The plans with the lowest incremental costs per 
unit of output for successively larger levels of output are the “Best Buy” plans. The 
results of these calculations and comparisons of costs and outputs between alternative 
plans provide a basis for addressing the decision question “Is it worth it?,” i.e., are the 
additional outputs worth the costs incurred to achieve them? 
 
COSTS 
 
Cost estimates were prepared for two types of proposed mitigation reefs.  The proposed 
mitigation reefs are the Limestone and Marine Mattress and the Articulated Concrete 
Mattress. Cost estimates for each alternative mitigation acreage plan’s 
construction/implementation have been developed by the Jacksonville District.  For this 
analysis it was assumed that there would be insignificant expenditures for periodically 
recurring costs for OMRR&R (operation, maintenance, repair, replacement, and 
rehabilitation) of the mitigation reef.   The O&M average annual cost does include the 
estimated cost of the pre-construction physical survey, post-construction physical survey 
and the post-construction biological surveys.  Details about the mitigation reef 
construction alternatives and detailed cost can be found in Attachments 1 and 2.   
 
For economic evaluation of alternative plans on a comparable basis, these cost estimates 
are further refined through present worth calculations, use of appropriate price levels, and 
consideration of the timing of project expenditures.   For purposes of this report and 
analysis, the cost are expressed in 2008 price levels, and are based on costs estimated to 
be incurred over a 50-year period of analysis.  The timing of when a plan’s costs are 



incurred is important. Construction and other initial implementation costs cannot simply 
be added to periodically recurring costs for project operation and maintenance. Also, 
construction costs incurred in a given year of the project can’t simply be added to 
construction costs incurred in other years if meaningful and direct comparisons of the 
costs of the different alternatives are to be made. A common practice of equating sums of 
money across time with their equivalent at an earlier single point in time is the process 
known as discounting. Through this mathematical process, which involves the use of an 
interest rate (or discount rate) officially prescribed by Federal policy for use in water 
resource planning analysis (currently set at 4.875% per year), the cost time streams of 
each alternative are mathematically translated into a present worth value. An annual 
value, equivalent to the present worth, can also be computed for the 50-year period of 
analysis. This average annual value represents an equivalent way of expressing the costs 
of a plan or alternative. The various costs estimated to be incurred over time to put each 
plan into place and operating have been computed and expressed as both a present worth 
value and an average annual equivalent value.  Engineering Regulation (ER) 1105-2-100 
requires that interest during construction (IDC) be computed which represents the 
opportunity cost of capital incurred during the construction period. Interest was computed 
for construction, supervision and administrative (S/A) and planning engineering and 
design (PED) costs from the middle of the month in which the expenditures were 
incurred until the first of the month following the estimated construction completion date. 
Corps guidance (ER 1105-2-100) also requires that average annual equivalent costs be 
used for cost effectiveness and incremental cost analyses (CE/ICA).  Construction, 
interest during construction (IDC) costs, total investment, present worth, and average 
annual equivalent costs for varying mitigation reef acreage are presented in Table 1.    



Table 1:  CALCULATION OF COSTS USED IN COST EFFECTIVENESS ANALYSIS ($) 
Articulated Concrete Mattress 
Acres 4.64 5 6 7 8 9
Construction $6,462,910 $6,944,480 $8,282,170 $9,626,470 $10,970,770 $12,315,070
S/A $674,050 $724,270 $863,780 $1,003,990 $1,144,190 $1,284,390
PED $792,990 $852,080 $1,016,220 $1,181,160 $1,346,110 $1,511,050
Total 
Construction $7,929,950 $8,520,830 $10,162,170 $11,811,620 $13,461,070 $15,110,510
        
IDC $136,720 $150,520 $198,440 $257,730 $293,720 $364,450
Total 
Investment $8,066,670 $8,671,350 $10,360,610 $12,069,350 $13,754,780 $15,474,960
        
Average 
Annual 
Equivalent 
Cost $433,360 $465,840 $556,600 $648,390 $738,940 $831,350
O & M 
Annual Cost $25,360 $25,360 $25,360 $25,360 $25,360 $25,360
Total Annual 
Cost $458,720 $491,200 $581,950 $673,750 $764,290 $856,710
              
Benefits 
Average 
Annual 
(habitat 
units) 2.900 3.125 3.750 4.375 5.000 5.625
Construction 
Schedule 
(Months) 7 7 8 9 9 10  

 



Table 1:  CALCULATION OF COSTS USED IN COST EFFECTIVENESS ANALYSIS ($)  
(Continued) 
 
Limestone and Marine Mattress 
Acres 4.64 5 6 7 8 9
Construction $9,949,690 $10,729,670 $12,896,290 $14,985,720 $17,075,150 $19,164,580
S/A $1,037,700 $1,119,050 $1,345,010 $1,562,930 $1,780,840 $1,998,760
PED $1,220,820 $1,316,520 $1,582,370 $1,838,740 $2,095,110 $2,351,480
Total 
Construction $12,208,210 $13,165,240 $15,823,660 $18,387,380 $20,951,100 $23,514,820
        
IDC $322,600 $347,890 $491,450 $656,770 $846,560 $1,061,050
Total 
Investment $12,530,810 $13,513,140 $16,315,120 $19,044,150 $21,797,660 $24,575,860
        
Average 
Annual 
Equivalent 
Cost $673,180 $725,960 $876,490 $1,023,100 $1,171,020 $1,320,270
O & M 
Annual Cost $25,360 $25,360 $25,360 $25,360 $25,360 $25,360
Total Annual 
Cost $698,540 $751,310 $901,840 $1,048,450 $1,196,380 $1,345,630
Benefits 
Average 
Annual 
(habitat 
units) 2.900 3.125 3.750 4.375 5.000 5.625
Construction 
Schedule 
(Months) 11 11 13 15 17 19

 
 



OUTPUTS (HABITAT UNITS) 
 
Outputs (expressed as habitat units) used for CE/ICA are displayed in Table 2 for both 
the Limestone and Marine Mattress (LMM) and the Articulated Concrete Mattress 
(ACM).  The basis for the average annual output (expressed as habitat units) used for 
CE/ICA calculations are based on the mitigation ratio calculated following the State of 
Florida Uniform Mitigation Assessment Method (UMAM).  The detailed documentation 
of the application of UMAM in this analysis is found in Attachment 3.   For this analysis 
the required mitigation for full compensation was calculated to be 2.9 habitat units.   The 
2.9 habitat units equate to 4.64 acres of the Articulated Concrete Mattress or 4.64 acres of 
Limestone and Marine Mattress based on the UMAM analysis.  Table 2, Table 3, and 
Figure 1 show costs and outputs for a range of alternative levels for 4.64 acres to 9 acres 
of mitigation and the associated habitat units.   
 
TABLE 2: ECOLOGICAL OUTPUTS (AVERAGE ANNUAL HABITAT UNITS) 
USED FOR CE/ICA (Sorted by cost per habitat unit) 

Mitigation 
Type 

Mitigation 
Acreage 

Average 
Annual 
Cost ($) 

Habitat 
Units 

Average 
Cost per 
Habitat 
Unit ($) 

Cost 
Effective 

No Action   0 0.000 0   
ACM 9 856,706 5.625 152,303 Yes 

ACM 8 764,294 5.000 152,859 Yes 

ACM 7 673,749 4.375 154,000 Yes 

ACM 6 581,952 3.750 155,187 Yes 

ACM 5 491,201 3.125 157,184 Yes 

ACM 4.64 458,716 2.900 158,178 Yes 
LMM 9 1,345,628 5.625 239,223 No 
LMM 8 1,196,376 5.000 239,275 No 
LMM 7 1,048,451 4.375 239,646 No 
LMM 5 751,312 3.125 240,420 No 
LMM 6 901,841 3.750 240,491 No 
LMM 4.64 698,540 2.900 240,876 No 

 
TABLE 3: ECOLOGICAL OUTPUTS (AVERAGE ANNUAL HABITAT UNITS) 
USED FOR CE/ICA (Sorted by mitigation acreage within type) 

Mitigation 
Type 

Mitigation 
Acreage 

Average 
Annual 
Cost ($) 

Habitat 
Units 

Average 
Cost per 
Habitat 
Unit ($) 

Cost 
Effective 

No Action   0 0.000 0   
ACM 4.64 458,716 2.900 158,178 Yes 



ACM 5 491,201 3.125 157,184 Yes 

ACM 6 581,952 3.750 155,187 Yes 

ACM 7 673,749 4.375 154,000 Yes 

ACM 8 764,294 5.000 152,859 Yes 

ACM 9 856,706 5.625 152,303 Yes 
LMM 4.64 698,540 2.900 240,876 No 
LMM 5 751,312 3.125 240,420 No 
LMM 6 901,841 3.750 240,491 No 
LMM 7 1,048,451 4.375 239,646 No 
LMM 8 1,196,376 5.000 239,275 No 
LMM 9 1,345,628 5.625 239,223 No 

 
 
 
FIGURE 1: ALTERNATIVE PLANS – CE/ICA AVERAGE ANNUAL HABITAT 
UNITS AND AVERAGE ANNUAL COSTS FOR ALL ALTERNATIVES 
 

 
 
 
 
Alternative plans are compared to identify those that would produce greater levels of 
output at the same cost, or at a lesser cost, as other alternative plans.  All the articulated 
concrete mattress alternatives are cost effective since the articulated concrete mattress 
alternatives cost less for the same level of outputs (habitat units) than the limestone 



marine mattress. There were two best buy plans identified by the IWR-PLAN.  The best 
buy plans identified were the no action and the 9 acres of articulated concrete mattress 
since the average cost per habitat unit decrease as the mitigation acreage increase. The 9 
acres of articulated concrete mattress yielded 5.625 habitat units at an average annual cost 
of $856,706 and an average annual incremental cost of $152,303 per habitat unit.  Even 
though 9 acres of articulated concrete mattress is considered a best buy, only 4.64 acres 
of articulated concrete mattress would be needed to achieve the 2.9 habitat units for full 
compensation. The recommended 4.64 acres of the articulated concrete mattress with an 
average annual cost of $458,716 is $239,824 less than the $698,540 average annual cost 
of the limestone marine mattress that would be needed to achieve the 2.9 habitat units for 
full compensation. The average annual incremental cost of the recommended plan of 4.64 
acres would be $158,178 per habitat unit.  
 
 
TABLE 4: INCREMENTAL ANALYSIS USING AVERAGE ANNUAL COST 
FOR COST EFFECTIVE ALTERNATIVES (Sorted by habitat unit) 
 

Mitigation 
Type 

Mitigation 
Acreage 

Average 
Annual 
Cost ($) 

Incremental 
Average 
Annual 
Cost ($) 

Habitat 
Units 

Incremental 
Average 
Annual 
Cost per 
Habitat 

Unit 

Incremental 
Habitat 
Unit per 

acre 

Average 
Cost per 
Habitat 
Unit ($) 

ACM 4.64 458,716  2.900    158,178

ACM 5 491,201 n/a 3.125 n/a n/a 157,184

ACM 6 581,952 90,751 3.750 145,202 0.625 155,187

ACM 7 673,749 91,797 4.375 146,875 0.625 154,000

ACM 8 764,294 90,545 5.000 144,872 0.625 152,859

ACM 9 856,706 92,412 5.625 147,859 0.625 152,303
 
 
Table 4 shows the average annual cost, incremental cost for each additional mitigation 
acre, incremental cost per habitat unit and average cost per habitat unit for varying acres 
of mitigation articulated concrete mattress.  The incremental cost per habitat unit of 
adding additional mitigation acreage ranges from $145,202 to $147,859.  .  Table 4 also 
shows the incremental cost of adding each additional acre of mitigation articulated 
concrete mattress ranges from $90,546 to $92,412.  Even though the average cost per 
habitat unit may decrease slightly with additional mitigation acreage only 4.64 acres are 
needed to achieve full compensation. 
 
TOTAL PROJECT COSTS 
 
The following tables and figure show the CE/ICA using the Total Project Cost.  The 9 
acres of articulated concrete mattress yielded 5.625 habitat units at a total project cost of 
$15,947,020 and an incremental total project cost of $2,835,026 per habitat unit.  Even 
though 9 acres of articulated concrete mattress is considered a best buy, only 4.64 acres 
of articulated concrete mattress would be needed to achieve the 2.9 habitat units for full 



compensation. The recommended 4.64 acres of the articulated concrete mattress with a 
total project cost of $8,538,730 is $ 4,464,140 less than the $13,002,870 total project cost 
of the limestone marine mattress that would be needed to achieve the 2.9 habitat units for 
full compensation. The incremental total project cost of the recommended plan of 4.64 
acres would be a $2,944,390 per habitat unit. 
 
Table 5:  CALCULATION OF TOTAL PROJECT COSTS USED IN COST 
EFFECTIVENESS ANALYSIS ($) 
Articulated Concrete Mattress 
Acres ACM-4.64 ACM-5 ACM-6 ACM-7 ACM-8 ACM-9 
Construction $6,462,910 $6,944,480 $8,282,170 $9,626,470 $10,970,770 $12,315,070
S/A $674,050 $724,270 $863,780 $1,003,990 $1,144,190 $1,284,390
PED $792,990 $852,080 $1,016,220 $1,181,160 $1,346,110 $1,511,050

Total Construction $7,929,950 $8,520,830 $10,162,170 $11,811,620 $13,461,070 $15,110,510
              

IDC Construction $136,720 $150,520 $198,440 $257,730 $293,720 $364,450
Project 
Implementation 
cost $8,066,670 $8,671,350 $10,360,610 $12,069,350 $13,754,780 $15,474,960
              

O&M Cost 
(Present Worth) $472,060 $472,060 $472,060 $472,060 $472,060 $472,060

Total Project Cost $8,538,730 $9,143,410 $10,832,670 $12,541,410 $14,226,840 $15,947,020
              
Benefits  (habitat 
units) 2.900 3.125 3.750 4.375 5.000 5.625
              

Construction 
Schedule (Months) 7 7 8 9 9 10

 



Table 6:  CALCULATION OF TOTAL PROJECT COSTS USED IN COST 
EFFECTIVENESS ANALYSIS ($) (Continued) 
 
Limestone and Marine Mattress 
Acres LMM-4.64 LMM-5 LMM-6 LMM-7 LMM-8 LMM-9 
Construction $9,949,690 $10,729,670 $12,896,290 $14,985,720 $17,075,150 $19,164,580
S/A $1,037,700 $1,119,050 $1,345,010 $1,562,930 $1,780,840 $1,998,760
PED $1,220,820 $1,316,520 $1,582,370 $1,838,740 $2,095,110 $2,351,480
Total Construction $12,208,210 $13,165,240 $15,823,660 $18,387,380 $20,951,100 $23,514,820
              
IDC Construction $322,600 $347,890 $491,450 $656,770 $846,560 $1,061,050
Project 
Implementation 
Cost $12,530,810 $13,513,140 $16,315,120 $19,044,150 $21,797,660 $24,575,860
              
O&M Cost 
(Present Worth) $472,060 $472,060 $472,060 $472,060 $472,060 $472,060
Total Project Cost $13,002,870 $13,985,200 $16,787,180 $19,516,210 $22,269,720 $25,047,920
              
Benefits  (habitat 
units) 2.900 3.125 3.750 4.375 5.000 5.625
              
Construction 
Schedule (Months) 11 11 13 15 17 19

 
 
TABLE 7: ECOLOGICAL OUTPUTS (HABITAT UNITS) AND TOTAL 
PROJECT COST USED FOR CE/ICA (Sorted by cost per habitat unit) 

Mitigation 
Type 

Mitigation 
Acreage 

Total Project 
Cost ($) 

Habitat 
Units 

Average 
Cost per 
Habitat 
Unit ($) 

Cost 
Effective 

No Action   0 0.000 0   
ACM 9 15,947,020 5.625 2,835,026 Yes 
ACM 8 14,226,840 5.000 2,845,368 Yes 
ACM 7 12,541,410 4.375 2,866,608 Yes 
ACM 6 10,832,670 3.750 2,888,712 Yes 
ACM 5 9,143,410 3.125 2,925,891 Yes 
ACM 4.64 8,538,730 2.900 2,944,390 Yes 
LMM 9 25,047,920 5.625 4,452,964 No 
LMM 8 22,269,720 5.000 4,453,944 No 
LMM 7 19,516,210 4.375 4,460,848 No 
LMM 5 13,985,200 3.125 4,475,264 No 
LMM 6 16,787,180 3.750 4,476,581 No 
LMM 4.64 13,002,870 2.900 4,483,748 No 



 
TABLE 8: ECOLOGICAL OUTPUTS (HABITAT UNITS) 
USED FOR CE/ICA (Sorted by mitigation acreage within type) 

Mitigation 
Type 

Mitigation 
Acreage 

Total Project 
Cost ($) 

Habitat 
Units 

Average 
Cost per 
Habitat Unit 
($) 

Cost 
Effective 

No Action   0 0.000 0   
ACM 4.64 8,538,730 2.900 2,944,390 Yes 
ACM 5 9,143,410 3.125 2,925,891 Yes 
ACM 6 10,832,670 3.750 2,888,712 Yes 
ACM 7 12,541,410 4.375 2,866,608 Yes 
ACM 8 14,226,840 5.000 2,845,368 Yes 
ACM 9 15,947,020 5.625 2,835,026 Yes 
LMM 4.64 13,002,870 2.900 4,483,748 No 
LMM 5 13,985,200 3.125 4,475,264 No 
LMM 6 16,787,180 3.750 4,476,581 No 
LMM 7 19,516,210 4.375 4,460,848 No 
LMM 8 22,269,720 5.000 4,453,944 No 
LMM 9 25,047,920 5.625 4,452,964 No 

 
TABLE 9: INCREMENTAL ANALYSIS USING TOTAL PROJECT COST FOR 
COST EFFECTIVE ALTERNATIVES (Sorted by habitat unit) 
 

Mitigation 
Type 

Mitigation 
Acreage 

Total 
Project 
Cost ($) 

Incremental  
Total Cost 

($) 
Habitat 
Units 

Incremental 
Total Cost 
per Habitat 

Unit 

Incremental 
Habitat 
Unit per 

acre 

Total 
Cost per 
Habitat 
Unit ($) 

ACM 4.64 8,538,730  2.900     2,944,390

ACM 5 9,143,410 n/a 3.125 n/a n/a 2,925,891

ACM 6 10,832,670 1,689,260 3.750 2,702,816 0.625 2,888,712

ACM 7 12,541,410 1,708,740 4.375 2,733,984 0.625 2,866,608

ACM 8 14,226,840 1,685,430 5.000 2,696,688 0.625 2,845,368

ACM 9 15,947,020 1,720,180 5.625 2,752,288 0.625 2,835,026

 
FIGURE 2: ALTERNATIVE PLANS – CE/ICA HABITAT UNITS FOR ALL 
ALTERNATIVES USING TOTAL PROJECT COSTS 
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Brevard County, Florida 
 Federal Shore Protection Project; 

Mid-Reach 
Economic Analysis of  

Incidental Project Benefits 
 

Olsen Associates, Inc. 
4438 Herschel Street 

Jacksonville, FL 32210 
(904) 387-6114 

 

DRAFT: June 22, 2006  
(Prior to selection of plan) 

 

1. Recreational Benefits.  Recreational usage of the beaches in Brevard County 

contributes millions of dollars annually to the local economy and the State of Florida.  

Generation of recreational benefits is not a primary project purpose, but all benefits 

associated with Federal shore protection projects are evaluated in order to determine the 

net benefits generated by the projects.  In order to identify the recreational benefits 

generated by the selected plan demands for saltwater beach usage along the Brevard 

County Mid-Reach were projected through the year 2060 in ten-year increments.  These 

beach demands were then compared to the with- and without-project recreational beach 

capacity along the Mid-Reach throughout the 50-year duration of the project.  An average 

economic value per beach visit was determined and used to compute the dollar value of 

the visits attributable to the proposed project relative to the without-project condition.  

The resulting average annual value of beach visits attributable to the project is the 

recreational benefit. 

 

2. Annual Beach Demand.  Annual beach activity on a countywide basis is a combination 

of Brevard County resident, other Florida resident, and tourist participation.  The 

countywide saltwater beach demand for Brevard County, CD, was determined by 

 

( )KNPNPNPCD ttsscc ++=             (1) 

where, 

 



. 2 

Pc = constant from the Florida Statewide Comprehensive Outdoor Recreation Plan 

(SCORP), denotes participation rate by county residents; 

Nc = county population from State Statistical Abstract (BEBR, 2005); 

Ps = constant from SCORP, denotes participation from residents of other Florida counties 

who recreate on Brevard County beaches; 

Ns = State population, less Brevard County Population (BEBR, 2005); 

Pt = constant from SCORP, denotes participation rate for tourists who visit Brevard 

beaches; 

Nt = Tourist population for Brevard County, from Brevard County (2002); and 

K = constant as determined from actual counts (value of 1.0 used herein). 

 

3. Tables 1 and 2 shows the projected population, beach demand, and participation rates 

for Brevard County as provided by various State of Florida agencies and as described 

below.  In Table 1, the County and State population projections were developed from the 

2005 Florida Statistical Abstract (BEBR, 2005).  Published values include the years 2010 

through 2030, whereby data points for 2002 and 2040-2060 were linearly extrapolated. 

 
Table 1 –  Brevard County population and saltwater beach demand, 2010 to 2060 (units 

are given in thousands). 

2002 2010 2015 2020 2025 2030 2040 2050 2060

Resident 512.6 577.3 620.6 663.5 704.5 742.7 827.8 910.7 993.6
Population

Resident 2,020.6 2,172.1 2,322.3 2,465.8 2,599.5 2,897.2 3,187.5 3,477.7
Demand

Other Florida 16,200.6 19,077.8 20,659.7 22,230.6 23,744.7 25,155.8 28,269.8 31,318.0 34,366.2
Population

Other Florida 1,144.7 1,239.6 1,333.8 1,424.7 1,509.3 1,696.2 1,879.1 2,062.0
Demand

Tourist 1,587.6 2,286.6 2,723.5 3,160.4 3,597.3 4,034.2 4,908.0 5,781.8 6,655.6
Population

Tourist 6,494.0 7,734.8 8,975.6 10,216.4 11,457.2 13,938.7 16,420.3 18,901.9
Demand

Total Demand (CD) 9,659.2 11,146.5 12,631.7 14,106.8 15,566.0 18,532.1 21,486.9 24,441.6

Mid-Reach Demand (visits/yr) 1,120.5 1,293.0 1,465.3 1,636.4 1,805.7 2,149.7 2,492.5 2,835.2

PsNs

Nt

PtNt

YEAR

Nc

PcNc

Ns

        
 



. 3 

Table 2 – Resident and tourist participation rates (SCORP Region 6). 

Participation Rate 
(Uses per Visitor)

County Resident Pc 3.5
In-state Tourist Ps 0.06

Out-of-State Tourist Pt 2.84  
 

4. The total tourist population for Brevard County was adopted from a 2002 study of the 

county-wide, economic impact of tourism (PMG Associates, 2002).  The published 2002 

tourist population of 4,447,000 excludes those visitors associated with visits to either the 

Kennedy Space Center or the Cruise Port at Canaveral Harbor.  According to a second 

study of tourism conducted via survey by the City of Cocoa Beach, Florida in 2002, 

approximately 35.7 percent of the respondents were visitors who do not reside in the 

State of Florida (City of Cocoa Beach, 2002).  Thus, the out-of-state tourist population 

was estimated to be about 1,587,580 visitors in 2002.  Projections of the future tourist 

population were based on changes in the number of total visitors to the State of Florida 

between 1999 and 2005, which exhibited an average annual growth of approximately 5.5 

percent (Visit Florida1

 

, personal communication).  Within this period, estimates of beach-

oriented tourist visits are available from Florida Atlantic University (FAU, 2005) for the 

years 2000 through 2003 (Table 3).  For those years, the average annual rates of rates of 

growth in total tourist visits and beach-oriented tourist trips were 5.2 and 6.0 percent, 

respectively.  Comparison of these values indicates that the rate of total tourist growth is 

a conservative proxy estimate of the beach-oriented tourist growth.   

Table 3 – Estimated tourist visits 1999 to 2005. 

Year
Estimated Total State 

Visitors (millions)
Estimated Beach-Oriented 

Tourist Trips (millions)
1999 58.9
2000 72.8 23.6
2001 69.5 24.9
2002 73.9 28.4
2003 74.6 27.2
2004 79.7
2005 85.0  

                                                 
1 Visit Florida is the official tourism and marketing corporation of the State of Florida.  Due to a recent 
change in the manner of estimating tourist visits, records of visitation are comparable only as far back as 
1999. 
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5. The demand listed in Table 1 was computed using participation rates applied to each 

population category, as listed in Table 2.  Participation rates denote the average annual 

number of beach visits (user occasions) attributable to each member of a given 

population.  In previous years, the Florida Statewide Comprehensive Outdoor Recreation 

Plan (SCORP) published resident and non-resident participation rates, by study region, 

for saltwater beach use.  The most recent SCORP completed for the year 2000 does not 

list participation rates and instead reports only a total saltwater beach demand for the 

entire east-central Florida region (FDEP 2002).  Data for Region VI of the SCORP report 

were utilized for the present study.  Region VI includes the coastal counties of Volusia 

and Brevard Counties. 

 

6. The participation rates most recently published in the SCORP data were utilized in 

computing demand for the present study (DNR 1989) and are equivalent to the values 

adopted in the prior Feasibility Study for the Brevard County Federal Shore Protection 

Project (USACE 1996).   

 

7. The total 2010 county-wide demand of about 9,659,211 annual beach visits computed 

herein is in general agreement with that computed in the 1996 Brevard County Feasibility 

Study (USACE 1996).  That report predicted that the 1998 county-wide beach demand 

would be about 7,328,200 uses, suggesting a moderate 2.65 average annual percent 

increase from 1998 to year one (2010) of the present study.  This analysis is also in 

agreement with a 1989 report prepared by Olsen Associates which estimated the 1990 

county-wide beach demand at 9,500,000 uses (Bodge and Savage 1989). 

 

8. According to the 2000 SCORP data, total saltwater beach demand for east-central 

Florida (Region VI) in the year 2010 is predicted to be approximately 31,093,300 user 

occasions (FDEP 2002).  Based upon the distribution of recreational beaches within 

Region VI, (Bodge and Savage 1989; USACE 1996), the 2000 SCORP demand 

attributable to Brevard County is estimated to be about 10,198,590 user occasions (Bodge 

and Savage 1989 and USACE 1996).  This value is in agreement with beach use demand 
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computed via estimates of population density and user participation rates, described in 

Table 2 and adopted herein. 

 

9. The distribution of public beach area was examined in order to apportion county-wide 

demand to the Mid-Reach.  The majority of Brevard County’s beaches, however, are 

accessible to the public due to the ongoing Brevard County Federal Shore Protection 

Project’s North (R1 to R53) and South Reaches (R118.3 to R139).  The beach area along 

the North Reach and South Reach segments currently provides for a respective capacity 

of 223,117 and 74,783 beach users per day2.  The public-accessible shoreline along 

Patrick Air Force Base provides enough beach area for approximately 41,574 users per 

day, bringing the total public beach area capacity of Brevard County, not including the 

Mid-Reach, to nearly 340,000 users per day3

                                                 
2 Beach area was computed as the product of alongshore length and cross-shore beach width.  Beach width 
was computed from the most recent available surveys and includes the dry beach between +11 ft, NGVD 
and the MHW shoreline.  

.  In comparison, the Mid-Reach currently 

provides enough publicly owned beach area to support about 12,911 users per day (see 

Table 6), or less than 4 percent of the county-wide capacity due to the limited alongshore 

length of publicly owned in the without-project condition.  Comparison with previous 

studies of Mid-Reach beach usage indicates that allocating beach demand by beach area 

results in a significant and non-realistic underestimation of Mid-Reach beach 

participation because the allocation of beach-use participation in the County is principally 

prescribed by available access (parking) not by public beach area (USACE 1996, Bodge 

& Savage 1989).  For the present study, the demand for beach usage within the Mid-

Reach was apportioned from the total county-wide demand as a function of the 

distribution of public beach parking, which has been demonstrated as being an important 

factor in explaining how users select their placement on a beach (Pendleton, 2001).  

Public beach parking along the Mid-Reach constitutes approximately 11.6 percent of the 

total public beach parking spaces in the County.  It was thus assumed that the Mid-Reach 

experiences approximately 11.6 percent of the County’s beach use demand, resulting in 

about 1,120,468 visits in 2010 (see Table 1).  This allocation of demand provides a more 

realistic estimation and is similar to that used in the 1996 Brevard County Feasibility 

3 Brevard County has over 5,400 public parking spaces, suggesting that non Mid-Reach parking spaces can 
support over 43,200 persons per day (not including notional access).    
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Study which apportions 13.0 percent of the total county-wide beach use demand to the 

Mid-Reach (USACE 1996).  By comparison, the Mid-Reach comprises about 19 percent 

of Brevard’s beach length.   

 

10. Demand Allocation Based on Supply.  For each project year, the beach use demand 

was further apportioned along the Mid-Reach shoreline as a function of available public 

beach area capacity at each access location, with availability limited by either parking 

capacity or beach area for both with- and without project conditions.  This least density 

usage approach ensures proportional distribution of participation over the study area 

beaches.  It presumes that if one segment of beach is overcrowded, then all segments are 

overcrowded; and that the opposite is also true.  This approach likewise implies that a 

participant will find useable beach if it is available in the study area.  No attractiveness 

indexes are used to distribute participation, although it is recognized that participants may 

exhibit a preference for a given park because of differences in access and facilities and 

that the more desirable beaches will be occupied first.  In a with-project condition, 

additional public beach is created in the study area and excess demand can be 

accommodated at the various access points within the limits of available parking 

capacity.  In this way, the allocation of beach demand between access points varies for 

each year, and for each project alternative, as a function of the available beach-use 

capacity (supply) at each access point.  Benefits attributable to a given project alternative 

are the excess (unmet) demand which is satisfied by the project. 

 

11. Specifically, for a given project alternative, the beach-use demand was computed for 

each access point.  The beach-use demand ascribed to each access point, for a given 

demand day, is a function of the access point’s available beach-use capacity relative to 

the total available Mid-Reach capacity, times the total beach-use demand for that day.  

Or, (daily beach-use demand at access “A”) = (available capacity at “A”) / (total 

available Mid-Reach capacity) x (total Mid-Reach demand), in units of users per day.  In 

this way, the beach-use demand ascribed to each access is allocated so that the density of 

demand is the same at all parks within the project area, and the sum-total of all demand 

does not exceed the project area’s total beach-use demand.  When the demand at a given 



. 7 

access point exceeds the access point’s available capacity, excess (unmet) demand which 

is not met by the particular project alternative exists.  Excess daily demand, at each 

access, is the difference between the daily beach-use demand and the access point’s 

available capacity.  Or, (excess demand at access “A”) = (daily beach-use demand at 

access “A”) – (available capacity at “A”).  At each access point, the number of daily 

beach visits attributable to the project is the difference between excess demand present 

under without- and with-project conditions.  Or, (daily beach visits attributable to the 

project at “A”) = (without-project excess demand at “A”) – (with-project excess demand 

at “A”).   

  

12. Daily Beach Activity Demand.  Daily beach activity demand varies considerably 

from day-to-day with the greatest demand occurring on weekends, holidays, and during 

other special events.  Daily demand also varies seasonally throughout the year.  The 

distribution of beach visitation during the year in Brevard County was adopted from that 

given by the economic analysis completed by Bodge and Savage (1989).  Table 4 

presents the annual distribution of beach usage in terms of nine use categories.  Daily 

usage is computed by applying the percent of the total usage per day to the annual 

demand presented in Table 1.   

 

Table 4 – Annual distribution of beach visits in Brevard County. 

 
2010 2020 2030 2040 2050 2060

User 
Group

% of Peak 
Use

No. 
Days

% of Total 
Annual Use

Percent 
Total/day

1 100.0 1 1.5 1.50 16,807 21,979 27,085 32,246 37,387 42,528
2 88.3 11 14.8 1.35 15,075 19,715 24,294 28,924 33,535 38,147
3 76.5 10 11.7 1.17 13,109 17,144 21,126 25,152 29,162 33,172
4 64.7 7 6.9 0.99 11,045 14,443 17,799 21,190 24,569 27,947
5 53.0 16 12.9 0.81 9,034 11,814 14,558 17,332 20,096 22,859
6 41.2 22 13.8 0.63 7,028 9,191 11,326 13,485 15,635 17,785
7 29.4 19 8.6 0.45 5,072 6,632 8,173 9,730 11,282 12,833
8 17.7 26 7.0 0.27 3,017 3,945 4,861 5,788 6,711 7,633
9 5.9 253 22.8 0.09 1,010 1,320 1,627 1,937 2,246 2,555

TOTAL 365 100

Daily Demand (uses/day)

 
 

13. With- and Without-project Beach Capacity.  With- and without-project recreational 

beach capacities were computed for existing and future predicted conditions.  Beach 

capacity is determined at each public beach access location by the publicly accessible 
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beach area or the public beach parking/access capacity, whichever is smaller.  Year one 

(2010) with- and without-project constrained beach capacities are approximately 14,500 

and 8,776 users per day, respectively (see Tables 6 and 7).    

 

14. In evaluating the without-project condition each public access point was separately 

evaluated in terms of available public parking and existing beach area.  Constrained 

beach area capacities computed at each access point are summed for each sub-reach in 

Table 6.  For the with-project simulation, public parking and beach area were combined 

along project reaches within the Mid-Reach in order to account for the public’s 

anticipated use of the project beach up to ¼ mile alongshore in both directions from the 

access.  Because of the inherent subjectivity in assigning capacity to areas where multiple 

¼ mile radii overlap, only the capacity of each sub-reach is shown in Table 7.       

 

15. Beach Area.  Available beach area was computed using data gathered from recent 

aerial photographs and a February 2005 beach survey.  Beach area was computed as the 

effective alongshore length of publicly accessible shoreline multiplied by the measured 

cross-shore width of dry beach.  In computing area-limited beach capacity, it was 

assumed that in order to recreate each beach visitor requires a minimum of 100 square 

feet of dry beach and this area can be used by two persons per day.  This unconstrained 

beach area computation is shown as an example for project year one (2010) in Table 6.   

 

16. Beach width was measured from the vegetation line or toe of the dune/bluff 

(typically, about +11 ft, NGVD) to the MHW shoreline.  Average annual shoreline 

change rates were applied to the measured beach width in order to project existing 

conditions from 2005 to 2010 (year one of the economic simulation).  Shoreline change 

rates along prescribed segments within the Mid-Reach are presented in Table 5.  These 

rates were also applied, as required, to the beach width for the duration of the simulation, 

years 2010 through 2060.  All beach widths are given in Table 6. 

 

17. Beach length for without-project conditions was assumed to be the alongshore length 

of publicly owned property.  For with-project simulations, the project easements allow 
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public beach use along the project length, within which the public is reasonably 

anticipated to use up to a ¼ mile alongshore from each public beach access point in the 

project area.  The aforementioned grouping of access points under with-project 

conditions allows consideration of overlapping ¼ mile usage zones and is arranged such 

that beach users from any given parking space utilize the project only within ¼ mile of 

the beach access. 

 

Table 5 – Measured shoreline change rates within the Mid-Reach (from USACE). 
Reach 1 Reach 2 Reach 3 Reach 4 Reach 5 Reach 6

Reach Limits R118.3-R109 R109-R105.5 R105.5-R99 R99-R93 R93-R83 R83-R75.4
Rec Rate (ft/yr) -0.7 -0.6 -0.8 -0.8 -1.0 -0.6  

 

18. Public Parking and Beach Access Capacity.  Aerial photographs and ground 

verification as well as updated parking data obtained from Brevard County were used to 

locate and account for public beach access parking spaces in the study area.  It is assumed 

that each public parking space can accommodate four persons per vehicle and is turned 

over twice per day (USACE 1996).  Thus, each public parking space provides a daily 

capacity of eight users per day.  Appendix A presents the aerial photographs used in the 

study, the approximate location and number of parking spaces at each access point, as 

well as a graphical interpretation of the corresponding with-project ¼ mile usage radii.      

 

19. In Brevard County, many beach users do not depend on public parking for beach 

access.  Instead they arrive at the beach on foot, on bike, or are dropped-off by cars or 

city busses.  The terms notional parking and notional visitors describe the ability of the 

public to access the beach by means other than public parking.  Based on the number of 

parking spaces in the project area, the Mid-Reach can accommodate approximately 6,640 

visitors per day through public parking access (830 spaces x 8 persons/space/day = 6,640 

persons/day).  Using the frequency distribution listed in Table 4, peak daily visitation is 

expected to be about 16,807 visitors in year one.  This implies that at peak usage, about 

10,167 users access the beach by means other than public parking.  Thus the notional 

parking factor, or ratio of notional users to parking users, is 1.53 (10,167 ÷ 6,640 = 1.53).  

The notional capacity for each access is therefore computed by multiplying the parking 
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capacity by the notional factor, 1.53.  The total capacity is then the sum of parking and 

notional capacities. 

 

20. This method for computing notional beach visitors follows the approach applied in 

the General Reevaluation Report (GRR) for Broward County, Florida Federal Shore 

Protection Project, Segment II (USACE 2003).  In that instance, a notional parking factor 

of 1.75 was applied to the available parking capacity to compute the notional capacity.  

The notional factor of 1.53 computed for the Mid-Reach is smaller than for Broward 

County owing to the lesser density of population and development in Brevard versus 

Broward County (Segment II).   

 

21. The notional factor of 1.53 suggests that about 60% of the Mid-Reach beach users 

access the beach by other than public parking.  This ratio is comparable to that indicated 

by a 1991 beach user survey completed for Sarasota County, Florida which found that 

about 50 percent of the total beach users do not require public parking.  Development 

along both Sarasota and Brevard County beaches is considered to be medium density; 

that is, a mix of multi- and single-family dwellings. (USACE 1996.)  

 

22. All of the Mid-Reach shoreline is within ¼ mile of a public beach access excepting 

1,985-ft located in Reach 5, approximately between monument locations R83.9 and 

R86.1.  No recreational benefits were computed for this short section of shoreline.  This 

segment is reflected in Table 7 as follows:  The Patrick street access point in Reach 6 

allows access to a point approximately 32,265 feet north of R118.3, as indicated.  The 

Grant street access point allows use to a point approximately 30,280 feet from R118.3.  

The gap between the two ¼ mile use radii is about 1,985 feet long (32,265 – 30,280 = 

1,985), as shown in Table 7.    

 

23. Maximum Daily Capacity.  The maximum daily beach use capacity was computed for 

each access, or group of access points as the number of beach uses per day that can be 

accommodated by either (1) the publicly accessible beach area or (2) the public beach 

parking and notional access, whichever is smaller.  This comparison was made for each 
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year of the analysis, for both the without- and with-project conditions.  In the without-

project condition, the size of the available beach area was modified for each year as a 

function of the local shoreline change rate.  The public beach parking and notional access 

capacity was held constant for each year.  Maximum beach capacity at each access point 

throughout the project life (in 10-year increments) is given for the without-project 

condition in Table 6.  

 

24. Projected beach capacities for the with-project alternative are presented in Table 7.  

In the tables, beach capacity has been grouped and sub-totaled for various project reaches 

within the Mid-Reach in order to allow for direct comparison between without- and with- 

project alternatives.  The capacity projection values shown in Table 7 represent a project 

equivalent to maintaining the current location of the MHW shoreline.  Because in this 

instance advanced placement is planned for the project, the economic model assumes the 

effective shoreline change rate to be zero feet per year.  Beach usage under with-project 

conditions is limited by available parking, which satisfies all of the anticipated demand 

throughout year one, with about 67 days of unmet demand by year 50. Although the 

construction of new parking facilities is not planned for the project, construction of 

additional parking spaces would provide an opportunity to further satisfy unmet demand 

throughout the project.    

 

25. A uniform maintenance of the existing shoreline may not coincide with the actual 

proposed project; however, such a condition does represent the minimum project 

whereby each project reach which will realize recreational benefits.  More importantly, 

under this with-project condition all project reaches are parking limited for the duration 

of the 50-year simulation.  Because parking constraints limit participation, recreational 

benefits will be constant along a given reach even if the proposed project width is 

increased.     

 

26. Beach Use Demand vs. Capacity.  Excess (unmet) demand was computed by 

comparing with-and without-project capacities with daily beach demands for each user 

group and simulation year.  Excess demand met by the with-project condition can be 
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considered to be the additional visitors attributable to the project.  The total excess 

demand computed for with- and without-project conditions is presented in Tables 8 and 

9, respectively.  Tables 10 and 11 divide the total excess demand into demand along each 

proposed project reach for without- and with-project conditions, respectively.  Each of 

the with-project excess demand projections represents a minimum value and will increase 

to the without-project quantity should a given reach no longer be included in the final 

project design. 

 

27. In the without-project condition, beach usage is limited by both available parking and 

beach area and varies from one access point to the next.  Construction of a nourished 

project reach results in beach use being limited only due to parking constraints (versus 

beach area).  Because construction of new parking is not a planned part of the proposed 

project, all of the future unmet demand cannot be met by project construction.  However, 

in the with-project condition, the unmet beach use demand along the Mid-Reach is 

expected to be very small relative to the total demands on the beaches.  If all project 

reaches are maintained at current level of beach width, demand is completely met in year 

one of the project and is expected to expand to about 67 days by year 50. 
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Table 8 – Projected total excess (unmet) annual beach demand, without-project.   
 
 

User Group Number of Days 2010 2020 2030 2040 2050 2060
1 1 7,637 13,355 19,006 24,717 30,411 36,108
2 11 64,962 121,992 178,367 235,342 292,146 348,984
3 10 39,397 85,193 130,471 176,230 221,855 267,513
4 7 13,124 40,733 68,037 95,629 123,146 150,685
5 16 0 51,030 103,664 156,854 209,907 263,011
6 22 0 12,471 71,441 131,028 190,480 250,003
7 19 0 0 1,784 41,829 81,801 121,833
8 26 0 0 0 0 0 31,524
9 253 0 0 0 0 0 0

TOTAL 365 125,120 324,773 572,770 861,630 1,149,745 1,469,660

WITHOUT PROJECT CONDITIONS
Excess Annual Demand (users/year)

 
 

 
Table 9 – Minimum projected total excess (unmet) annual beach demand, with-project. 

Assumes all project reaches are maintained by the project. 
 
 

User Group Number of Days 2010 2020 2030 2040 2050 2060
1 1 0 4,937 10,043 15,204 20,345 25,486
2 11 0 29,398 79,774 130,696 181,424 232,151
3 10 0 1,016 40,840 81,097 121,199 161,301
4 7 0 0 5,295 29,036 52,686 76,336
5 16 0 0 0 4,641 48,856 93,071
6 22 0 0 0 0 0 16,336
7 19 0 0 0 0 0 0
8 26 0 0 0 0 0 0
9 253 0 0 0 0 0 0

TOTAL 365 0 35,351 135,952 260,674 424,510 604,682

WITH PROJECT CONDITIONS
Excess Annual Demand (uses/year)
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Table 10 – Projected excess (unmet) annual beach demand, by reach, without-project. 
 

Reach 2010 2020 2030 2040 2050 2060
1 40,884 105,272 183,956 273,419 359,493 451,728
2 2,893 7,532 13,329 20,143 27,029 34,792
3 23,919 64,748 119,516 189,085 266,751 362,052
4 32,132 80,363 135,641 193,692 242,534 286,304
5 2,078 4,868 7,535 9,531 9,935 8,533
6 23,215 61,991 112,793 175,761 244,004 326,250

TOTAL 125,120 324,773 572,770 861,630 1,149,745 1,469,660

Excess Annual Demand (User occasions)

 
 
 

Table 11 – Minimum projected excess (unmet) annual beach demand, by reach, with-
project.  Assumes all project reaches are maintained by the project. 

 

Reach 2010 2020 2030 2040 2050 2060
1 0 10,286 39,559 75,849 123,521 175,947
2 0 1,008 3,875 7,430 12,100 17,236
3 0 5,248 20,183 38,699 63,021 89,769
4 0 11,672 44,887 86,066 140,159 199,646
5 0 1,260 4,844 9,288 15,125 21,544
6 0 5,878 22,605 43,342 70,584 100,541

TOTAL 0 35,351 135,952 260,674 424,510 604,682

Excess Annual Demand (User occasions)
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28. Recreation Benefits Computation.  Excess beach use demand that is satisfied during 

the life of the proposed project is considered to be an incidental recreation benefit.  The 

number of additional beach uses attributable to the project is computed as the difference 

between unmet demand without the project and unmet demand with the project.  The 

project schedule of excess demand for with- and without-project conditions is attached as 

Appendix B, of which the first page includes a sample computation.  With-project excess 

demand assumes all reaches will be nourished by the project.  The final step in the 

recreational benefit analysis is to determine a willingness to pay, or assign a value to the 

recreational usage generated by the project. 

 

29. Value per Visit.  Several established methodologies are available for determining an 

appropriate dollar value per each additional beach visit.  The most widely accepted 

method is the travel cost method (TCM).  The TCM operates on the assumption that per 

capita beach usage decreases as a function of travel distance to the site (i.e. the out-of-

pocket and opportunity costs, associated with travel, increase with distance).  In short, 

this method involves a detailed accounting of beach participation as a function of travel 

distance; estimating of the opportunity cost of time associated with a recreational trip; 

and computing the out-of-pocket expenses related to travel.  Detailed data regarding 

participation rates and the variation in demand for beach use with travel distance are not 

available for Brevard County; thus, computation of the TCM in determining an average 

value per beach visit was not practicable for the present study.   

 

30. Two alternative approaches to assigning a value for a beach visit are the contingent 

valuation method (CVM) and the unit day value method (UDV).  The CVM involves 

polling beach users regarding their willingness to pay.  Conducting such a survey has not 

been conducted in this area and is not in the scope of this report.  In contrast, the UDV 

approach is wholly subjective and requires assigning a point total to various 

characteristics of the project area.  This method is reliant upon expert opinion of the 

following aspects of the project site and surrounding area: activities, facilities, relative 

scarcity, ease of access, and aesthetic factors.  The point total attributable to a given 

project alternative is converted to a dollar per visit value.  This dollar amount is based on 
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an established range and relies on the Consumer Price Index (CPI) to adjust this value to 

the current worth4.  Application of the selected value to estimated annual use over the 

project life, in the context of the with- and without-project framework of analysis, 

provides the estimate of recreation benefits.  The level of expert, subjective opinion and 

public involvement required for a UDV analysis is not feasible for the present study5

 

.    

31. The present study relies upon an established value of a beach visit in Brevard County.  

The 1996 Feasibility Study of the Brevard County Shore Protection Project derived a 

value of $1.87 per beach visit in 1996 dollars by considering previous TCM studies 

completed for surrounding counties (USACE, 1996).  Given the lack of data upon which 

to perform a full TCM analysis and its acceptability for use in developing accepted UDV 

valuations, the CPI was selected over alternate means as a conservative approach to 

adjusting the historically published value of a beach visit to one which would reasonably 

reflect the cost-per-visit in year one of the project (USACE, 2005).  Use of the CPI in this 

manner is consistent with EGM06-03.  The CPI published monthly by the United States 

Department of Labor and Statistics (BLS)6

 

 measures the average cost of goods and 

services from one time period to the next across a constant market.   

32. A potential alternative to using the CPI involves adjusting the cost of a beach visit by 

the historic change in vehicular operating costs per mile (i.e. cost of travel).  Using data 

gathered from the Federal Highway Administration, the Texas Comptroller of Public 

Accounts issued a 2004 report which cites a 90 percent increase in the average operating 

cost per mile of a motor vehicle between 1981 and 2001 (22.675 to 43.125 cents/mi)7

                                                 
4 USACE Economic Guidance Memorandum, 06-03, Unit Day Values for Recreation, Fiscal Year 2006. 
(EGM06-03) states, “Values provided for FY 2006 may be used to convert points to a UDV dollar 
amount…The table [valuation] was adjusted from Table K-3-1, Federal Register Vol. 44, No. 242, p.72962, 
December 4, 1979, using the CPI factor.”    

.  

Over this same period, the average CPI increased by about 94.8 percent, from 90.9 in 

1981 to 177.1 in 2001.  Based on this data, the CPI appears to reasonably reflect changes 

in the operating cost of a motor vehicle and travel costs.  The CPI is widely used to adjust 

5 USACE Economic Guidance Memorandum, 03-04, Unit Day Values for Recreation, Fiscal Year 2003. 
(EGM03-04) states, “…public involvement should occur in the value determination process.” 
6 Online at http://www.bls.gov  
7 http://www.window.state.tx.us/specialrpt/mileage/#fnB9 
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not only changes in the price of goods and services but also the wages and benefits for 

millions of Americans (i.e. opportunity cost of time).  Accordingly, the 1996 value of 

beach visitation was adjusted to 2005 valuation by considering changes over time in the 

respective average annual CPI published by the BLS (2005 is the most recent annual 

average CPI figure available).  The value of a beach visit in 2006 (present year) was then 

linearly extrapolated from the published CPI data (see Figure 1).  It is recognized that the 

base year of the project is 2010; however, all economic analyses assume valuation at 

current (2006) levels.  The analysis suggests that each beach visit attributable to the 

project in 2006 will be valued at $2.35.  This estimate is conservative relative to the 

published range of unit day values for FY2006, which places the value of each general 

recreation beach visit between $3.19 and $9.57 (USACE, 2005).   

 

33. The resulting average cost of a beach visit is multiplied by the average annual 

increase in participation attributed to the project in order to determine the average 

recreation benefit for each year of a project’s 50-year life-cycle.  From this point, the 

present worth of the resulting revenue stream was computed and summed resulting in the 

average annual equivalent benefit.  An interest rate of 5.125 percent was used to convert 

average annual incidental benefits to present worth.  Table 12 presents the results of the 

50-year simulation for uniform maintenance of the current MHW position. 
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Figure 1 – Adjustment of the 1996 USACE beach visit valuation using the CPI. 
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Table 12 – Schedule of incidental benefits for uniform maintenance of existing MHWL 
along the Mid-Reach. 

Interest Rate: 5.125%
Project Life (yrs): 50
Capital Recovery Factor 0.05583807

Project Year
Visits 

Attributable 
to Project

Benefit ($) Present 
Valuation ($)

0 125,120 294,033 294,000
1 141,551 332,644 316,400
2 157,981 371,255 335,900
3 174,411 409,866 352,800
4 190,841 448,477 367,200
5 207,272 487,088 379,400
6 223,702 525,699 389,500
7 240,132 564,310 397,700
8 256,562 602,921 404,200
9 272,992 641,532 409,100

10 289,423 680,143 412,600
11 304,162 714,781 412,500
12 318,902 749,419 411,400
13 333,641 784,057 409,400
14 348,381 818,695 406,700
15 363,120 853,333 403,200
16 377,860 887,971 399,100
17 392,599 922,608 394,500
18 407,339 957,246 389,300
19 422,078 991,884 383,700
20 436,818 1,026,522 377,800
21 453,232 1,065,094 372,900
22 469,645 1,103,667 367,500
23 486,059 1,142,239 361,800
24 502,473 1,180,811 355,800
25 518,887 1,219,384 349,500
26 535,301 1,257,956 343,000
27 551,714 1,296,529 336,300
28 568,128 1,335,101 329,400
29 584,542 1,373,673 322,400
30 600,956 1,412,246 315,300
31 613,384 1,441,451 306,100
32 625,812 1,470,657 297,100
33 638,240 1,499,863 288,200
34 650,667 1,529,069 279,500
35 663,095 1,558,274 271,000
36 675,523 1,587,480 262,600
37 687,951 1,616,686 254,400
38 700,379 1,645,891 246,400
39 712,807 1,675,097 238,500
40 725,235 1,704,303 230,800
41 739,210 1,737,143 223,800
42 753,184 1,769,982 216,900
43 767,158 1,802,822 210,200
44 781,133 1,835,662 203,600
45 795,107 1,868,501 197,100
46 809,081 1,901,341 190,800
47 823,056 1,934,181 184,600
48 837,030 1,967,020 178,600
49 851,004 1,999,860 172,700
50 864,979 2,032,700 167,000

TOTAL 15,659,200$     
874,400$          

Total Average Annual Recreation Benefits

Annual Equivalent Benefit  
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34. The results suggest that the maximum average annual recreational benefits for any 

beach project along the Mid-Reach are about $874,400.  This assumes the entire Mid-

Reach is made accessible to the public (via project easements) resulting in a parking 

limited condition for each project reach.  Projects of differing dimension (width) do not 

realize additional recreation benefits because access is fixed by parking limitations 

throughout the 50-year project life.   

 

35. Alternatives considering construction of new coastal armor do not provide additional 

beach visits and can not accrue incidental benefits along armored reaches.  Likewise, 

project alternatives which do not place beach nourishment along one or more reaches 

may not realize recreational benefits along unnourished reaches.  In order to consider 

average annual incidental benefits for such alternatives, each proposed project reach was 

analyzed independently, per the methodology discussed above.   

 

36. On a per-reach basis, the average annual equivalent benefits attributable to any 

project alternative containing beach fill are presented in Table 13.  In computing the total 

annual recreational benefits attributable to project alternatives which either armor the 

coastline or do not provide sand nourishment or public beach use through easements 

along a specific reach, the corresponding dollar benefit listed in Table 13 must be 

subtracted from the total benefit established for the complete nourishment condition 

($874,300/yr). 

 

Table 13 – Average annual equivalent incidental benefits available, by reach, for any 
parking limited beach project.     

 

Reach 
Average 

Equivalent 
Benefit

1 286,600$            
2 18,900$              
3 207,000$            
4 172,300$            
5 3,700$                
6  $            185,800 

TOTAL  $            874,300  
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Appendix A:  
 
Location of parking and beach access for the Brevard County Mid-Reach.  The with-
project ¼ mile usage radii are drawn from the northern and southern property boundaries 
for each access point. 



. @ 
SCALE 
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~ 200 400 FEE1 
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MID-REACH 

PARKING & ACCESS 
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Appendix B:  
 
Projected excess demand for a uniform 1-foot MHW extension along project reaches 1 
though 6. 
 
In computing excess demand, the following tables compare the available parking-
constrained beach area capacity with the demand for the user group of interest throughout 
the project life.  A sample calculation for the Patrick AFB access point, base year 2010, 
user group 1, without-project condition follows: 
 
Given User Group 1, Year 2010: 
 
Total daily demand = 16,807 uses/day      [Table 4] 
Number of days/year in user group = 1 day/year    [Table 4] 
PAFB Daily Area Capacity (constrained) = 864 uses/day   [Table 6] 
Total Mid-Reach Area Capacity (constrained) = 8,776 uses/day  [Table 6] 
 
Find, excess annual demand at PAFB access: 
 
Percent demand allocated to PAFB access = (PAFB Capacity / Total capacity) 
 
Percent demand allocated to PAFB access: 864 / 8,776 = .09845  
 
Daily Demand = Fraction * Total Demand 
 
Daily Demand = .09845 * 16,807 
 
Daily Demand = 1,655 users/day   [App. B: W/O project: User Group 1] 
 
Excess Daily Demand = Daily Demand – Daily Capacity 
 
Excess Daily Demand = 1,655 – 864 
 
Excess Daily Demand = 791 users/day   (not shown in table)  
 
Excess Annual Demand = Excess Daily Demand * Days/year 
 
Excess Annual Demand = 791 users/day * 1 day/year  
 
Excess Annual Demand = 791 users/year  [App. B: W/O project: User Group 1] 
 
Computation is repeated for with- and without project conditions; for each year, user 
group, access point or group of access points. 
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Without project: User Group 1, years 2010-2060: 
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Without project: User Group 2, years 2010-2060: 
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Without project: User Group 4, years 2010-2060: 
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Without project: User Group 5, years 2010-2060: 
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Without project: User Group 7, years 2010-2060: 
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Without project: User Group 8, years 2010-2060: 
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Without project: User Group 9, years 2010-2060: 
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With project: User Group 1, years 2010-2060: 
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With project: User Group 2, years 2010-2060: 
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With project: User Group 3, years 2010-2060: 
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With project: User Group 4, years 2010-2060: 
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With project: User Group 5, years 2010-2060: 
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With project: User Group 6, years 2010-2060: 
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With project: User Group 7, years 2010-2060: 
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With project: User Group 8, years 2010-2060: 
 

 

U
se

r G
ro

up
Pe

rc
en

t o
f 

To
ta

l
N

um
be

r o
f 

D
ay

s
%

 A
nn

ua
l 

To
ta

l
8

0.
27

26
7

YE
AR

N
am

e
D

ai
ly

 
D

em
an

d
C

ap
ac

ity

Ex
ce

ss
 

D
em

an
d 

(A
nn

ua
l)

D
ai

ly
 

D
em

an
d

C
ap

ac
ity

Ex
ce

ss
 

D
em

an
d 

(A
nn

ua
l)

D
ai

ly
 

D
em

an
d

C
ap

ac
ity

Ex
ce

ss
 

D
em

an
d 

(A
nn

ua
l)

D
ai

ly
 

D
em

an
d

C
ap

ac
ity

Ex
ce

ss
 

D
em

an
d 

(A
nn

ua
l)

D
ai

ly
 

D
em

an
d

C
ap

ac
ity

Ex
ce

ss
 

D
em

an
d 

(A
nn

ua
l)

D
ai

ly
 

D
em

an
d

C
ap

ac
ity

Ex
ce

ss
 

D
em

an
d 

(A
nn

ua
l)

R
EA

C
H

 6
50

2
2,

83
4

0
65

6
2,

83
4

0
80

8
2,

83
4

0
96

2
2,

83
4

0
1,

11
6

2,
83

4
0

1,
26

9
2,

83
4

0
R

EA
C

H
 5

10
7

60
7

0
14

1
60

7
0

17
3

60
7

0
20

6
60

7
0

23
9

60
7

0
27

2
60

7
0

R
EA

C
H

 4
b

69
1

3,
90

6
0

90
4

3,
90

6
0

1,
11

4
3,

90
6

0
1,

32
7

3,
90

6
0

1,
53

8
3,

90
6

0
1,

75
0

3,
90

6
0

R
EA

C
H

 4
a

30
5

1,
72

0
0

39
8

1,
72

0
0

49
1

1,
72

0
0

58
4

1,
72

0
0

67
7

1,
72

0
0

77
1

1,
72

0
0

R
EA

C
H

 3
b

11
61

0
14

61
0

17
61

0
21

61
0

24
61

0
27

61
0

R
EA

C
H

 3
a

43
7

2,
46

9
0

57
2

2,
46

9
0

70
4

2,
46

9
0

83
9

2,
46

9
0

97
2

2,
46

9
0

1,
10

6
2,

46
9

0
R

EA
C

H
 2

86
48

6
0

11
2

48
6

0
13

9
48

6
0

16
5

48
6

0
19

1
48

6
0

21
8

48
6

0
R

EA
C

H
 1

c
25

14
2

0
33

14
2

0
40

14
2

0
48

14
2

0
56

14
2

0
63

14
2

0
R

EA
C

H
 1

b
81

7
4,

61
5

0
1,

06
8

4,
61

5
0

1,
31

6
4,

61
5

0
1,

56
7

4,
61

5
0

1,
81

7
4,

61
5

0
2,

06
7

4,
61

5
0

R
EA

C
H

 1
a

36
20

2
0

47
20

2
0

58
20

2
0

69
20

2
0

80
20

2
0

91
20

2
0

TO
TA

L
3,

01
7

17
,0

42
0

3,
94

5
17

,0
42

0
4,

86
1

17
,0

42
0

5,
78

8
17

,0
42

0
6,

71
1

17
,0

42
0

7,
63

3
17

,0
42

0

20
10

W
ith

-P
ro

je
ct

20
20

W
ith

-P
ro

je
ct

20
30

W
ith

-P
ro

je
ct

20
40

W
ith

-P
ro

je
ct

20
50

W
ith

-P
ro

je
ct

20
60

W
ith

-P
ro

je
ct



. 44 

With project: User Group 9, years 2010-2060: 
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Attachment 3 
 

Summary Table of Preliminary Alternative Cost Estimates 



 

Preliminary Alternative Construction Cost Estimates (from MCACES) 

Alternative Reach
length in 

feet Description

Quantity 
(c.y.) per 

LF Quantity (c.y. Unit Price Unit of MeasureMob/Demob Fill Cost Lands PED
Engineering 
Monitoring Subtotal

Dune Fill 1 9,599 5 48,000 $23.77 cubic yard $434,012 $1,141,137 $10,000 $43,806 $26,753 $1,655,708
2 3,406 5 17,000 $23.66 cubic yard $0 $402,166 $0 $15,515 $9,493 $427,173
3 6,239 5 32,000 $23.77 cubic yard $0 $760,639 $0 $29,204 $17,388 $807,231
4 5,603 5 28,000 $23.84 cubic yard $0 $667,596 $0 $25,553 $15,616 $708,765
5 9,029 5 45,000 $23.75 cubic yard $0 $1,068,724 $0 $41,068 $25,164 $1,134,956
6 7,207 5 36,000 $23.77 cubic yard $0 $855,675 $0 $32,854 $20,086 $908,616

Subtotal 41,083 206,000 $434,012 $4,895,937 $10,000 $188,000 $114,500 $5,642,449

Beachface Fill 1 9,599 20 ft MHW ext. 14.4 138,000 $23.95 cubic yard $434,012 $3,304,534 $5,000 $43,824 $26,753 $3,814,123
truck haul 2 3,406 20 ft MHW ext. 14.4 49,000 $23.64 cubic yard $0 $1,158,367 $0 $15,561 $9,493 $1,183,420

3 6,239 20 ft MHW ext. 14.4 90,000 $23.47 cubic yard $0 $2,112,346 $0 $28,581 $17,388 $2,158,315
4 5,603 20 ft MHW ext. 14.5 81,000 $23.73 cubic yard $0 $1,921,902 $0 $25,723 $15,616 $1,963,241
5 9,029 20 ft MHW ext. 14.4 130,000 $23.68 cubic yard $0 $3,078,280 $0 $41,284 $25,164 $3,144,728
6 7,207 20 ft MHW ext. 14.4 104,000 $23.62 cubic yard $0 $2,456,364 $0 $33,027 $20,086 $2,509,477

Subtotal 41,083 592,000 $434,012 $14,031,793 $5,000 $188,000 $114,500 $14,773,305

Conventional Fill 1 9,599 20 ft MHW ext. 14.4 138,000 $19.16 cubic yard $1,102,609 $2,643,935 $5,000 $43,824 $26,753 $3,822,121
hydraulic 2 3,406 20 ft MHW ext. 14.4 49,000 $21.98 cubic yard $0 $1,077,250 $0 $15,561 $9,493 $1,102,303

3 6,239 20 ft MHW ext. 14.4 90,000 $18.75 cubic yard $0 $1,687,904 $0 $28,581 $17,388 $1,733,873
4 5,603 20 ft MHW ext. 14.5 81,000 $18.22 cubic yard $0 $1,475,734 $0 $25,723 $15,616 $1,517,073
5 9,029 20 ft MHW ext. 14.4 130,000 $17.79 cubic yard $0 $2,312,635 $0 $41,284 $25,164 $2,379,083
6 7,207 20 ft MHW ext. 14.4 104,000 $17.48 cubic yard $0 $1,817,696 $0 $33,027 $20,086 $1,870,809

Subtotal 41,083 592,000 $1,102,609 $11,015,154 $5,000 $188,000 $114,500 $12,425,263

Conventional Fill 1 9,599 40 ft MHW ext. 29.4 282,000 $18.57 cubic yard $1,102,609 $5,236,998 $5,000 $52,857 $26,753 $6,424,217
2 3,406 40 ft MHW ext. 24.4 83,000 $18.38 cubic yard $0 $1,525,658 $0 $15,557 $9,493 $1,550,708
3 6,239 40 ft MHW ext. 18.9 118,000 $18.10 cubic yard $0 $2,135,759 $0 $22,118 $17,388 $2,175,265
4 5,603 40 ft MHW ext. 22.7 127,000 $17.70 cubic yard $0 $2,247,722 $0 $23,805 $15,616 $2,287,142
5 9,029 40 ft MHW ext. 24.5 221,000 $17.34 cubic yard $0 $3,831,469 $0 $41,424 $25,164 $3,898,057
6 7,207 40 ft MHW ext. 23.9 172,000 $16.93 cubic yard $0 $2,911,595 $0 $32,239 $20,086 $2,963,920

Subtotal 41,083 1,003,000 $1,102,609 $17,889,201 $5,000 $188,000 $114,500 $19,299,310

 

 

 
  



 

Alternative Reach
length in 

feet Description

Quantity 
(c.y.) per 

LF Quantity (c.y. Unit Price Unit of MeasureMob/Demob Fill Cost Lands PED
Engineering 
Monitoring Subtotal

Conventional Fill 1 9,599 100 ft MHW ext. 59.2 568,000 $18.12 cubic yard $1,878,806 $10,292,710 $5,000 $43,782 $26,753 $12,247,051
2 3,406 100 ft MHW ext. 66.6 227,000 $17.81 cubic yard $0 $4,042,750 $0 $17,497 $9,493 $4,069,740
3 6,239 100 ft MHW ext. 48.4 302,000 $17.57 cubic yard $0 $5,307,268 $0 $23,278 $17,388 $5,347,935
4 5,603 100 ft MHW ext. 56.0 314,000 $17.21 cubic yard $0 $5,404,142 $0 $24,203 $15,616 $5,443,961
5 9,029 100 ft MHW ext. 61.2 553,000 $16.88 cubic yard $0 $9,335,437 $0 $42,626 $25,164 $9,403,227
6 7,207 100 ft MHW ext. 65.9 475,000 $16.47 cubic yard $0 $7,821,586 $0 $36,613 $20,086 $7,878,286

Subtotal 41,083 2,439,000 $1,878,806 $42,203,893 $5,000 $188,000 $114,500 $44,390,199

Conventional Fill 1 9,599 160 ft MHW ext. 104.0 998,000 $17.12 cubic yard $1,878,806 $17,080,881 $5,000 $40,806 $26,753 $19,032,245
2 3,406 160 ft MHW ext. 119.2 406,000 $17.81 cubic yard $0 $7,229,577 $0 $16,600 $9,493 $7,255,670
3 6,239 160 ft MHW ext. 100.2 625,000 $17.57 cubic yard $0 $10,978,710 $0 $25,555 $17,388 $11,021,653
4 5,603 160 ft MHW ext. 103.5 580,000 $17.19 cubic yard $0 $9,970,249 $0 $23,715 $15,616 $10,009,579
5 9,029 160 ft MHW ext. 115.4 1,042,000 $16.86 cubic yard $0 $17,568,096 $0 $42,605 $25,164 $17,635,865
6 7,207 160 ft MHW ext. 131.4 947,000 $16.43 cubic yard $0 $15,558,854 $0 $38,720 $20,086 $15,617,661

Subtotal 41,083 4,598,000 $1,878,806 $78,386,367 $5,000 $188,000 $114,500 $80,572,673

Revetment 1 9,599 $1,982.23 linear foot $0 $19,027,393 $20,000 $43,926 $26,753 $19,118,072
2 3,406 $2,103.23 linear foot $0 $7,163,587 $0 $15,586 $9,493 $7,188,666
3 6,239 $1,935.87 linear foot $0 $12,077,899 $0 $28,550 $17,388 $12,123,838
4 5,603 $2,067.74 linear foot $0 $11,585,556 $0 $25,640 $15,616 $11,626,812
5 9,029 $1,992.13 linear foot $0 $17,986,931 $0 $41,318 $25,164 $18,053,413
6 7,207 $1,949.58 linear foot $0 $14,050,652 $0 $32,980 $20,086 $14,103,718

Subtotal 41,083 $0 $81,892,018 $20,000 $188,000 $114,500 $82,214,518

Limestone 1 acre $2,143,359.00 acre $267,785 $1,573,074 $0 $188,000 $114,500 $2,143,359
Mitigation Reef 2 acre $1,774,093.00 acre $267,785 $2,977,901 $0 $188,000 $114,500 $3,548,186

5 acre $1,552,504.60 acre $267,785 $7,192,238 $0 $188,000 $114,500 $7,762,523
10 acre $1,478,661.80 acre $267,785 $14,216,333 $0 $188,000 $114,500 $14,786,618
15 acre $1,454,040.60 acre $267,785 $21,240,324 $0 $188,000 $114,500 $21,810,609

Subtotal $1,338,925 $47,199,870 $0 $940,000 $572,500 $50,051,295  
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CFSAHN-C REVISED PlANNING ESTIMATE fOR GENERAL REEVALUATION REPORT (<iRR) INCLUDING PROFIT AND CONTINGFNCY 

BREVARD COUNTY SHORE PROTbCTION PROJECT, MID-IU:AC'II, FINAL PLAN ALTERNATIVES 

Re1LTellCt' enwil from ("ESAJ-ENMWC'/J. Engle dated 30 May 2008 providing the scope of work fOr the tina! NED and I .ocally Preferred Plan Alternatives. 

SCOPF OF WORK: 

Project Description- Brevard Cmmty SPP Mid Reach i~ 7.6 miles in length and is bounded by Patrick Air Force Base to the north and the previously con.<;tructed South Reach till 
area to the south. The Mid Reach is divided into sub-reaches 0··6) that extend ffom south to north within the project area (see attached map, Figure 1.). 

fhe borrow site i{)r the hydraulic flll alternatives is Canaveral Shoals lL which is located approximately 20 miles nnftll~northcast of the Mid Reach. fhis borrow site has been used 
previously for cons! ruction and renourishment of the Nm1h and South Reaches. 

Current 1ka~.:h Fill and Bonuv. .Area Surveys: See attached borrow area map of Canaveral Shoals ll (Canawral Shoals II Plan Sheetpdil 

Beach Fill Volumes: Table 1 summari:t..cs the various nourishment altematives. The limits and lengths of each reach are included along with the distance from the mid~polnt of 
each reach to the ~.:.:ntcr of the borrow site. 

Alternatives include a dune fill of 5 cuhic yards per foot. The beach replenishments extend the mean high water (MI-IW) line 20,40, 100, and l60~fecL All volumes are in cubic 
yards. Dum~ nil is required to bt:. constructed with t:ruck-hauk'tl fill fmm an upland source. 

nw 12.0 MllW beach fill can bt; accmnplishcd with either truck haul or hydraulic fill, whi(;hcver is more economical. 

rhc +40, ' 100, and ·t I60 MIIW altemathcs arc to be constructed with traditional hydraulic t:onst:ruction methods. Dredge cquiprncnt shall include a hopper drcdgc and direct 
pump-out to the bca~..:h till area. 

fable L Dune and Beach Fill Quantities (Sec Backup) 

Fill Profiles- The dune till has a crest height of t-15-ICet NGVD and a sideslope of 1.3: crest width will vary to accommodate the 5 cy!tt dcn::;ity throughout each reach (see Figure 
n 
'l'h..: ht.'ach Ill! template \vii! be similar or identical to the previously constructed South Reach construction template. ·rhe berm will have a Hat section at an elevation of +9.6 tCet 
NGVD and a slightly sloping s~:ction at 1:67 until the berm break at elevation -t 8.1. The foreshore will have a .slope of l: IS until intersection with th~~ existing bottom (see detail in 
Figur.: 3) 

Bornm Area Limits~ Canaveral Shoals fl is approximately 6000 x 6500 Jl, sec attached borrow site map tOr comer coordinates. Distances fl·om the bomm site to the project arc 
listed in Table l !breach sub reach. Contractor will enlarge previously dredged an:a \Vhkh lies at a depth of approximately 36 fL 

Allm.,.abk tkpth J:.:; 46.l MLW. 

Bank height \vi!l be 6 to R It 
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Note 

Borrow Makrial Charal:terislics- The Borrow Area wntai11s saud that consists primarily of poorly graded, slightly silty. fine to medium grained sands, with trace to somt.:: saud 
sizt':d carbonutc shdl and shell fragmt.::nts. Occasional gravel sized shdl fragmcnL"i as indicated in the labonnot)' data should be cxp~cted. The borrow area has an approximate 
mcru1 grain ::;izc of 0.30 mm( 1.75 phi) and a ~Handard deviation of 1.03 phi. 

access, designated routes, easements, and offshore conldors. There are no de&ignated routes or easements. 

Otha asso~iatt.:d p11~jcd requin:ments- Beach tilling will be necessary for hydraulically placed HI!. Tilling acreage is detailed in Table 2. (SccBackup) 

Estimav..~ Assumptions; 

I. The dn:-dging cost» "1-vcre computt:d using the Cost Lngineering Dredge E-stimating Program (CEDEP) in accordanct~ withER 1 110~2-1302. 

2. The dredging \\iU tx: ac<:omplishcd 
on the previous contract administered on 

a Medium size hopper dredge with direct pumpout capability. Production used in CEDEP to ctHnputc tlli:; dredging unit cost was based 
project which utilized the same size and type of equipment perfonning similar work asthis project. 

3, Tht' narro\\ berm width alternative (20') dredging included an adjustment to the pumpout production to account for a shmer placement raw in CEDLP. 

·t b1dangcred Spe.,.:ics and Turbidity Monitoring costs m·e included in the dredging unit cost computed in CEDEP. 

l:sti!Hate ttaramctcrs: 

J. fht' bc<Kh fill work will be ac<..:omplishcd by a large dredging contractor (AA) that mvns and operates the type of dredging equipment assumed in the estimat~.;. A%umed 10 
percent field overhead, 6.5 percent G&A. 10 percent profit, and 1.5 percent bonds on AA. 

2. Ila: bt:<Kh fiU and tmck hauling v..ill be accomplished by a small marine construction nmtractor {SB) due to the smaller magnitude of construction and less specialized 
equipment requirements. that is available to small wnstruction busines&. A;;sumed 8 percent field overhcad,4.0 percent G&A, 10 pcwcnt profit and 1.5 percent bonds on SB. 

3. Used 15 percent contingency appropriate for the tevd of project design. There is very current contract pricing and production data available fix this project performing bcach 
till work on the Northern and Southern Reaches that is th~: same or similar as the beach till work being wnsidcred i()r the initial GRR plans for the Mid-Reach. 

4. Nouwnstruelon cosb induding PLD, S&A, Lands and Damages, Monitoring and Mitigation included in the estimate us fh!lows. 

PF.D ~ !0 percent as pcrCESAJ~EN~HC/J. Engle. 

S&A ~ 8,3 pcrct~nt as per CESAJ~DP-C/0. Rodriquez. 

LERRD (Real Estate}- l S amounts provided by CESAJ-RE/L. Zcdiak. 

Monitoring- LS amounts provided by CFSAJ~EN-HC/1. Engle. 

5. All t'f)S.h arc in current dollar vatuc.s and no escalation has been applied to tht estimate. 
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Estimal~:d Constrw.ction Times: 

NED Plan Alt~mativc 3: ( fruck l Iaul from Port Cunavcral Poseidon DMMA Stockpile) 

REACH~! 10 Ja:s n1ob!dcmob + 45 days stockpile an: preparation at Poseidon DMMA ·i 87 days beach placement 162 days* 
Rlif\( 'll~2 51 d<1y~ construdinn 
RFA( 'I 1~3 97 Jays construction 
REACil-4 17 days construction 
Rb\Cil~5 78 days construction 
RliA('I-J~() 18 days constnwtion 
l'OTAI. CONSTR1JCTION TlMF 425 caJcndarda)s* 

NED Plan A!tcrnatiH: J9: (Truck Haul from Pm1 Canaveral Poseidon DMMA .),tockpilc) 

REAC11~! 30 da) s moh/demob + 45 days stockpile are preparation at Poseidon DMMA ·! 87 days beach placement""' 162 Jays* 
REACll~2 42 days constmction 
RLA('ll~3 97 days nmstruction 
RLACH~4 17 days ~.:onstruction 
REACH-5 n days construction 
REACH-6 18 days construction 
!OJAJ. CONSTRUCTION TIME 414cakndardays• 

NED Plan A!tcmativc 35 initial: (Truck Haul from Port Canaveral Po.'>eidon DMMA Stockpile) 

REAt 'Jl~I -- 30 days mob/den10b + 45 days stockpile are prcpanttion at Poseidon DMMA + 87 days beach plaeemcnl 162 days* 
Rb\CH-2 32 days -.:onstruction 
RFACll~3 "J7 days construclion 
REACI I-4 l7 days conslnH.:tion 
H FA( '11-5 78 days construction 
RFA<'Il-6 l& days t~onsl.rudion 
TOTAl_ (.'()NSTRUCTION TI~H: 404 calendar days* 
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Project Notes Page iv 

l.ocul Option l/Plan 67: (Iloppt.:r Dredge Hydraulk Plat:em~:nt tOr Rtach I and Truck Haul ffom Port Canaveral Poseidon DMMA Stockpile for Reaches 2-6) 

Labor ll 

RFACH~ l 30 days nwh/dcmob + 45 days stockpile are preparation at Poseidon DMMA + 131 days beach placement 206 days* 
RFACll-2 27 days cm1stmction 
RI:A( 'll~.') 55 days construction 
RFACII-4 61 days construction 
RFAt '11~5 78 days construction 
RFACII~6 57 da):' construction 
TOTAl CONSTRUCTION TIME- 484 calendar days* 
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Projcd. Notes Page v 

*~This i::; consecutive constrw . .:tlnn time using only one conli'aCL The work could be accomplished in a phased constrm;tion approach using multiple concuncnl contracts in order to 
sl1ortcn m~ral! project con1plction of the altemativc. 
Conx.:ctions v.·ere made to pcriodk rcnourishmcnt quantities under Local Plan 67 fiJiiovving the ()A technical revicw by CESA.H:N-WC/J. Engle 23 Juu 08. 
Rcvi:;cd the continge-ncy ffom 15 percent lo 20 percent following coruultations with the PUJ und to he in accordance with current Co:;l Engineering Guid<mcc on rccommend\..xl 
project level contingency. 

Labor llJ: I. B06NatFD F() Ill: l·1'06R08 Cum;m:y in US dollars TRACES Mil Vcr.;ion 3J) 



Print Dat, J 2 July 2008 
LIT. Datt: hi! '/;200& 

tl.S. Ann) >of Engineers 
Project BBF813: Brevard County Shon:: Protection Project Mid~Rcach 

.ie 08:39:56 

COL Standard Report Selections Project Cost Summary Report Page 1 

Description 
Project Cost Summary Report ·"" Level 1 

Quantity llOM ContractCost Escalation Contingency ProjectCost 

NEll Plan 3 1.00 LS 16,642,040 0 3,328,408 19,970,448 NEll Plan 19 1.00 LS 16,234,598 0 3,246,920 19,481,518 NEI) l'lan 35lnitial 1.00 LS 15,856,566 0 3,171,313 19,027,879 Local Option I • Plan 6 7 1.00 LS 26,958,944 0 5,391,789 32,350,733 Local Option 6 1.00 LS 17,489,719 0 3,497,944 20,987,663 

Project Cost Sununat)' Report~ Level2 
NEO Plan 3 1.00 LS 16,642,040 0 3,328,408 19,970,448 (.~onstruction 

1.00 LS 15,315,644 0 3,063,129 18,378,773 Non~( 'onstruction 
1.00 LS 1,326,396 0 265,279 1,591,675 NEll Plan 19 
1.00 LS 16,234,598 0 3,246,920 19,481,518 Construction 
1.00 LS 14,933,580 0 2,986,716 17,920,296 Non~(~onstrut'tion 
1.00 LS 1,301,018 0 260,204 1,561,222 NEll l'lan 35lnitial 
1.00 LS 15,856,566 0 3,171,313 19,027,879 (:onstructiou 
1.00 LS 14,579,057 0 2,915,811 17,494,868 Non~< .'onstruction 
1.00 LS 1,277,509 0 255,502 1,533,011 Local Option I ·Plan 67 
1.00 LS 26,958,944 0 5,391,789 32,350,733 ( :onstruction 
1.00 LS 25,005,041 0 5,001,008 30,006,049 Non~Construction 
1.00 LS 1,953,903 0 390,781 2,344,683 Local Option 6 
1.00 LS 17,489,719 0 3,497,944 20,987,663 Construction 
1.00 LS 16,008,746 0 3,201,749 19,2111,495 Non~Construction 
1.00 LS 1,480,973 0 296,195 1,777,167 

Project Cost Summary Report- l...evel 6 
NEI> l'lau 3 

1.00 LS 16,642,040 0 3,328,408 19,970,448 ConstJ·uction 
1.00 LS 15,315,644 0 3,063,129 18,378,773 17 Beach Replenishment 
1.00 LS 15,315,644 0 3,063,129 18,378,773 1700 Beach Replenisbment 
1.00 LS 15,315,644 0 3,063,129 18,378,773 

21U6 24.43 A3 117 Initial Nourishment 558,000.00 CY 11,358,443 0 2,271,689 13,630,132 A3 11701 REACH I: Rl19- Rl09 (10' Berm) 1.00 LS 3,216,177 0 643,235 3,859,412 AJ 11702 REACH 2: Rl09 • R105.5 (30' Berm) 1.00 LS 1,631,375 0 326,275 1,957,650 A3 11703 REACH 3: Rl05.5 • R99 (30' Berm) 1.00 LS 2,954,881 0 590,976 3,545,857 A3 11704 REACH 4: R99. R93 (i)une) 1.00 LS 552,734 0 110,547 663,281 A3 11705 REACII5: R93. R83 (10' Berm) 1.00 LS 2,419,614 0 483,923 2,903,536 A3 11706 REACH 6: R83. R75.4 (Oune) 1.00 LS 583,664 0 116,733 700,397 
23. Y5 28.74 A3 117 Periodic Renourisbment 165,200.00 CY 3,957,201 0 791,440 4,748,641 AJ 11701 REACH l: Rll9 • Rl09 (10' Berm) 1.00 LS 752,455 0 150,491 902,946 A3 11702 REACH 2: R109 • RI05.5 (30' Berm) 1.00 LS 238,686 0 47,737 286,424 

L!lbor ll \atFD EQ ID: EI'06R08 Currer, S dollars TRACES MJI Versi~ 



Print D. ,d .? Jul) 2001~ 
Efl' Datc6tl7i2008 

Description 
A3 11703 REACH3: RI05.5- R99 (30' Berm) 
A3 11704 REACH 4: R99- R93 (Dune) 
A3 11705 REACH 5: R93- R83 (HI' Berm) 
A3 11706 REACH 6: R83- R75.4 (Dune) 

Non~(~onstruction 

:\3 299 Project Monitoring 
A2 299 I Beach Prolile Survey 

A2 299 I 1 Survey Lines 

Al 299 I 2 Aerial Survey 
A3 231 Const•·uction Management (S&I) 

Contract S&A Cost 
A3 230 t>Janning, Engineering & lle_sign 
A2 230 l Engineering & Design 
A2 230 l I Surveys 
A2 230 I 2 Specifications 
A2 230 I.> I>esign (L&W Section) 
A2 230 I 4 Design (Structures Section) 
Al 230 I 5 Geotech 
A2 230 I 6 EN (Coastal Design) 
A2 230 I 7 Cost Engineering 
A3 201 Lands and l>amagcs 
A2 20 J I Lauds and Damages 

N ~;n Plan 19 
Construction 
17 Beach Replenishment 
J 700 Reach Replenishment 

A3 117 Initial Nourishment 
A3 117tll REACH 1: Rll9- RI09(10' Berm) 
.B 11702 R~;A('H 2: Rl09- RIOS.S (20' Berm) 
,\3 1170.> REACII3: R!05.5- R99(30' Berm) 
A3 11704 REACH 4: R99- R93 (Ilune) 
AJ 11705 REACH 5: R93- R83 (10' Berm) 
A3 ll706 REACH 6: R83- R75.4 (I>une) 

AJ l J 7 Pertodit• Renourishment 
A3 11701 REACH!: Rll9- RI09(10' Berm) 
A3 11702 RF;ACII 2: RI09- Rl05.5 (20' Berm) 

I aoor Ill LB06NmFP E(./ Ill: El'IJ6RIJS 

U.S. AnnJ _,of Fnginecrs 
ProJect BBF813: Brevard County Shore Protection Project Mit.l~Rcach 

COE St;:mdard Repmt Sclecttous 

Quantity liOM 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 

43.00 EA 

1.00 EA 
1.00 LS 

1.00 EA 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 

540,000.00 CY 
1.00 LS 
1.60 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 

162,200.00 CY 
1.00 LS 
1.00 LS 

CmTCnt:y in US dollars 

;1(.~ 08;39:56 

Project Cost Summary Report Page 2 

ContractCost Escalation Contingency Project(:ost 
919,483 0 183,897 1,103,379 
603,513 0 120,703 724,215 
793,210 0 158,642 951,851 
649,855 0 129,971 779,826 

1,326,396 0 265,279 1,59!,675 
114,500 0 22,900 137,400 
114,500 0 22,900 137,400 

1,500.00 1,80ff()(! 

64,500 0 12,900 77,400 
50,000.0() 60,000_0(} 

50,000 0 10,000 60,000 
1,018,896 0 203,779 1,222,675 
IJJ18,89S,64 1,121.674.77 
1,018,896 0 203,779 1,222,675 

188,000 0 37,600 225,600 
188,000 0 37,600 225,600 

15,000 0 3,000 18,000 
40,000 0 8,000 48,000 
80,000 0 !6,000 96,000 

8,000 0 1,600 9,600 
15,000 0 3,000 18,000 
15,000 0 3,000 18,000 
15,000 0 3,000 18,000 
5,000 0 I ,000 6,000 
5,000 0 !,000 6,000 

16,234,598 0 3,246,920 19,481,518 
14,933,580 0 2,986,716 17,920,296 
14,933,580 0 2,986,716 17,920,296 
14,933,580 0 2,986,716 17,920,296 

20.43 24.51 
11,032,826 0 2,206,565 13,239,392 
3,216,177 0 643,235 3,859,412 
1,305,758 0 261,152 1,566,910 
2,954,881 0 590,976 3,545,857 

552,734 0 110,547 663,281 
2,419,614 0 483,923 2,903,536 

583,664 0 116,733 700,397 
2.JJ)5 28.86 

3,900,754 0 780,151 4,680,904 
733,648 0 146,730 880,377 
201,046 0 40,209 241,255 

TRACES MJI Version 3.0 



Print I )at... .-1 2 July 200X 
Hr. Date 6il7i2008 

Description 
A3 11703 Rt:ACH 3: Rl 05.5- R99 (30' Berm) 
A3 11704 RF:ACH 4: R99- R93 (Dune) 
A3 11705 REACH 5: R93- R83 (10' Berm) 
A3 11706 REACH 6: R83 • R75.4 (l>une) 

!\on..( :oustructiou 
A3 299 Project Monitoring 
A2 299 I Beach Profile Survey 

A2 299 I I Survey Lines 

A2 299 I 2 Aerial Survey 
AJ 231 Construction Management (S&l) 

Contraet S&A Cost 
A3 230 Planning, .Engineering & Design 
A2 230 1 Engineering & Design 
A2 230 I I Surveys 
A2 230 I 2 S(>ecifications 
A2 230 I 3llesigo (L&W Section) 
A2 230 l 4 Design (Structures Section) 
A2 230 I 5 Geotech 
A2 230 I 6 EN (Coastall>esign) 
A2 230 l 7 Cost Engineering 
.AJ 201 Lands and Damages 
A2 201 1 Lands and llamages 

NEI> Plan 35 Initial 
Construction 
17 Bead1 Replenishment 
1700 Beach R(.•plenishmcnt 

A3 117 Initial Nourishment 
AJ 11701 REACH 1: R119- RI09(10' Berm) 
A3 11702 REACH 2: RI09- RIOS.S (10' Berm) 
A3 11703 Rt:ACH 3: Rl05.5- R99 (30' Berm) 
A3 11704 REACH 4: R99- R93 (l>unc) 
,B 11705 Rt:ACH 5: R93 - R83 ( 10' Berm) 
A3 11706 REACH 6: R83- R75.4 (l>une) 

A3 117 Periodic Renourishmcnt 
A3 11701 REACH 1: Rl19- RI09(10' Berm) 
A3 11702 REACH 2: Rl09- RI05.5 (10' Berm) 

Labor II \latFD EQ JD: EP06Rtn:~ 

U.S. Army , of Fnginecrs 
Projet.:t HBF&l3; Brevard County Shore Protet:tion Project Mid~Reach 

COE Standard Report Selections 

Quantity UOM 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 

43.00 EA 

1.00 EA 
1.00 LS 

1.00 EA 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 

523,000.00 CY 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 

161,200.00 CY 
1.00 LS 
1.00 LS 

Curre1 S dollars 

,IC 08:39:56 

Project Cost Summary Report Pag.e 3 

ContractCost Escalation Contingency ProjectCost 
919,483 0 183,897 1,103,379 
603,513 0 120,703 724,215 
793,210 0 158,642 951,851 
649,855 0 129,971 779,826 

1,301,018 0 260,204 1,561,222 
114,500 0 22,900 137,400 
114,500 0 22,900 137,400 

1,500,00 1,800.00 
64,500 0 12,900 77,400 

50,000.00 60,000,00 
50,000 0 10,000 60,000 

993,518 0 198,704 1,192,222 
1)93,518.:?0 U92,221.84 
993,518 0 198,704 1,192,222 
188,000 0 37,600 225,600 
188,000 0 37,600 225,600 
15,000 0 3,000 18,000 
40,000 0 8,000 48,000 
80,000 0 16,000 96,000 

8,000 0 1,600 9,600 
15,000 0 3,000 18,000 
15,000 0 3,000 18,000 
15,000 0 3,000 18,000 
5,000 0 1,000 6,000 
5,000 0 1,000 6,000 

15,856,566 0 3,171,313 19,027,879 
14,579,057 0 2,915,811 17,494,868 
14,579,057 0 2,915,811 17,494,868 
14,579,057 0 2,915,811 17,494,868 

20.45 24.54 
10,697,123 0 2,139,425 12,836,548 
3,216,177 0 643,235 3,859,412 

970,055 0 194,011 1,164,066 
2,954,881 0 590,976 3,545,857 

552,734 0 110,547 663,281 
2,419,614 0 483,923 2,903,536 

583,664 0 116,733 700,397 
24.08 28.90 

3,881,934 0 776,387 4,658,320 
733,648 0 146,730 880,377 
182,226 0 36,445 218,671 

TRACES MJI Versi, 



Print lk v 2 Jul) 2008 
Eli I>ah: 6/17/2008 

Description 
AJ 11703 REACH 3: RI05.5- R99 (30' Berm) 
A3 11704 REACH 4: R99- R93 (Dune) 
A3 11705 Rt:ACI! 5: R93- R83 (10' Berm) 
A3 11706 REACH 6: R83- R75.4 (Dune) 

Non~Coustrurtion 

A3 299 Projt~c-t Mouitoring 
.-\2 299 1 Beach Profile Survey 

A2 299 I I Survey Lines 

A2 299 1 2 Aerial Sui'VC)' 
A3 231 Construction Management (S&I) 

Contract S&A Cost 
A3 230 Planning, Engineering & Design 
A2 230 I E:ngineering & !).sign 
A2 230 I I Surveys 
A2 230 I 2 Specifications 
A2 230 I 3 Design (L&W Section) 
A2 230 I 4 Design (Structures Section} 
A2 230 I 5 Geotech 
A1 230 I 6 EN (Coastal Design) 
A2 2.,0 l 7 Cost Engineering 
A3 201 Lands and namages 
A2 201 I Lands and Ilamages 

Local Option l ~Plan 67 
Construction 
17 Beat:h Replenishment 
1700 Beach Replenishment 

A3 J 17 lnit'ial Nourishment 
A3 11701 REACH 1: Rl19- RI09(90' Berm) 
A3 11702 REACH 2: RI09- RI05.5 (7.5' Berm) 
A3 11703 REACII3: RI05.5- R99 (7.5' Berm) 
A3 11704 REACH 4: R99 • R93 (7.5" Berm) 
A3 11705 REACH 5: R93 • R83 (7.5' Berm) 
A3 11706 REACII 6: R83- R75.4 (7.5' Berm) 

A3 1 17 Periodic Renourishment 
A3 1170 I REACH I: Rll9- Rl 09 (90' Berm) 
A3 11702 REACII2: RI09- RI05.5 (7.5' Berm) 

Labor lD: LB06NutFD EQ ID: EP06ROX 

tJ.S. Ann) , of Engineers 
Project BBF813: Brevard County Shore Protection Project Mid~Rcach 

COE Standard Report Selections 

Quantity liOM 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 

43.00 EA 

1.00 EA 
1.00 LS 

1.00 EA 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 

I ,035,800.00 CY 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 

296,850.00 CY 
1.00 LS 
1.00 LS 

Currency in US dollars 

IC 08;39;56 

Project ( 'ost Summm)· Rcpott Page 4 

<:ontractCost Escalation Contingency l)rojectCost 
919,483 0 183,897 1,103,379 
603,513 0 120,703 724,215 
793,210 0 158,<>42 951,851 
649,855 0 129,971 779,826 

1,277,509 0 255,502 1,533,011 
114,500 0 22,900 137,400 
114,500 0 22,900 137,400 

1.500.00 1,800.00 
64,500 0 12,900 77,400 

50,()(}1)_{)() 60,00(f{JO 

50,000 0 10,000 60,000 
970,009 0 194,002 1,164,011 

Y70,00HIJ2 1.164,0/0_7(} 
970,009 0 194,002 1,164,011 
188,000 0 37,600 225,600 
188,000 0 37,600 225,600 
15,000 0 3,000 18,000 
40,000 0 8,000 48,000 
80,000 0 16,000 96,000 

8,000 0 1,600 9,600 
15,000 0 3,000 18,000 
15,000 0 3,000 18,000 
15,000 0 3,000 18,000 
5,000 0 1,000 6,000 
5,000 0 1,000 6,000 

26,958,944 0 5,391,789 32,350,733 
25,005,041 0 5,0(11,008 30,006,049 
25,005,041 0 5,001,008 30,006,049 
25,005,041 0 5,001,008 30,006,049 

1783 21 40 
18,471,513 0 3,694,303 22,165,816 
9,995,741 0 1,999,148 11,994,889 

853,694 0 170,739 1,024,433 
1,704,344 0 340,869 2,045,212 
1,874,626 0 374,925 2,249~~52 
2,247,128 0 449,426 2,696,553 
1,795,980 0 359,196 2,155,176 

22-01 26 41 
6,533,528 0 1,306,706 7,840,233 
3,018,461 0 603,692 3,622,153 

183,684 0 36,737 220,421 

TRACES MU Version 3.0 



Print Dak _J 2 July 2001:! 
Eff Date 6/17/ 20()8 

Description 
A3 11703 REACH 3: Rl 05.5 • R99 (7.5' Berm) 
A3 11704 REACH 4: R99 • R93 (7.5' Berm) 
A3 11705 REACH 5: R93 • Rl!3 (7.5' Berm) 
A3 11706 REACH 6: R83. R75.4 (7.5' Berm) 

Non-<:onstruction 
A3 299 Project Monitoring 
A2 299 1 Beach Profile Survey 

A2 299 t t Survey Lines 

A2 299 1 2 Aerial Survey 
A3 231 Constt·uction Management (S&I) 

<~ontraet S&A Cost 
.A.3 230 l)lanning, Engineering & Design 
Al 230 I Engineering & Design 
A2 230 1 1 Surveys 
A2 230 I 2 Stlecifieations 
A2 230 I 3 l>esign ( L& W Section) 
A2 230 I 4 i)esign (Structures Sel'tion) 
A2 230 I 5 Geotech 
A2 230 I 6 EN (Coastal Design) 
A2 230 I 7 Cost Engineering 
,\..) 201 Lands and Damages 
A2 201 I Land' and namages 

Local Option 6 
Construction 
17 Beach Replenishment 
1700 Beach Replenishment 

A .. \ 117 lnit'ial Nourishment 
A3 11701 REACH 1: Rll9 • Rl09 (10' Berm) 
A3 11702 REACill: Rl09. R105.5 (20' Berm) 
A3 11703 REACH 3: Rl05.5 • R99 (20' Berm) 
A3 11704REACH 4: R99-R93(10' Berm) 
A3 11705 REACH 5: R93 • R83 (10' Berm) 
A3 11706 RF:ACH 6: R83. R75.4 (Dune) 

AJ 117 Periodi(: Renou,·ishment 
A3 11701 REACH I: Rll9 • RI09 (10' Berm) 
A3 11702 RF:ACH 2: RI09 • Rl05.5 (20' Berm) 

Lalxu l NatFIJ EQ ID: I:P06KOS 

U$. Ami) ,, of Engineers 
Project BBFlo: 13: Brevard County Shore Protection Projr;;ct Mid-Reach 

COE Standard Report Selections 

Quantity !JOM 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 

43.00 EA 

1.00 F:A 
1.00 I.S 

1.00 EA 
1.00 I.S 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 I.S 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 

588,000.00 CY 
1.00 I.S 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 

171,450.00 CY 
1.00 LS 
1.00 LS 

Cum; IS dollars 

.11C 08;39;56 

Project Cost Summary Report Page 5 

ContractCost Escalation Contingency ProjectCost 
697,049 0 139,410 836,458 
885,711 0 177,142 1,062,853 
798,438 0 159,688 958,125 
950,186 0 190,037 1,140,223 

1,953,903 0 390,781 2,344,683 
114,500 0 22,900 137,400 
114,500 0 22,900 137,400 

1.500.00 1.80000 
64,500 0 12,900 77,400 

50,00(f(j() 60,00ff00 
50,000 0 10,000 60,000 

1,646,403 0 329,281 1,975,683 
1,646,402.73 1.975,683.28 
1,646,403 0 329,281 1,975,61!3 

188,000 0 37,600 225,600 
188,000 0 37,600 225,600 
15,000 0 3,000 18,000 
40,000 0 8,000 48,000 
80,000 0 16,000 96,000 

8,000 0 1,600 9,600 
15,000 0 3,000 18,000 
15,000 0 3,000 18,000 
15,000 0 3,000 18,000 
5,000 0 1,000 6,000 
5,000 0 1,000 6,000 

17,489,719 0 3,497,944 20,987,663 
16,008,746 0 3,201,749 19,210,495 
16,008,746 0 3,201,749 19,210,495 
16,008,746 0 3,201,749 19,210,495 

20.29 2435 
11,932,961 0 2,386,592 14,319,554 
3,216,177 0 643,235 3,859,412 
1,305,758 0 261,152 1,566,910 
2,370,646 0 474,129 2,844,775 
2,037,103 0 407,421 2,444,524 
2,419,614 0 483,923 2,903,536 

51!3,664 0 116,733 700,397 
23.77 28 53 

4,075,785 0 815,157 4,890,942 
728,946 0 145,789 874,735 
211,369 0 42,274 253,643 

TRACES Mil Vcrs 



Print D;-. d 2 July 201.1::.: 
Uf Dat;: 61 I 7i200}t 

llest'ription 
A3 11703 R•:ACIJ 3: R1 05.5. R99 (20' Berm) 
A3 11704 REACH 4: R99 • R93 (I 0' Berm) 
A3 11705 REACH 5: R93 • R83 (I 0' Berm) 
A3 11706 RKACII6: R83 • R75.4 (Dune) 

Nou~<:onstruction 

A3 299 J)rojet'l Monitoring 
A2 299 I Beach l'rofile Survey 

A2 29<) l I Survey Lines 

A2 299 J 2 Aerial Survey 
A3 2Jl Constf·uction Management (S&I) 

Contract S&A Cost 
A3 230 l)lanning, Engineering & nesign 
A2 230 1 !Engineering & Design 
A2 230 I I Surveys 
A2 230 1 2 Specifications 
A2 230 I 3 llesign (L& W Section) 
A2 2.\0 l 4 Design (Structures Section) 
A2 230 I 5 (;eotech 
A2 230 I 6 EN (Coastal Design) 
A2 230 I 7 Cost Engineering 
AJ 201 Lauds and Oamagcs 
A2 201 1 Lall(l\: and Damages 

l.abPr lD; L B06NatFD U) lD: LP06ROS 

U.S. Ann) ·'of Engineers 
Project BBF813: Brevard County Shore Protection Project Mid-Reach 

COE Standard Report Sc!cciions 

Quantity l.IOM 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 

43.00 EA 

1.00 t:A 
1.00 LS 

1.00 EA 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 

Cum::w ... ')' in US dollars 

.1c 08:39:56 

Project Cost Swnmary Report Page 6 

ContractCost I~scalation Contingency ProjectCost 
805,463 0 161,093 966,555 
882,215 0 176,443 1,058,658 
797,937 0 159,587 957,525 
649,855 0 129,971 779,826 

1,480,973 0 296,195 1,777,167 
114,500 0 22,900 137,400 
114,500 0 22,900 137,400 

1.50tf00 ])j()(/_{}() 

64,500 0 12,900 77,400 
50,0@00 60,000.00 
50,000 0 10,000 60,000 

1,173,473 0 234,695 1,408,167 
1,173,472/:C! /,4(/?(16738 

1,173,473 0 234,695 1,408,.167 
188,000 0 37,600 225,600 
188,000 0 37,600 225,600 
15,000 0 3,000 .18,000 
40,000 0 8,000 48,000 
80,000 0 16,000 96,000 

8,000 0 .1,600 9,600 
15,000 0 3,000 18,000 
15,000 0 3,000 18,000 
15,000 0 3,000 18,000 
5,000 0 1,000 6,000 
5,000 0 1,000 6,000 

TRACES Mil Version 3.0 
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Print Ua. _d I M June 2008 
l~fr lJa!;; 6/9!2008 

lksign.::d b) 
l'LSAJ-EN-WC (J Engk) 

Pn.:p<lrcJ by 
It Blake 

Dircrt Costs 
LaborCnst 
E()Cost 
Ma!!('ost 
Sub Bid( 'ost 
OTHI.R 
-I ipping Fees 

Labor Rates 
Labor( 'tbtl 
I. ahor('os.t2 
Laborl'ost3 
LaborCos.t4 

03 SOI.lTHEAST 
Suk' Tax 7AO 

\\orkmgllour:spcrYcar 1530 
Labor Adiustm.:nt Factor 0.82 

ofMoncy 4.75 

l.ahor I 

Cost of Mont~)' Discount 25.00 
Tin.: Recap Cost Fador 1.50 

Tin: R~cap Wear Factor 1.80 
rirc Repair Factor 0. 15 

Fquipmcnt Cost Factor 1.00 
fkprJ.:t:iJHion Factor 0.50 

•NatFD E() ID: !:1'06ROS 

tJ.S.Ann. .:.ofEng,incen; 
Project : Brevru·d County Shore Protection Project Mid-Reach 

COE Standard Report Sdcctions 

Costbook CB06EB: Mil English Cost Book 2006 

Labor LB06NatFD: Labor National2006 
Note: bttp://www.wdol.gov/ 

.nc 12:01:01 

Library Properties Page i 

Design Document Revised (iRR Reef Mitigation Alternatives 
Document Dale 5/30/2007 

District Jacksonville 
Con tact J. Engle & C. Bronson 

Budget Year 200S 
{J()M System English 

Timeline/(:urrency 
Preparation Date 6/9/2008 

Escalation Date I 0/l/2007 
EfT. Pricing, Date 6/9/2008 

Estimated Duration 0 Day(s) 

CmTCncy US dollars 
Exchange Rate 1.000000 

Equipment EP06R08: Mil Equipment Region 8 2006 Interim 

Fuel 
Electricity 0.070 

Oas. 4.000 
Diesel OH:-Road 4.550 
Diesel On-Road 4. 750 

Cum: )S dollars 

Shipping Rates 
Over 0 CWT 2.45 

Over 240 CWT 2.5 5 
Over 300 CWT 3.18 
Over 400 CWT 4.02 
Over 500 CWT 4.43 
Over 700 CWT 3.36 
Over 800 CWT 3.23 

TRACES Mil Vcrv 
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COE Standanl Report Selections Pmject Notes. Page ii 

l)atc Author Note 

CLSAJ-FN-C REVISIJl PLANNING ESTIMATE FOR GENERAL REEVALUATION REPORT (GRR) INCLUDING PROFIT AND CONTINGENCY 

llRLVARD COI!N I'Y S!IO!Uo I'ROTECTJON l'ROJLCT, MID-REACH, INITIAL PLAN ALTERNATJVI:.S I'LUS PRELIMINARY 01 FS!IORE MITIGATION REEl· 
ALTERNATIVES 

Rdbcnce CI:SAJ~FN-W< · cmails of 16 and 19 November 2007 providing the final scope ofvvork fOr the (JRR Reef Mitigation Plan Alternatives to be used to complete the 
CEIICA cost analysis as directed by the HQ USACF Review Team. 

SCU!'t OF PROJECT: 

Project Description -Ike\ ard Count) SPP Mid Rca~:h is 7.6 miles in length and is bounded b:y Patrick Air Force Base to the north and the previously constructed South Reach till 
tirca to the soul h. ·rhc Mid Reach i.s divided Into sub~reachcs (1-6) that extend from south to north \\ilhin the pr~ject area (see attad1~.::d map, Figure l.). 

lltc bomm· sit~o for the hydmulit: tlll alternatives is Canaveral Shoals IL which is located approximately 20 miles nurth-nm1hcast of the Mid Reach. This borrmv site has been used 
previously fnr t:tm:->trw:tion and rennurislunent of the North <md South Reachel>. 

Fstimatl.' Assumptions: 

l. All \\Ork to be accomplished by 'd (Je.ncnll Marine Construction Contractor with the capability to work in the ofTsht)H~ cnviroruncnt including access to USC( I Certified Boating 
c4uipmen!. 

2. I'he <.1rti(;ulatcd cuncn:te mattresses will be provided by a Coastal Consultanting Servicc as a spe(;iali:t.£d material. Cost for this was provid~::d by b·ie ()!sen and Associates, lm.'. 
tn be indudcd in the cost estimate- and incremental cost analysi:.. 

1:.stimut1.~ Pararnctcr:s: 

I. L1s-.:d 15 
11!1 work on 

~:onting~~ncy appropriate f(H the level of pmjc~.:;t design. There is very t:mTent contract pricing and production data avuilabk for this pn~jc.cl performing beach 
Northern and Southcm Reaches that is the samt: or similar as. the beach fill work being considered J(x the initial GRR plans lOr the Mid-Reach. 

* ~ Used 20 pcrcent cmttingcm:y for tlw revised Reef Mitigation Plan Alternatives cost due to the reduced level of engineering data a\'ailabk: on some of the plan dements. 

2.. Non eoustnJdiou eosts induding PED. S&A, Lands and Damages, Monitoring and Mitigatiun included in the estimate as fOllows. 

l'FD - !0 percent as per CESAJ-FN*HC!J. Englt:. 

S&A- ~t5 percent as per CFSAI-DP~CfO. Rodriqu!.:z. 

Envin.mnH:ntal Mitigation- Preliminary Offshore Mitigation Reef areas d~..:sign provided by CESAJ-EN*I IC/J. Engle 3 November 2005. 

*-Final OftShon." Mitigation Reef Plan Alternatiws design information provided by CESAJ-J.:N~WC/J. Engle 16and 19 November 2007. 

3. AI! costs ar~~ in curr~..:nt dollar values and no escalation has bccn applied to the estimate. 

I ahor lO: LB06NatFD FQ lD: FP06R08 Cun·ent:y in US dollars I RACES MH Version 3.0 
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Ltl Dat.: 6.i9/20(J8 

Date . .\utltur 

Pn1ject : Brevard County Shore Protection Project Mid~Rcach 

COE Standard Report Selections 

Note 

Revised hstimatcd ConstruL'Iion Times fOr Offshore Mitigation Reef Altcmatives. 

LIMESTONE AND MARINE MATTRESS ALfERNAT!VE: 

5 ACRLS JO days mob/demob ·t- 3(10 days construction.,..~ 330days 
6 ACRES 30 days mnb/dcmoh + 360 days construction""" 390 days 
7 AClU·'.S 30 days mob/demob + 420 days construction 450 days 
8 ACRI;S 30 days moh/dcmoh + 480 Jays construction 510 days 
9 ACR!:S 30 days moh/demob + 540 days construction 570 days 

ART!Cl!IATI'i) CONCRETE MATTRESS ALTFRNAT!VF: 

5 ACRES-'""' 30 days moh/dcmob -t 175 days construction 205 days 
6 ACI-Zl;S 30 Jays moh/demoO I' 200 days construction .-."' 230 days 
7 ACRES 30 days moh/demoh t 225 days canstruction 255 days 
8 ACRES 30 days moh/dcmnh ·!· 250 days consuuction-"'- 280 days 
9 ACRES 30 days mob/demoh + 275 days. cn:nstruction 305 Jays 

No rrs 

Project Notes Page iii 

"* ~ \Vork 1.:tmld be pcriOnm:d under multiple oontracts or be pha-.ed construction in order to rcdw.:e the actual construction times for project exceeding one year. 

* ** ~ lndw.lt.:s 50 \\-Calh.:r delay days per construction year. 
6/16!200& CLSAJ~EN~C Rcvisl.'J estimate to reduce the number of incremental mitigation areas from l-12 acres to 5-9 acres a'> per email instructions from CESAJ-EN-WC/J. Engle on 30 May 2008. 

Labur 

Also n:pri~.:cd the eslimat~' costs to cum:nt pric<'- level including cum::nt fud prices. 
rhb included applying_ escalation to the 2006 articulated mattress costs previously provided by the I .ocal Sponsor's consultant, Kevin Hodge, PhD., Eric Olson and AsS-tX:iates. 

A corrcdion was made to the Coquina Rock yuuntity 11x a single manufactured reef mattress increasing it from 700 lo 1,600 tons per mattn..:ss as pt:r email Ji'\)m Me Bodge to 
CtSAJ~EN-WC dated 17 June 2008. 

Thl.'.' cost ind~~x factors used to escalat~:d the 2006 articulated mattress costs were taken from EM 1110-2-1304, Civil Work.'> Construction Cost Index System (CWCCIS), CWBS 
Category 17 Beach Replenishment, revised edition titHed 31 March 2008. 

'>NatFD EQ Ill: EI'06R08 Cum JS dollars TRACES MH Vcrr. 



Prin! D.. _J 18 June 2oog 
F(L Date 6/9i200S 

tLS. Am., s of Engineers 
Prqjc~;t: Bn.:vard County ~llon.: Protection Project Mid-Reach 

inC J2:0J:01 

COE Standard Report Selections Projc~:t Cost Summary Report Page I 

Project Cost Summary Report 
neseription Quantity UOM ContractCost Escalation Contingency ProjectCost 

!VII MITIGATION REEF· LIMESTONE & MARINE MATTRESS 
Ml 1 lut-remental Costs 
Ml 1M I 5 Acre OtlShore Mitigation Reef 5.00 ACR 9,390,329 0 2,037,701 13,165,241 Ml l M I 6 A <ere Offshore Mitigation Reef 6.00 ACR 11,286,494 0 2,449,169 15,823,664 Ml I M l 7 Acre Offshore Mitigation Reef 7.00 ACR 13,115,108 0 2,845,978 18,387,382 Ml I M I 8 Ane Offshore Mitigation Reef 8.00 ACR 14,943,723 0 3,242,788 20,951,099 Ml I ~II 9 Aere Offshore Mitigation Reef 9.00 ACR 16,772,337 0 3,639,597 23,514,816 

M2 MIT!(;ATION REEF· ARTIC'llLATED CONCRETE MATTRESS 
M2 1 Incremental Costs 
M2 1M 1 5 Acre Offshore Mitigation Reef 5.00 ACR 5,797,579 392,625 1,258,075 8,520,831 M2 I M2 6 Acre Offshore Mitigation Reef 6.00 ACR 6,919,222 461,424 1,501,471 10,162,172 M2 I MJ 7 Acre Offshore Mitigation Reef 7.00 ACR 8,040,864 538,328 1,744,868 11,811,619 M2 I M4 H Acre Offshore Mitigation Reef 8.00 ACR 9,162,507 615,232 1,988,264 13,461,066 Ml I MS 9 Acre Ol'fsbore Mitigation Reef 9.00 ACR 10,284,149 692,136 2,231,660 15,110,513 

Project Detailed Cost Summar}' Report 

Ml MITJ(;A TION REEF- LIMESTONE & MARINE MATTRF:SS 
Ml I lncn·mental Costs 
Ml I Ml 5 Acre Ol'fsbore Mitigation Reef 5.00 ACR 9,390,329 0 2,037,701 13,165,241 Ml 1l\1l ~I lHobilization/l)emobiJization 1.00 LS 252,337 0 54,757 353,776 Ml I Ml~l I Mobilization, Dernob & Prep Work 1.00 LS 196,015 0 42,535 274,813 Ml IMl_l 1 1 Mobilization and Demobili;;:at'ion UIO LS 77,438 0 16,804 108,567 Ml I M 1_1 I 2 Clamshellllredge Mob/Demob 1.00 LS 72,076 0 15,640 101,050 Ml 'IMI~l I 3 Crane for Lo~tding Materials 1.00 LS 8,259 0 1,792 11,579 Ml I M 1_1 l 4 Offshore Mooring Piles 1.00 LS 38,243 0 8,299 53,617 Ml 1 M1_.1 2 Preconstructiou Sun'ey 1.00 LS 18,570 0 4,030 26,035 Ml I M I) 2 I Reef Hydro Surveys 1.00 LS 6,561 0 1,424 9,198 Ml 1M 1_~ 1 2 2 Ret•f i)iving Surveys 1.00 LS 12,009 0 2,606 16,836 Ml 1M l __ I 3 Final Construction Survey 1.00 LS 18,570 0 4,030 26,035 Ml lMl_) 3 1 Reef Construction Areas 1.00 LS 6,561 0 1,424 9,198 Ml I M l ~.1 3 2 Reef !living Surveys 1.00 LS 12,009 0 2,606 16,836 Ml l M 1 l 4 Associated General Items 1.00 LS 19,182 0 4,163 26,894 Ml IMI~I 4 I Purchase Buoys 1.00 LS 5,203 0 1,129 7,294 Ml I M l ~I 4 2 Install and Maintain Buoys 1.00 LS 13,980 0 3,034 19,599 Ml 1 Mt~2 Artificial Reef Limestone 38,000.00 TON 3,423,682 0 742,939 4,800,003 Ml JMI ... ) l Armor Stone (3'·6' Dia.) 

39,900~00 TON 3,378,460 0 733,126 4,736,601 Ml 1M l_ 2 2 Foundation l!::xcavation 217,800.00 SF 45,223 0 9,813 63,402 l\11 IM1~2 2 I Ext:avation, llnclassitied 8,066.67 CY 45,223 0 9,813 63,402 Ml lM1_3 12~lncb Marine Mattresses 950.00 EA 5,464,891 0 1,185,881 7,661,778 

Labor ID I.B06NatFD Et) Ill: EI'06RO& 
CUITCilC) in US dollar:> TRACES Mil Version 3.0 



Prin1 Du, .J I 8 Jum~ 2008 
Uf Date 6/9/2008 

M 1 ll\'1 1~ 4 Ct~otextile Filter· Fabric 
Description 

l\1 I I l\1 I 6 Acre Offshore Mitigation Reef 
M 1 1 l\11 ~~ Mobilization/Demobilization 
Ml ll\11~) I Mobilization, Demob & Prep Work 
l\11 lMl_l I 1 Mobilization and l)emobilizatiou 
M I 1M IJ l 2 Clamshelll)redge Mob/Demob 
M I I M I~) I 3 Crane for Loading Materials 
Ml IM!_l I 4 Offshore Mooring Piles 

:M 1 I M l_J 2 I•rcconsu·uction Survey 
Ml IJ\11_121 ReefHytlroSurv.ys 
M I I M 1 ~J 2 2 Reef Diving Surveys 
M l 1M 1_1 3 Final Construction Survey 
Ml ll\11_1 31 Reef Construction Areas 
l\11 I MI~~J 3 2 Reeflliving Surveys 
Ml IM1_14AssociatedGeneralltems 
Ml I M 1_1 4 I Purchase BUO)'S 

MJ 1Ml_J 4 2 Install and Maintain nuoys 
M J I M 1.) Artificial Reef Limestone 
Ml 11\11_2 I Armor Stone (3'-6' Hia.) 
Ml Jl\'11~,2 2 Foundation .Excavation 
Ml J l\-H __ 2 2 J Excavation, l.!ndassitied 

Ml 1Ml_312-lncb Marine Mattresses 
M l 1M I ~"4 Geotextile Filter Fabrit• 
M 1 1M l 7 Acre Offshore Mitigation Reef 
M 1 1M l.~ t l\lobilization/Demobili:tation 
Ml IMI_I 1 Mobilization,llemob&PrepWork 
M 1 I M l ~ l I I Mobilization and Demobilization 
l\11 I M I_) I 2 Clamshell llredge Moblllemob 
M 1 1M 1 _"I l 3 Crane for Loading Materials 
Ml lMl_l l 4 Offshore Mooring Piles 
M I 1M 1_1 2 Pret~tmstrudion Survey 
Ml !MI_I 2 I Reefllydro Surveys 
M I I M I _I 2 2 Reef l)iving Surveys 
M J 1M I~ I 3 Final Construction Survey 
M 1 1M t _1 3 I Reef Constn1ction Areas 
M I I M I ~J 3 2 Reef lliving Surveys 
M l J M 1_1 4 Assodated General Items 
Ml 11\cH") 4 I l'urchase Buoys 
M l 1M t ~ 1 4 2 Install and Maintain Buoys 

M l J M I_ 2 Artificial Reef Limestone 
Ml 1!\11_2 I Armor Stone (3'-6'1lia.) 
Ml !M1_2 2 Foundation Excavation 

Lahur I >i'iatF!l EQ Jl): IP06RII~ 

ll.S. Arm 3 of Engineers 
Pmjcct; Brevard County Shore Protection Prt~!ect Mid-Reach 

COL Standard Report Selections 

Quantity IJOM 
167,125.00 SF' 

6.00 ACR 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 

45,600,00 TON 
47,880.00 TON 

261,360.00 SF 
9,680.00 CY 
1,140.00 EA 

200,550.00 SF 
7.00 ACR 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 
1.00 LS 

53,200.00 TON 
55,860,00 TON 

304,920.00 SF 

Cum JS dollars 

d1C 12:01:01 

Projl~Cl Cost Summary Report Page 2 

ContractCost Esc.alation Contingency ProjectCost 
249,419 0 54,124 349,685 

11,286,494 0 2,449,169 15,823,664 
252,337 0 54,757 353,776 
196,015 0 42,535 274,813 
77,438 0 16,804 108,567 
72,076 0 15,640 101,050 
8,259 0 1,792 11,579 

38,243 0 8,299 53,617 
18,570 0 4,030 26,035 
6,561 0 1,424 9,198 

12,009 0 2,606 16,836 
18,570 0 4,030 26,035 
6,561 0 1,424 9,198 

12,009 0 2,606 16,836 
19,182 0 4,163 26,894 
5,203 0 1,129 7,294 

13,980 0 3,034 19,599 
4,099,372 0 889,564 5,747,319 
4,045,104 0 877,788 5,671,236 

54,267 0 11,776 76,083 
54,267 0 11,776 76,083 

6,636,277 0 1,440,072 9,304,060 
298,509 0 64,776 418,510 

13,115,108 0 2,845,978 18,387,382 
252,337 0 54,757 353,776 
196,015 0 42,535 274,813 
77,438 0 16,804 108,567 
72,076 0 15,640 101,050 
8,259 0 1,792 11,579 

38,243 0 8,299 53,617 
18,570 0 4,030 26,035 
6,561 0 1,424 9,198 

12,009 0 2,606 16,836 
18,570 0 4,030 26,035 
6,561 0 1,424 9,198 

12,009 0 2,606 16,836 
19,182 0 4,163 26,894 
5,203 0 1,129 7,294 

13,980 0 3,034 19,599 
4,775,061 0 1,036,188 6,694,635 
4,711,749 0 1,022,450 6,605,872 

63,312 0 13,739 88,763 

TRACES Mil Vcrs 
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COE Standard Report Sdcc.tions Project Cost Summary Report Page 3 

Description Quantity llOM ContractCost Escalation Contingency ProjectCost Ml 1 l\'11 ~2 2 1 Ext.·avation~ l}nclassified It ,293.33 CY 63,312 0 13,739 88,763 Ml J M 1 _ _3 J 2-lnch Marine Mattresses 1,330.00 EA 7,740,111 0 1,679,604 10,851,636 Ml 1M 1 ~ 4 (;eotextile Filter Fabric 233,975.00 St' 347,600 0 75,429 487,335 M1 1M I 8 Acre O!Ishore Mitigation Reef 8.00 ACR 14,943,723 0 3,242,788 20,951,099 Ml J M J _1 Mobilization/Demobilization 1.00 LS 252,337 0 54,757 353,776 Ml IM1_1 I Mobilization, Demob & Prep Work 1.00 LS 196,015 0 42,535 274,813 Ml l Ml~l J 1 Mobilization and Demobilization 1.00 LS 77,438 0 16,804 108,567 Ml IMI_l I 2 ClamshellUredge Moblllemoh 1.00 LS 72,076 0 15,640 101,050 Ml IMI_l 1 3 Crane for Loading Materials 1.00 LS 8,259 0 1,792 11,579 l\11 IM1_1 1 4 Offshore Mooring Piles 1.00 LS 38,243 0 8,299 53,617 l\11 I M 1 ~,I 2 Preconstruc.tion Survey 1.00 LS 18,570 0 4,030 26,035 Ml IM1_l 2 I Reefllydro Surveys 1.00 LS 6,561 0 1,424 9,198 l\11 I M I,) 2 2 Reef l>iving Surveys 1.00 LS 12,009 0 2,606 16,836 l\11 IMI~I 3 Final Construction Survey 1.00 LS 18,570 0 4,030 26,035 Ml l"M1.J 31 Reef Construction Areas 1.00 LS 6,561 0 1,424 9,198 Ml I Ml _ _l 3 2 Reef l)iviug Surveys 1.00 LS 12,009 0 2,606 16,836 M1 I M I .. _1 4 Associated (;eueralltems 1.00 LS 19,182 0 4,163 26,894 Ml lMl_l 41 Purchase Buoys 1.00 LS 5,203 0 1,129 7,294 1\11 IMI __ I 4 2 Install and Maintain Buoys 1.00 LS 13,980 0 3,034 19,599 Ml 1Ml~2 Artificial Reef Limestone 60,800.00 TON 5,450,750 0 1,182,813 7,641,952 1\11 IMI_l 1 Armor Stone (3'-6' Ilia.) 63,840.00 TON 5,378,394 0 1,167,!12 7,540,508 M1 lMJ_2 2 Foundation Excavation 348,480.00 SF 72,356 0 15,701 101,443 Ml ll\'11~2 2 1 :Excavation, t.!nclassified 12,906.67 CY 72,356 0 15,701 101,443 Ml IM1_312~lnch Marine Mattresses 1,520.00 EA 8,843,946 0 1,919,136 12,399,212 l\11 1 Ml ~ 4 Geotextite Filter Fabrk 267,400.00 SF 396,690 0 86,082 556,159 Ml 1M l 9 Ane OtTshtn·e Mitigation Reef 9.00 ACR 16,772,337 0 3,639~~97 23,514,816 l\11 I l\11_1 Mobilizatlonlllemobilization 1.00 LS 252,337 0 54,757 353,776 Ml IMI _ _l I Mobilization, Uemob & Prep Work 1.00 LS 196,015 0 42,535 274,813 l\11 lMl~I 1 1 Mobilization and Demobilizat·ion 1.00 LS 77,438 0 16,804 108,567 Ml I M l __ l 1 2 ClamsbeiiUredge Mobfl)emob 1.00 LS 72,076 0 15,640 101,050 l\11 ll\'11_1 1 3 Crane for Loading Materials 1.00 LS 8,259 0 1,792 11,579 l\11 IMI_J I 4 Offshore Mooring Piles 1.110 LS 38,243 0 8,299 53,617 Ml IMJ_J 2 Preconstrudion Survey 1.00 LS 18,570 0 4,030 26,035 Ml ll\11_) 2 1 Reef llydro Surveys 1.00 LS 6,561 0 1,424 9,198 Ml 1M 1_ .. I 2 2 Reef Diving Surveys 1.00 LS 12,009 0 2,606 16,836 Ml I M I~ J 3 Final Construction Survey 1.00 LS 18,570 0 4,030 26,035 Ml lMJ_J 3 I Reef Construction Areas 1.00 LS 6,561 0 1,424 9,198 Ml 1Ml __ l 3 2 Reef Hiving Surveys 1.00 LS 12,009 0 2,606 16,836 Ml ll\1 J _I 4 Associated (;eneralltems 1.00 LS 19,182 0 4,163 26,894 Ml 1!\'11~,1 4 I Purchase Buoys 1.00 LS 5,203 0 1,129 7,294 Ml lMJ~l 4 2 Install and Maintain Buoys 1.00 LS 13,980 0 3,034 19,599 Ml l!\-'11_2 Artificial Reef Limestone 68,400.00 TON 6,126,440 0 1,329,437 8,589,268 
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Description Quantity UOM ContractCost Escalation Contingency ProjectCost 
Ml lM1""2 l Armot· Stone (3'~6' Dia.) 71,820.00 TON 6,045,039 0 1,311,773 8,475,144 
l\-'11 l M 1.~2 2 Foundation Excavation 392,040.00 SF 81,401 0 17,664 114,124 
Ml 1 MI.) 2 1 Excavation, \Jnclassified 14,520.00 CY 81,401 0 17,664 114,124 

Ml 11\11_3 12-lnch Marine Mattresses 1,710.00 EA 9,947,780 0 2,158,668 13,946,788 
Ml 1M1_4 Geotextile .Filter Fabric 300,825.00 Sl' 445,780 0 96,734 624,984 

1\12 MITIGATION REEF· ARTICIILATED CONCRETE MATTRESS 
M2 1 Jm:remental Costs 
M2 I M I 5 Acre Offshore 11-litigation Reef 5.00 ACR 5,797,579 392,625 1,258,075 8,520,831 1\12 I Ml_) Mobilization/Hemobilization 1.00 LS 189,366 8,105 41,092 273,596 M2 lMt_l l Mobilization, Demob & Prep \Vork 1.00 LS 133,044 8,105 28,871 194,633 M2 1M1_l 1 I Mobilization and Demobilitation 1.00 LS 86,543 8,105 18,780 129,438 M2 lMl_l 13 ('rane for Loading Materials 1.00 LS 8,259 0 1,792 11,579 M2 1 Ml_l 1 4 Offshore Mooring Piles 1.00 LS 38,243 0 8,299 53,617 M2 lMl_J 2 Pre-construction Survey 1.00 LS 18,570 0 4,030 26,035 M2 lMI_l 2 I Reef Hydro Surveys 1.00 LS 6,561 0 1,424 9,198 M2 IM1_1 2 2 Reef Diving Surveys 1.00 LS 12,009 0 2,606 16,836 M2 JMl_J 3 Final Construction Survey 1.00 LS 18,570 0 4,030 26,035 M2 lMl_l 3 l Reef Construction Areas 1.00 LS 6,561 0 1,424 9,198 M2 IMI_132 Reef Hiving Surveys 1.00 LS 12,009 0 2,606 16,836 M2 l Ml~J 4 Associated General Items 1.00 LS 19,182 0 4,163 26,894 M2 IMI_l 4 1 Pur'chase Buoys 1.00 LS 5,203 0 1,129 7,294 M2 I M 1_1 4 2 Install and Maintain Buoys 1.00 LS 13,980 0 3,034 19,599 M2 1Ml~w2 Provide Articulated Concrete Mattresses 5.00 ACR 4,105,766 384,520 890,951 6,140,804 M2 lMl-_2 1 Articulated Concrete Mattresses (8'x16'xl2") 1,700.00 EA 4,105,766 384,520 890,951 6,140,804 Place Articulated Concrete- Mattresses 

5.00 ACR 1,502,447 0 326,031 2,106,430 M2 I M 1 .... } Articulated Conrrete Mattress Placement 5.00 ACR 1,502,447 0 326,031 2,106,430 M2 1M2 6 Acre Offshore Mitigation Reef 6.00 ACR 6,919,222 461,424 1,501,471 10,162,172 M2 I M 1 .... "'1 Mobilization/Oemobilization 1.00 LS 189,366 0 41,092 265,491 M2 IM1) 1 Mobilization, Hcmob & Prep Work 1.00 LS 133,044 0 28,871 186,528 M2 lMl_J 1 1 Mobilization and Demobilization 1.00 LS 86,543 0 18,780 121,333 M2 l M 1 ... ) I 3 Crane for Loading Materials 1.00 LS 8,259 0 1,792 11,579 M2 I M 1_1 I 4 OII,hore Mooring Piles 1.00 LS 38,243 0 8,299 53,617 M2 1Ml.) 21'reconstruction Survey 1.00 LS 18,570 0 4,030 26,035 M2 I M 1_, I 2 I Reef Hydro Surveys 
1.00 LS 6,561 0 1,424 9,198 M2 lMl_) 2 2 Reef Diving Surveys 1.00 LS 12,009 0 2,606 16,836 M2 J M J _1 3 I<'inaJ Construction Survey 
1.00 LS 18,570 0 4,030 26,035 M2 1M 1 __ 1 3 1 Reef Construction Areas 
1.00 LS 6,561 0 1,424 9,198 M2 I M 1_1 3 2 Reef Hiving Surveys 
1.00 LS 12,009 0 2,606 16,836 M2 1M 1 ~~ 1 4 Associated General Items 
1.00 I.S 19,182 0 4,163 26,894 M2 I M I ~.1 4 l Purchase Buoys 
1.00 LS 5,203 0 1,129 7,294 M2 J.Ml .. J 4 2 Install and Maintain Buoys 1.00 LS 13,980 0 3,034 19,599 M2 J.M 1_2 l,rovide Articulated Concrete Mattresses 6.00 ACR 4,926,919 461,424 1,069,141 7,368,965 
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Print t~, ~:d IS Jun~: 2001{ tl.S. Arr. 1JS of Engineers 
Ln: Date 6/9; 20\.18 Prqjcct : Brevard County ~!lOre Protection Project Mid-Reach 

Description 
M2 lMl. 2 1 Articulated Concrete Mattresses (8'xl6'xl2") 
Plaft~ Articulated ConcTete Mattresses 
1\-12 IMl_} Articulated Concrete Mattress Placement 
M2 J M3 7 At:re Offshore Mitigntion Reef 
M2 I MI_l Mobiliza:tionJDemobilization 
M2 IMI.~I I Mobilization, Demob & Prep Work 
M2 I M I I I I Mobilization and Demobilization 
M2 1Ml~l I 3 Crane for Loading Materials 
M2 I M •~ I I 4 Oft"shorc Mooring Piles 
M2 11\·'11_) 2 Preconstruction Survey 
M2 IMI~l2 1 Reefllydro Surveys 
M2 1MI~I22ReefDivingSuncys 
M2 1M l_) 3 Final Construction Survey 
M2 IM1~131 Reef Construction Areas 
M2 1MI_1 3 2 Reef Diving Surveys 
M2 11\·J 1 ~ l 4 Associated (ieneralltems 
l\12 1!1<11~1 4 I Purchase Buoys 
M2 1 Ml~1 4 2 Install and Maintain Buoys 

M2 tM1_2 Provide Artkulated Concrete Mattresses 
M2 I Ml~2 I Artkulated Concrete Mattresses (8'xl6'x12") 
Place Artkulated Concrete Mattresses 
1\U I M 1_ 3 Articulated Coucnte Mattress Placement 
!\12 l M4 8 Acre Offshore Mitigation Reef 
M2 1M 1 ___ 1 MobilizatiouJOemobiliza:tion 
l\12 1M I) I Mobilizntion, i)emob & Prep Work 
M2 ll\11_1 1 t Mobilization and Demobilization 
M2 t M 1 ~ 1 I 3 Crane for I ,oading Materials 
l\12 1M1~1 1 4 Of[,hore Mooring l'iles 
M2 1M 1 ~ 1 2 P1·econstruction Survey 
M2 ll\11~121 ReefHydroSurveys 
M2 1M I ~.1 2 2 Reef Diving Surveys 

l\·12 l.M 1 .. J 3 F'inal Construction Survey 
J\12 1M t _J 3 1 Reef Construction Areas 
!\12 ll\11~1 3 2 Reef Diviug Surveys 
M2 1M 1 ~ .. 1 4 Associated General Items 
M2 JMI~l 41 Purchase Buoys 
1\12 IMI_) 4 21nstall and Maintain Buoys 

M2 ll\'ll~2 Provide Articulated Concrete Mattresses 
M2 IM1~21 Articulated Concrete Mattresses(8'xl6'x12") 
Place Articulated Concrete Mattresses 
M2 1MI~3 Artkulated Concrete Mat1ress Placement 
1\12 I MS 9 Acre Offshore Mitigation Reef 

Lahur ID: I BO()NatFD FQ JD: FP06R08 

COE Standard Report Selections 

Currem:y in US dollars 

Quantity l!OM 
2,040,00 F.A 

6.00 ACR 
6,00 ACR 
7.00 ACR 
LOO LS 
1,00 LS 
1,00 LS 
LOO LS 
LOO LS 
LOO LS 
LOO LS 
LOO LS 
1.00 LS 
LOO LS 
1.00 LS 
1.00 LS 
1.00 LS 
LOO LS 
7,00 ACR 

2,380.00 EA 
7.00 ACR 
7,00 ACR 
8,00 ACR 
LOO LS 
1.00 LS 
1.00 LS 
LOO LS 
LOO LS 
LOO LS 
LOO LS 
LOO LS 
1.00 LS 
1.00 LS 
LOO LS 
LOO LS 
1.00 LS 
LOO LS 
8,00 ACR 

2, 720,00 F.A 
8.00 ACR 
8,00 ACR 
9,00 ACR 

ContractCost 
4,926,919 
1,802,936 
1,802,936 
8,040,864 

189,366 
133,044 
86,543 

8,259 
38,243 
18,570 
6,561 

12,009 
18,570 
6,561 

12,009 
19,182 
5,203 

13,980 
5,748,073 
5,748,073 
2,103,426 
2,103,426 
9,162,507 

189,366 
133,044 
86,543 

8,259 
38,243 
18,570 
6,561 

12,009 
18,570 
6,561 

12,009 
19,182 
5,203 

13,980 
(>,569,226 
6,569,226 
2,403,915 
2,403,915 

10,284,149 

nne 12;01:01 
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Escalation 
461,424 

0 
0 

538,328 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

538,328 
538,328 

0 
0 

615,232 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

615,232 
615,232 

0 
0 

692,136 

Contingency 
1,069,141 

391,237 
391,237 

1,744,868 
41,092 
28,871 
18,780 

1,792 
8,299 
4,030 
1,424 
2,606 
4,030 
1,424 
2,606 
4,163 
1,129 
3,034 

1,247,332 
1,247,332 

456,443 
456,443 

1,988,264 
41,092 
28,871 
18,780 
1,792 
8,299 
4,030 
1,424 
2,606 
4,030 
1,424 
2,606 
4,163 
1,129 
3,034 

1,425,522 
1,425,522 

521,650 
521,650 

2,231,660 

ProjectCost 
7,368,965 
2,527,717 
2,527,717 

11,811,619 
265,491 
186,528 
121,333 

11,579 
53,617 
26,035 

9,198 
16,836 
26,035 

9,198 
16,836 
26,894 

7,294 
19,599 

8,597,125 
8,597,125 
2,949,003 
2,949,003 

13,461,066 
265,491 
186,528 
121,333 

11,579 
53,617 
26,035 

9,198 
16,836 
26,035 

9,198 
16,836 
26,894 

7,294 
19,599 

9,825,286 
9,825,286 
3,370,289 
3,370,289 

15,110,513 
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Description Quantity liOM ContractCost Escalation Contingency ProjectCost M2 1 Ml._l Mobilization/Demobilization 1.00 LS 189,366 0 41,092 265,491 M2 1M 1 ~) l Mobilization, Demob & Prep Work 1.00 LS 133,044 0 28,871 186,528 M2 IMI_) I J Mobilization and Demobilization 1.00 LS 86,543 0 18,780 121,333 M2 lMl_l I 3 Crane for Loading Materials 
1.00 LS 8,259 0 1,792 11,579 M2 I MI_I I 4 Offshore Mooring Piles 1.00 I.S 38,243 0 8,299 53,617 M2 JMI_l 2 Preconstruction Survey 
1.00 LS 18,570 0 4,030 26,035 !\12 I !\11_1 2 I Reef Hydro Surveys 
1.00 LS 6,561 0 1,424 9,198 M2 1M l_J 2 2 Reef Diving· Surveys 
1.00 LS 12,009 0 2,6116 16,836 !\12 lMl_l 3 Final Construction Survey 
1.00 LS 18,570 0 4,030 26,035 M2 1 M l .. ~ 1 3 I Reef Construction Areas 
1.00 LS 6,561 0 1,424 9,198 M2 IMI~I 3 2 Reef Diving Surveys 
1.00 LS 12,009 0 2,606 16,836 M2 l M 1 .J 4 Associated General Items 
1.00 LS 19,182 0 4,163 26,894 M2 1MI~I 41 Purchase Buoys 
1.00 LS 5.203 0 1,129 7,294 M2 IMI_I 4 21nstalland Maintain Buoys 
1.00 LS 13,980 0 3,034 19,599 M2 JM1~21 .. rovide Articulated Concrete Mattresses 
9.00 ACR 7,390,379 692,136 1,603,712 11,053,447 M2 1Ml~2 1 ArHculated Concrete Mattresses (8txl6'xl2 11 ) 3,060.00 EA 7,390,379 692,136 1,603,712 11,053,447 Place Articulated (:one rete Mattresses 
9.00 ACR 2,704,404 0 586,856 3,791,575 M2 JMI_3 Articulated Concrete Mattress Placement 9.00 ACR 2,704,404 0 586,856 3,791,575 

Lahor c>NatF!J E() ID: l:Pli6R08 
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Project Notes Page iv 

BREVARD COUNTY SHORE PROTECTION PROJECT, MID-REACH, INITIAL PLAN ALTERNATIVES PLUS PRELIMINARY OFFSHORE MITIGATION REEF 
ALTERNATIVES 

REFERENCES. 

I. CESAJ-EN-HC Email of 21 June 2005 requesting cost estimates for the initial plan alternatives. This included a technical report providing thescope of work and quantities of work 
for each initial plan alternative. 

2. CESAJ-EN-HC Email of 12 September 2005 providing additional cost information for the Dune Fill constmction obtained from the Local Sponsor. 

3. CESAJ-EN-HC Email of26 September 2005 providing the scope of work and technical data for the stone revetment plan alternative. The revetment design has been reviewed with 
CESAJ-EN-G prior to being used in the cost estimate. 

*- CESAJ-EN-HC Email of3 November 2005 providing design requirements forthe initial Offshore Reef Mitigation Alternatives. This included a technical report providing the scope 
of work and quantities of work for each alternative. 

**-Updated all constmction costs to current FY06 price levels by escalation using the Civil Works Constmction Cost Index System (CWCCIS). 

***- CESAJ-PD-PN Email of 6 January 2006 indicating a possible error on a unit cost on Alternative 2- Truck Hauling, 20-Foot MHW Beach Fill, Reach 

****· CESAJ-EN-WC Email of 16 October 2006 providing the 2nd revised scope of work and design requirements for the Truck Haul Alternatives (previous 5-CY/LF Dune Fill and 
20-FT Beach Fill alternatives). Offshore borrow material will now be stock piled in the existing Port Canaveral Poseidon upland disposal site, then be truck hauled to the Mid Reach 
beach placement areas. Also, updated all current ORR Alternatives to fY07 price levels at this time. The quantites were also revised for the 5-CY/LF Dune File and 20-foot Beach 
Fille alternatives (Truck Haul and Dredging). 

4. The problem with the original cost was a quantity error entered on one of the work items which has now been corrected in this MCACES. 

Corrected error in the previous MCACES for the truck delivered dredgepipeline cost under Mobilization/Demobilization on the 20, 40, 100, and 160 foot beach fill alternatives. 

5. Demolition and relocation alternative was chosen as a possible project mitigation effort. This alternative is very progressive and unusual for a government project but may have a 
more pem1enant benefit in spite of its initial cost. 
Of the six reaches, forty-two structures were chosen as candidates for demolition. The criteria for them being chosen was developed by Planning lead, Candida Bronson. Based on their 
distances to the mean water height and consisting of three stories or less. 

SCOPE OF WORK: 

Project Description- Brevard County SPP Mid Reach is 7.6 miles in length and is bounded by Patrick Air Force Base to the north and the previously constructed South Reach fill area 
to the south. The Mid Reach is divided into sub-reaches (1-6) that extend from south to north within the project area (seeattached map, Figure 1.). 

The borrow site for the hydraulic fill altemativcs is Canaveral Shoals II, which is located approximately 20 miles north-northeast of the Mid Reach. This borrow site has been used 
previously for construction and renourishment of the North and South Reaches. 

Current Beach Fi ll and Borrow Area Surveys: See attached borrow area map of Canaveral Shoals II (Canaveral Shoals II Plan Sheet.pdt). 

Labor 10: LB04NatfD EQ ID: EP05R03 Currency in US dollars TRACES Mil Version 2.2 



Print Date Tue I 7 October 2006 
Eff. Date I 0/16/2006 

Date Author Note 

U.S. Army Corps of Engineers Time 13:07:29 
Project BBf703: Brevard County Shore Protection Project Mid-Reach 

COE Standard Repot1 Selections Project Notes Page v 

Beach Fill Volumes: Table I summarizes the various nourishment altematives. The limits and lengths of each reach are included along with the distance from the mid-point of each 
reach to the center of the borrow site. 

Altematives include a dune fill of 5 cubic yards per foot. The beach replenishments extend the mean high water (MHW) line 20,40,100, and 160-feet. All volumes are in cubic yards. 
Dune fill is required to be constructed with truck-hauled fill from an upland source. 

The +20 MHW beach fill can be accomplished with either truck haul or hydraulic fill, whichever is more economical. 

The +40, +I 00, and+ 160 MHW alternatives arc to be constructed with traditional hydraulic construction methods. Dredge equipment shall include a hopper dredge and direct pump
out to the beach fill area. 

Table I. Dune and Beach Fill Quantities (Sec Backup) 

Fill Profiles- The dune fill has a crest height of+ 15-feet NGVD and a sides lope of I :3; crest width will vary to accommodate the 5 cylfi density throughout each reach (see Figure 2). 

The beach fill template will be similar or identical to the previously constructed South Reach construction template. The bem1 will have a flat section at an elevation of +9.6 feet 
NGVD and a slightly sloping section at I :67 until the berm break at elevation +8.1. The foreshore will have a slope of I: 15 until intersection with the existing bottom (see detail in 
Figure 3). 

Borrow Area Limits- Canaveral Shoals II is approximately 6000 x 6500 ft, see attached borrow site map for comer coordinates. Distances from the borrow site to the project are I istcd 
in Table I for each sub reach. Contractor will enlarge previously dredged area which lies at a depth of approximately 36 ft. 

Allowable depth is 46.1 MLW. 

Bank height will be 6 to 8 ft. 

Borrow Material Characteristics- The Borrow Area contains sand that consists primarily of poorly graded, slightly silty, fine to medium grained sands, with trace to some sand sized 
carbonate shell and shell fragments. Occasional gravel sized shell fragments as indicated in the laboratory data should beexpected. The borrow area has an approximate mean grain 
size of0.30 mm(1.75 phi) and a standard deviation of 1.03 phi. 

Pipeline access, designated routes, casements, and offshore corridors. There are no designated routes or casements. 

Other associated project requirements- Beach tilling will be necessary for hydraulically placed fill. Tilling acreage is detailed in Table 2. (SeeBackup) 

Estimate Assumptions: 

l. The dredging costs were computed using the Cost Engineering Dredge Estimating Program (CEDEP) in accordance with ER Ill 0-2-1302. 

2. The dredging will be accomplished using a Medium size hopper dredge with direct pumpout capability. Production used in CEDEP to compute the dredging unit cost was based on 
the previous contract administered on this project which utilized the same size and type of equipment performing similar work asthis project. 

****-All the beach fill alternatives using the Medium hopper dredge have been revised to effective FY07 cost levels using the current version ofCEDEP which includes the latest 
labor and equipment costs. Escalation has therefore been removed on the beach fill alternatives. 
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3. The narrow bern1 width alternative (20' ) dredging included an adjustment to the pumpout production to account for a slower placement rate in CEDEP. 

4. Endangered Species and Turbidity Monitoring costs are included in the dredging unit cost computed in CEDEP. 

5. The cost per ton for the stockpiled sand used for the dune fill construction material (sand) used in the estimate was provided by the Local Sponsor via CESAJ-EN-HC. 

6. The demolition and relocation alternative estimate assumed the loading rate of debris was 90 CY/hr and demolition rate of stntctures was 70 CY lhr because of access to parcels and 
based on professional experience. Loading times neglected hauling time. That time is found in another part of the alternative. 

**** -The revised Tntck Haul Alternatives include the cost for restoring the existing Poseidon DMMA, including two repairs to the existing dike, dressing and restoring the remaining 
dikes, and the construction of an Access Road Ramp for future dumptntck access to the stockpiled sand for transfer to the Mid-Reach beach filllimts. This work will be accomplished 
by a Small Business General Contractor. 

Estimate Parameters: 

I. The beach fill work will be accomplished by a large dredging contractor (AA) that owns and operates the type of dredging equipment assumed in the estimate. Assumed 10 percent 
field overhead, 6.5 percent G&A, 10 percent profit, and 1.5 percent bonds on AA. 

2. The dune fill work-truck hauling and shore revetment work will be accomplished by a small marine construction contractor (SB) due to the smaller magnitude of construction and 
less specialized equipment requirements that is available to small constntction business. Assumed 8 percent field overhead,4.0 percent G&A, I 0 percent profit and 1.5 percent bonds on 
SB. 

*-The offshore mitigation reef construction will be accomplished by a General Marine Constntction contractor (BW) due to the requirement for offshore placement operations using 
US Coast Guard Certified marine plant. 

3. Used I 5 percent contingency appropriate for the level of project design. There is very current contract pricing and production data avai lable for this project perforn1ing beach fill 
work on the Northern and Southern Reaches that is the same or similar as the beach fill work being considered for the initial GRR plans for the Mid-Reach. 

4. Nonconstructon costs including PED, S&A, Lands and Damages, Monitoring and Mitigation included in the estimate as follows. 

PED- 10 percent as per CESAJ-EN-HC/J. Engle. 

S&A - 8.5 percent as per CESAJ-DP-C/0. Rodriquez. 

LERRD (Real Estate)- LS amounts provided by CESAJ-RE/L. Zediak. 

Monitoring - LS amounts provided by CESAJ-EN-HC/J. Engle. 

* Mitigation - Preliminary Offshore Mitigation Reef areas design provided by CESAJ-EN-HC/J. Engle 3 November 2005. 

5. All costs are in current dollar values and no escalation has been applied to the estimate. 

****-Applied escalation to the previous FY05 construction costs to all the alternatives other than the Hopper Dredge costs in order to bring them up to FY07 price levels using the 
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Civil Works Construction Cost Index System (CWCCIS) indexes for Feature Code 17 - Beach Replenishment. The Hopper Dredge cost were revised based on the latest CEDEP 
program database costs therefore no escalation is being applied. 

Estimated Construction Times: 

****-Revised Alternat ive I - 5 CYILF Dune Fill (Truck Haul) 

REACH-I = 30 days mob/dcmob + 45 days stockpile area preparations at Poseidon DMMA + 28 days construction = I 03 days* 
REACH-2 = II days construction 
REACI I-3 = 20 days construction 
REACH-4 = 18 days construction 
REACH-5 = 28 days construction 
REACH-6 = 23 days construction 
TOTAL = 203 calendar days** 

**** - Revised Alternative 2- 20' MHW Beach r-ill (Truck Haul) 

REACH-I = 30 days mob/dcmob + 45 days stockpile area preparations at Poseidon DMMA + 101 days construction = 176 days* 
REACH-2 = 31 days construction 
REACH-3 = 33 days construction 
REACH-4 = 44 days construction 
REACH-5 = 73 days construction 
IU:ACI 1-6 = 53 days construction 
TOTAL = 410 calendar days** 

**** - Revised Altemative 3 - 20' MHW Beach Fill (Hopper Dredge) 

REACH-I = 30 days mob/demob + 33 days construction = 63 days* 
REACH-2 = I I days construction 
REACH-3 = 20 days construction 
REACH-4 = 18 days construction 
REACH-5 = 2ll days construction 
REACH-6 = 22 days construction 
TOTAL = 162 calendar days ** 

Alternative 4 - 40' MHW Beach Fill (Hopper Dredge) 

REACH-I = 30 days mob/dcmob + 60 days construction = 90 days* 
REACH-2 = 19 days construction 
llliACI 1-3 = 26 days construction 
REACH-4 = 27 days construction 
REACI 1-5 = 46 days construc tion 
REACH-6 = 35 days construction 
TOTAL = 243 calendar days** 
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Alternative 5- 100' MHW Beach Fill (Hopper Dredge) 

REACH- I = 30 days mob/demob + 58 days construction = 88 days* 
REACH-2 = 25 days construction 
REACH-3 = 32 days construction 
REACH-4 = 33 days construction 
REACJ-l-5 = 56 days construction 
REACH-6 = 46 days construction 
TOTAL = 280 calendar days*** 

Alternative 6 - 160' MHW Beach Fill (Hopper Dredge) 

REAC H-I = 30 days mob/demob + I 02 days construction= 132 days* 
REACH-2 = 44 days constmction 
REACH-3 = 66 days construction 
REACH-4 = 59 days construction 
REACH-5 = 104 days construction 
REACJ-1-6 = 92 days construction 
TOTAL = 497 calendar days *** 

Alternative 7- Stone Revetment 

REACH-I = 30 days mob/demob + 170 days constmction = 200 days 
REACI-I-2 = 65 days constmction 
REACJ-1-3 = 119 days constmction 
REACI-I-4 = 107 days construction 
REACI-I-5 = 172 days constmction 
REACH-6 = 137 days construction 
TOTAL = 800 calendar days **** 

Offshore Mitigation Reef Alternatives 

I ACRE= 30 days mob/demob + 60 days construction= 90 days 
2 ACRES = 30 days mob/demob + 120 days construction = 150 days 
5 ACRES = 30 days mob/demob + 300 days construction = 330 days 
10 ACRES = 30 days mob/demob + 600 days construction= 630 days**** 
15 ACRES = 30 days mob/demob + 900 days constmction = 930 days **** 

Demolition and relocation Alternatives 

REACH-I= 37 days demolition+load = 37 days 
REACJ-1-2= 19 days demolition+ load = 19 days 
REACH-3= 30 days demolition+load = 30 days 
REACI-I-4= 23 days demolition+ load = 23 days 
REACH-5= 55 days dcmolition+load = 55 days 
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RE.i\CH-6= 84 days demolition+load+7 mob/demob = 91 days 
TOTAL= 255 calendar days**** 

NOTES: 

COE Standard Report Selections 

*-II is assumed that the overallmob/dcmob cost is associated with REACH- I assumed as the first order of work under all alternatives. 

Time 13:07:29 
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**-This is based on a single contract and in the case of the dredge beach fill only one Medium Hopper dredge wi ll be performing the work. Based on the previous contracts on this 
project the contractor may usc more than one dredge thereby decreasing the construction time accordingly. The estimate assumes only one dredge for the smaller beach fill alternatives 
(20' and 40' ) in order to insure maximum contractor interest and competitive pricing on the actual construction contract. 

***- Due to the extensive duration oft he work under the larger beach fill alternatives ( I 00' and 160') it is assumed that two dredges will be used inorder to minimize the construction 
time. Even considering this it may become necessary to accomplish the work under mult iple contracts or phased over multiple contract years. 

**** -This is consecutive construction time using only one contract. The work could be accomplished in a phased construction approach using multiple concurrent contracts in order to 
shorten overall project completion of this altemative. 
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Description 

A1 5 CY/LF DUNE FILL ALTERNATIVE 
AI I Construction Cost 
At 117 Beach Replenishment 

AI 11701 REACH I: RJ19 - Rl09 
AI 1170101 Mobil, Demobil & Prep Work 
AI 117010101 Equipment Mob/Demobilization 

AI 117010102 Poseidon DMMA Pt·epartion Work 
01 Interior Clearing and Grubbing 

Light Clearing 

Heavy Clearing 
02 Dike Clearing and Grubbing 

Light Clearing 
03 Existing Dike Repairs 

Dike Area 1 

Dike Area 2 
04 Dress and Restore Existing Dikes 

Dress and Restore Existing Dikes 
05 Access Road Ramp 

Construct Access Road Ramp 

AI 1170113 Traffic Control 

A1 1 17011301 Traffic Control on Beach 

AI 1170114 Delivery of Sand to Stockpile 

AI 117011401 Hopper Dredge to Poseidon DMMA 
Al 1170115 Loading-Hauling Stockpiled Sand 
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1.00 LS 4,333,253 
1.00 LS 4,020,753 
1.00 LS 4,020,753 
1.00 LS 1,188,245 
1.00 LS 327,405 
1.00 LS 160,674 

/66.731.22 

1.00 EA 166,731 

1.00 LS 7,060 

162.54 

20.00 ACR 3,251 
253.96 

15.00 ACR 3,809 
1.00 LS 1,625 

162.54 

10.00 ACR 1,625 
1.00 LS 99,253 

6.85 

6,000.00 CY 41,070 

6.85 

8,500.00 CY 58,183 
1.00 LS 41,680 

1.39 

30,000.00 CY 41,680 
1.00 LS 17,113 

6.85 

2,500.00 CY 17,113 

1.00 LS 10,635 
379.81 

28.00 DAY 10,635 
1.00 LS 461,455 

-:1 . ''\. f'\ \/, \ ~-/ 9.61 

\>.vv 'v ( -4~v 461,455 

1.00 LS 282,944 

Currency in US dollars 

Time 13:07:29 

Project Cost Summary Report Page I 

Escalation Contingency ProjectCost C/0 

313,054 654,378 
313,054 654,378 
313,054 654,378 5,329,949 
92,516 193,387 ~v" 
25,492 53,285 , v-
12,510 26,150 

221.020.51 

12,982 27,136 221,021 
550 1,149 9,359 

215.46 

253 529 4,309 
336.66 

297 620 5,050 
127 265 2,155 

215.46 

127 265 2,155 
7,728 16,153 131,571 

9.07 

3,198 6,684 54,443 
9.07 

4,530 9,469 77,128 
3,245 6,783 55,252 

/ .84 

3,245 6,783 55,252 
1,332 2,785 22,685 

9.07 

1,332 2,785 22,685 

828 1,731 14,097 
503.47 

828 1,731 14,097 
35,929 75,102 611,710 

12.74 

35,929 75,102 611,710 

22,030 46,049 375,073 
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589 7.81 

AI 117011501 Loading and Hauling 48,000.00 CY 282,944 22,030 46,049 375,073 
AI I I 701 I 6 Spreading & Grading Sand 1.00 LS 91,955 7,160 14,966 121,896 

1.92 2.54 

AI 117011601 Spreading & Grading Sand 48,000.00 CY 91,955 7,160 14,966 121,896 
AI 1170199 Associated General Items 1.00 LS 13,85I 1,078 2,254 18,362 

494.70 655.77 

AI 11701990 I Endangered Species Monitoring 28.00 DAY 13,851 1,078 2,254 

~ AI I 1702 REACH 2: R109- RI05.5 1.00 LS 303,382 23,621 49,375 v 
AI 1170213 Traffic Control 1.00 LS 4,178 325 680 5,538 

379.81 503.47 

AI 117021301 Traffic Control on Beach 11.00 DAY 4,178 325 680 5,538 

AI 1170214 Delivery of Sand to Stockpile 1.00 LS 160,986 I2,534 26,200 213,405 

/ 9.47 12.55 

AI 11702140 I Hopper Dredge to Poseidon DMMA I7,000.00 CY I60,986 12,534 26,200 213,405 

AI II702I5 Loading-Hauling Stockpiled Sand 1.00 LS 100,209 7,802 16,309 132,838 

5.89 7.8/ 

AI 117021501 Loading and Hauling I7,000.00 CY 100,209 7,802 I6,309 132,838 

Al 11702 I 6 Spreading & Grading Sand 1.00 LS 32,567 2,536 5,300 43,171 

1.92 2.54 

AI I 1702I601 Spreading & Grading Sand 17,000.00 CY 32,567 2,536 5,300 43,I71 

AI 1170299 Associated General Items 1.00 LS 5,442 424 886 7,214 

494.70 655.77 

AI 117029901 Endangered Species lVIonitoring 11.00 DAY 5,442 424 886 

~v/ AI 11703 REACH 3: Rl 05.5 - R99 1.00 LS 573,803 44,676 93,387 

AI 1 I 70313 Traffic Control 1.00 LS 7,596 591 1,236 I0,069 

379.8/ 503.47 

AI 117031301 Traffic Control on Beach 20.00 DAY 7,596 59 I 1,236 10,069 

AI 1170314 Delivery of Sand to Stockpile 1.00 LS 306,381 23,855 49,864 406,142 

32,000.00 CY / 

9.57 12.69 

AJ I I 703 I 40 I Delivery of Sand to Stockpile 306,38I 23,855 49,864 406,142 

AI I1703 I 5 Loading-Hauling Stockpiled Sand 1.00 LS 188,629 14,687 30,699 250,049 

5.89 7.81 

Al I I703I501 Loading and Hauling 32,000.00 CY 188,629 14,687 30,699 250,049 

AI I 170316 Spreading & Grading Sand 1.00 LS 61 ,303 4,773 9,977 8I,264 
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1.92 2.54 

AI 11703 1601 Spreading & Grading Sand 32,000.00 CY 61 ,303 4,773 9,977 81,264 

AI I I 70399 Associated General Items 1.00 LS 9,894 770 1,610 13,115 

494.70 

AI 11703990 I Endangered Species Monitoring 20.00 DAY 9,894 770 1,610 

AI 11704 REACH 4: R99- R93 1.00 LS 503,614 39,211 81,963 U§i,5~v 
At 1170413 Traffic Control 1.00 LS 6,836 532 I, ll 3 9,063 

379.8/ 503.47 

AI ll704I301 Traffi c Control on Beach 18.00 DAY 6,836 532 l , II 3 9,063 

AI 11704I4 Delivery of Sand to Stockpile 1.00 LS 269,182 20,958 43,809 356,831 

9.61 12. 74 

AI 11704140I Hopper Dredge to Poseidon DMMA 28,000.00 CY L./ 269,182 20,958 43,809 356,83 1 

AI 1170415 Loading-Hauling Stockpiled Sand I.OO LS 165,051 12,851 26,862 218,793 

5.89 7.81 

Al 117041501 Loading and Hauling 28,000.00 CY 165,051 I2,851 26,862 218,793 

AI 11 70416 Spreading & Grading Sand 1.00 LS 53,640 4,176 8,730 7I,l06 

1.92 2.54 

At 117041601 Spreading & Grading Sand 28,000.00 CY 53,640 4,176 8,730 71,106 

AI 1170499 Associated General Items 1.00 LS 8,905 693 1,449 11,804 

494.70 655.77 

Al I1 7049901 Endangered Species Monitoring 18.00 DAY 8,905 693 1,449 11804 

AI 11705 REACH 5: R93 - R83 1.00 LS 806,213 62,771 I3 1 ,211 ~ 
A1 1170513 Traffic Control 1.00 LS 10,635 828 1,73 I 14,097 

379.81 503.47 

Al 11705130 I Traffic Control on Beach 28.00 DAY 10,635 828 1,731 14,097 

A t 1170514 Delivery of Sand to Stockpile 1.00 LS 430,260 33,500 70,025 570,357 

~ 
9.56 12.67 

AI 117051401 Hopper Dredge to Poseidon DMMA 45,000.00 CY 430,260 33,500 70,025 570,357 

AI 1170515 Loading-Hauling Stockpiled Sand 1.00 LS 265,260 20,653 43,17 1 351,631 

5.89 7.81 

A1 11705I501 Loading and Hauling 45,000.00 CY 265,260 20,653 43,17I 351,631 

AI 1I70516 Spreading & G rading Sand 1.00 LS 86,207 6,7 12 14,030 114,277 

1.92 2.54 

A1 1 I705160 1 Spreading & Grading Sand 45,000.00 CY 86,207 6,712 I4,030 114,277 

At 1170599 Associated General It ems 1.00 LS 13,851 1,078 2,254 I8,362 
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Description Quantity UOM ContractCost Escalation Contingency ProjectCost CIO 
494.70 

AI 11705990 I Endangered Species Monitoring 28.00 DAY l3,85I 1,078 2,254 

AI 11706 REAC H 6: R83- R75.4 1.00 LS 645,495 50,258 105,054 ~v-
AI 11 7061 3 Trame Control 1.00 LS 8,736 680 1,422 11,580 

379.81 503.47 

AI 117061301 Traffic Control on Beach 23.00 DAY 8,736 680 1,422 11,580 

AI 1170614 Delivery of Sand to Stockpile 1.00 LS 344,208 26,800 56,020 456,285 

36,000.00 CY / 
9.56 12.67 

AI 11706I401 Hopper Dredge to Poseidon DMMA 344,208 26,800 56,020 456,285 

AI 117061 5 Loading-Hauling Stockpi led Sand 1.00 LS 212,108 16,522 34,537 281 ,305 

5.89 7.81 

AI 117061501 Loading and Hauling 36,000.00 CY 212,208 16,522 34,537 281,305 

AI 117061 6 Spreading & Grading Sand 1.00 LS 68,966 5,370 11 ,224 91,422 

1.92 2.54 

Al 11 7061601 Spreading & G rading Sand 36,000.00 CY 68,966 5,370 II,224 9I,422 

AI 1170699 Associated General Items 1.00 LS 11,378 886 1,852 15,083 

494.70 655.77 

AI 11706990 I Endangered Species Monitoring 23.00 DAY 11,378 886 1,852 15,083 

AI 2 Non-Construction Cost 1.00 LS 312,500 0 0 312,500 

AI 201 Lands and Damages I.OO LS 10,000 0 0 10,000 

AI 201 I Lands and Damages 1.00 LS 10,000 0 0 IO,OOO 

A I 230 Planning, Engineering & Design 1.00 LS I88,000 0 0 I88,000 

A l 230 I Engin eering & Design 1.00 LS 188,000 0 0 188,000 

A1 230 I 1 Surveys 1.00 LS I5,000 0 0 15,000 

AI 230 I 2 Specifications 1.00 LS 40,000 0 0 40,000 

AI 230 1 3 Design (L&W Section) 1.00 LS 80,000 0 0 80,000 

At 230 I 4 Design (Structures Section) 1.00 LS 8,000 0 0 8,000 

AI 230 I 5 Gcotech 1.00 LS 15,000 0 0 15,000 

AI 230 I 6 EN (Coastal Design) I.OO LS 15,000 0 0 15,000 

A I 230 I 7 Cost Engineering 1.00 LS I5,000 0 0 15,000 

Al 299 Project Monitoring 1.00 LS 114,500 0 0 114,500 

AI 299 1 Beach Proftle Survey 1.00 LS 114,500 0 0 114,500 

1.500.00 1.500.00 

AI 299 I I Survey Lines 43.00 EA 64,500 0 0 64,500 

50.000.00 50.000.00 
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Description Quantity UOM ContractCost Escalation Contingency ProjcctCost C/0 
A1 299 1 2 Aerial Survey 1.00 EA 50,000 0 0 50,000 

A2 20FT FILL ALTERNATIVE-TRUCK HAUL 1.00 LS 11,220,068 849,648 1,776,020 14,773,305 
A2 1 Construction Cost 1.00 LS 10,912,568 849,648 1,776,020 14,465,805 
A2 117 Beach Replenishment 1.00 LS 10,912,568 849,648 1,776,020 14,465,805 
A2 11701 REACH 1: Rll9- R109 1.00 LS 2,820,247 219,583 458,995 3,738,546 
A2 1170101 Mobil, Demobil & Prep Work 1.00 LS 327,405 25,492 53,285 434,012 
A2 117010101 Equipment Mob/Demobilization 1.00 LS 160,674 12,510 26,150 212,991 

166.731.22 22 /.()20.51 

A2 117010102 Poseidon DMMA Prcpartion Work 1.00 EA 166,731 12,982 27,136 221,021 
01 Interior Clearing and Grubbing 1.00 LS 7,060 550 1,149 9,359 

162.54 215.46 

Light Clearing 20.00 ACR 3,251 253 529 4,309 

253.96 336.66 

Heavy Clearing 15.00 ACR 3,809 297 620 5,050 

02 Dike C learing and Grubbing 1.00 LS 1,625 127 265 2,155 

162.54 215.46 

Light Clearing 10.00 ACR 1,625 127 265 2,155 

03 Existing Dike Repairs 1.00 LS 99,253 7,728 16,153 131,571 

6.85 9.07 

Dike Area I 6,000.00 CY 41 ,070 3,198 6,684 54,443 

6.85 9.07 

Dike Area 2 8,500.00 CY 58,183 4,530 9,469 77,128 

04 Dress and Restore Existing Dikes l.OO LS 41,680 3,245 6,783 55,252 

1.39 1.84 

Dress and Restore Existing Dikes 30,000.00 CY 41,680 3,245 6,783 55,252 

05 Access Road Ramp 1.00 LS 17,113 1,332 2,785 22,685 

6.85 9.07 

Construct Access Road Ramp 2,500.00 CY 17,113 1,332 2,785 22,685 

A2 1170113 Traffic Control 1.00 LS 38,360 2,987 6,243 50,851 

379.81 503.47 

A2 117011301 Traffic Control on Beach 101.00 DAY 38,360 2,987 6,243 50,851 

A2 1170114 Delivery of Sand to Stockpile 1.00 LS 1,326,684 103,295 215,918 1,758,665 

9.61 12. 74 

A2 117011401 Hopper Dredge to Poseidon DMMA 138,000.00 CY 1,326,684 103,295 215,918 1,758,665 

A2 1170115 Loading-Hauling Stockpiled Sand 1.00 LS 813,464 63,336 132,391 1,078,335 
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5.89 7.81 

A2 1170JISO I Loading and Hauling 138,000.00 CY 813,464 63,336 132,391 1,078,335 

A2 1170116 Spreading & Grading Sand 1.00 LS 264,369 20,584 43,026 350,450 

1.92 2.54 

A2 117011601 Spreading & Grading Sand 138,000.00 CY 264,369 20,584 43,026 350,450 

A2 1170199 Associated General Items 1.00 LS 49,964 3,890 8,132 66,233 

494.70 655.77 

A2 117019901 Endangered Species Monitoring 101.00 OA Y 49,964 3,890 8, 132 66,233 

A2 11702 REAC H 2: R109- RIOS.S 1.00 LS 873,837 68,037 142,2 17 1,158,367 

A2 ll70213 Traffic Control 1.00 LS 11,774 917 1,916 15,608 

379.81 503.47 

A2 11702130 I Traflic Control on Beach 31.00 DAY 11,774 917 1,916 15,608 

A2 1170214 Delivery of Sand to Stockpile 1.00 LS 464,019 36,128 75,519 615,108 

9.47 12.55 

A2 11 7021401 Hopper Dredge to Poseidon DMMA 49,000.00 CY 464,019 36,128 75,519 615,108 

A2 I I702I 5 Loading-Hauling Stockpi led Sand 1.00 LS 288,839 22,489 47,008 382,887 

5.89 7.81 

A2 117021501 Loading and Hauling 49,000.00 CY 288,839 22,489 47,008 382,887 

A2 li 70216 Spreading & Grading Sand 1.00 LS 93,870 7,309 15,277 124,435 

1.92 2.54 

A2 11702160 1 Spreading & G rading Sand 49,000.00 CY 93,870 7,309 15,277 124,435 

A2 1 170299 Associated General Items 1.00 LS 15,336 1,194 2,496 20,329 

494.70 655.77 

A2 11 702990 I Endangered Species Monitoring 31.00 DAY 15,336 1, 194 2,496 20,329 

A2 11703 REACH 3: RI05.5 - R99 1.00 LS 1,593,490 124,069 259,341 2,112,346 

A2 1170313 Traffic Control 1.00 LS 12,534 976 2,040 16,615 

379.81 503.47 

A2 117031301 Traffic Control on Beach 33.00 DAY 12,534 976 2,040 16,615 

A2 1 170314 Delivery of Sand to Stockpile 1.00 LS 861,697 67,091 140,241 1,142,274 

9.57 12.69 

A2 11703140 1 Hopper Dredge to Poseidon DMMA 90,000.00 CY 86 I,697 67,091 140,241 1,142,274 

A2 11703 I 5 Loading-Hauling Stockpiled Sand 1.00 LS 530,520 41,306 86,342 703,262 

5.89 7.81 

A2 ll7031 50 I Loading and Hauling 90,000.00 CY 530,520 41 ,306 86,342 703,262 

A2 11703 16 Spreading & Grading Sand 1.00 LS 172,415 13,424 28,061 228,555 

Labor ID: LB04NatFD EQ JD: EP05R03 Currency in US dollars TRACES Mil Version 2.2 
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1.92 2.54 

A2 117031601 Spreading & Grading Sand 90,000.00 CY 172,415 13,424 28,061 228,555 

A2 1170399 Associated Genet-a! Hems 1.00 LS 16,325 1,271 2,657 21,641 

494.70 655.77 

A2 117039901 Endangered Species Monitoring 33.00 DAY 16,325 1,271 2,657 21,641 

A2 11704 REACH 4: R99- R93 1.00 LS 1,449,825 112,883 235,959 1,921,902 

A2 ll70413 Traffic Control 1.00 LS 16,711 1,301 2,720 22,153 

379.81 503.47 

A2 117041301 Traffic Control on Beach 44.00 DAY 16,711 1,301 2,720 22,153 

A2 1170414 Delivery of Sand to Stockpile 1.00 LS 778,706 60,630 126,734 1,032,260 

9.61 12.74 

A2 11704140 I Hopper Dredge to Poseidon DlVIMA 81,000.00 CY 778,706 60,630 126,734 1,032,260 

A2 1170415 Loading-Hauling Stockpiled Sand 1.00 LS 477,468 37,175 77,708 632,936 

5.89 7.81 

A2 117041501 Loading and Hauling 81,000.00 CY 477,468 37,175 77,708 632,936 

A2 1170416 Spreading & Grading Sand 1.00 LS 155,173 12,082 25,254 205,699 

1.92 2.54 

A2 117041601 Spreading & Grading Sand 81,000.00 CY 155,173 12,082 25,254 205,699 

A2 1170499 Associated General Items 1.00 LS 21,767 1,695 3,543 28,854 

494.70 655.77 

A2 117049901 Endangered Species Monitoring 44.00 DAY 21,767 1,695 3,543 28,854 

A2 11705 REACH 5: R93- R83 1.00 LS 2,322,162 180,803 377,932 3,078,280 

A2 1170513 Traffic Control 1.00 LS 27,726 2,159 4,512 36,754 

379.81 503.47 

A2 117051301 Traffic Control on Beach 73.00 DAY 27,726 2,159 4,512 36,754 

A2 1170514 Delivery of Sand to Stockpile 1.00 LS 1,242,973 96,777 202,294 1,647,697 

9.56 12.67 

A2 117051401 Hop1>er Dredge to Poseidon DMMA 130,000.00 CY 1,242,973 96,777 202,294 1,647,697 

A2 1170515 Loading-Hauling Stockpiled Sand 1.00 LS 766,306 59,664 124,716 1,015,823 

5.89 7.81 

A2 117051501 Loading and Hauling 130,000.00 CY 766,306 59,664 124,716 1,015,823 

A2 1170516 Spreading & Grading Sand 1.00 LS 249,044 19,390 40,532 330,135 

1.92 2.54 

A2 117051601 Spreading & Grading Sand 130,000.00 CY 249,044 19,390 40,532 330,135 

A2 1170599 Associated General Items 1.00 LS 36,113 2,812 5,877 47,871 

Labor ID: LB04NatFD EQ ID: EP05R03 Currency in US dollars TRACES Mil Version 2.2 
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494.70 655.77 

A2 I 17059901 Endangered Species Monitoring 73.00 DAY 36,113 2,812 5,877 47,871 
A2 11706 REACH 6: R83 - R75.4 1.00 LS 1,853,007 144,274 301,577 2,456,364 
A2 1170613 Traffic Control 1.00 LS 20,130 1,567 3,276 26,684 

379.81 503.47 

A2 117061301 Traffic Control on Beach 53.00 DAY 20,130 1,567 3,276 26,684 

A2 1170614 Delivery of Sand to Stockpile 1.00 LS 994,379 77,422 161,835 1,318,158 

9.56 12.67 

A2 117061401 Hopper Dredge to Poseidon DMMA I 04,000.00 CY 994,379 77,422 161,835 1,318,158 

A2 1170615 Loading-Hauling Stockpiled Sand 1.00 LS 613,045 47,731 99,773 812,658 

5.89 7.81 

A2 117061501 Loading and Hauling I 04,000.00 CY 613,045 47,731 99,773 812,658 

A2 1170616 Spreading & Grading Sand 1.00 LS 199,235 15,512 32,425 264,108 

1.92 2.54 

A2 117061601 Spreading & Grading Sand 104,000.00 CY 199,235 15,512 32,425 264,108 

A2 1170699 Associated General Items 1.00 LS 26,219 2,041 4,267 34,756 

494.70 655.77 

A2 117069901 Endangered Species Monitoring 53.00 DAY 26,219 2,041 4,267 34,756 

A2 2 Non-Construction Cost 1.00 LS 307,500 0 0 307,500 

A2 201 Lands and Damages 1.00 LS 5,000 0 0 5,000 

A2 201 1 Lands and Damages 1.00 LS 5,000 0 0 5,000 

A2 230 Planning, Engineering & Design 1.00 LS 188,000 0 0 188,000 

A2 230 1 Engineering & Design 1.00 LS 188,000 0 0 188,000 

A2 230 1 1 Surveys 1.00 LS 15,000 0 0 15,000 

A2 230 1 2 Specifications 1.00 LS 40,000 0 0 40,000 

A2 230 13 Design (L&W Section) 1.00 LS 80,000 0 0 80,000 

A2 230 1 4 Design (Str·uctures Section) 1.00 LS 8,000 0 0 8,000 

A2 230 1 5 Geotech 1.00 LS 15,000 0 0 15,000 

A2 230 I 6 EN (Coastal Design) 1.00 LS 15,000 0 0 15,000 

A2 230 I 7 Cost Engineering 1.00 LS 15,000 0 0 15,000 

A2 299 Project Monitoring 1.00 LS 114,500 0 0 114,500 

A2 299 1 Beach Profile Sun'ey 1.00 LS 114,500 0 0 114,500 

1.500.00 1.500.00 

A2 299 I 1 Survey Lines 43.00 EA 64,500 0 0 64,500 

50.000.00 50.000.00 

Labor ID: LB04NatFD EQ 10: EP05R03 Currency in US dollars TRACES Mil Version 2.2 



Print Date Tue 17 October 2006 U.S. Army Corps of Engineers Time 13:07:29 
Eff. Date 10/16/2006 Project BBF703: Brevard County Shore Protection Project Mid-Reach 

COE Standard Rcpor1 Selections Project Cost Summary Report Page 9 

Description Quantity UOM ContractCost Escalation Contingency ProjectCost C/0 
A2 299 1 2 Aerial Survey 1.00 EA 50,000 0 0 50,000 

A3 20FT FILL ALTERNATIVE- DREDGE 1.00 LS 10,019,192 0 1,580,578 12,425,263 
A3 1 Construction Cost 1.00 LS 9,711,692 0 1,580,578 12,117,763 
A3 117 Beach Replenishment 1.00 LS 9,711,692 0 1,580,578 12,117,763 
A3 11701 REACH-I: R119- R109 1.00 LS 3,002,640 0 488,680 3,746,544 

A3 1170101 Mobil, Demobil & Prep Work 1.00 LS 883,678 0 143,819 1,102,609 

A3 117010101 Dredging, Mobil & Demobil 1.00 LS 622,078 0 101,243 776,198 

A3 I 17010102 Shore Equipment Mob/Demob 1.00 LS 130,798 0 21,287 163,203 

A6 117010199 Mobilization T rucked J>ipeline 1.00 LS 130,802 0 21,288 163,208 

15.34 /9.14 

A3 1170117 Hopper Dredging 138,000.00 CY 2,116,346 0 344,435 2,640,671 

12.99 16.21 

A3 117011701 +20 FOOT MHW BEACH FILL 138,000.00 CY 1,792,377 0 291,709 2,236,438 

2.35 2.93 

A3 117011702 SHORE EQUIPMENT FOR BEACH FILL 138,000.00 CY 323,969 0 52,726 404,233 

A3 1170199 Associated General Items 1.00 LS 2,616 0 426 3,264 

653.99 8/6.02 

A3 1170199 1 Beach T illing 4.00 EA 2,616 0 426 3,264 

A3 11702 REACH-2: R109- R105.5 1.00 LS 863,354 0 140,511 1,077,250 

17.59 21.95 

A3 1170217 Hopper Dredging 49,000.00 CY 862,046 0 140,298 1,075,618 

15.25 19.02 

A3 117021701 +20 FOOT MHW BE ACH FILL 49,000.00 CY 747,013 0 121,576 932,086 

2.35 2.93 

A3 117021702 SHORE EQU IPMENT FOR BEACH FILL 49,000.00 CY 115,033 0 18,722 143,532 

A3 1170299 Associated General Items 1.00 LS 1,308 0 213 1,632 

653.99 816.02 

A3 1170299 1 Beach Tilling 2.00 EA 1,308 0 213 1,632 

A3 11703 REACH-3: R105.5 - R99 1.00 LS 1,352,758 0 220,161 1,687,904 

15.01 /8.73 

A3 1170317 Ho1>per Dredging 90,000.00 CY 1,350,796 0 219,842 1,685,456 

12.66 15.80 

A3 117031701 +20 FOOT MfJ'W BEACH FILL 90,000.00 CY 1,139,512 0 185,456 1,421,826 

2.35 2.93 

A3 117031702 SHORE EQUIPMENT FOR BEACH FILL 90,000.00 CY 211,284 0 34,387 263,630 

Labor ID: LB04NatFD EQ ID: EP05R03 Currency in US dollars TRACES Mil Version 2.2 
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A3 1170399 Associated General Hems 1.00 LS 1,962 0 319 2,448 

653.99 816.02 

A3 1170399 I Beach Tilling 3.00 EA 1,962 0 319 2,448 
A3 11704 REACH-4: R99 - R93 1.00 LS 1,182,716 0 192,487 1,475,734 

14.58 18.19 

A3 1170417 HopJler Dredging 81,000.00 CY 1,180,754 0 192,168 1,473,286 

12.23 15.26 

A3 117041701 +20 FOOT MHW BEACH FILL 81,000.00 CY 990,598 0 161 ,220 1,236,019 

2.35 2.93 

A3 117041702 SHORE EQUIPMENT FOR BEACH FILL 81,000.00 CY 190,156 0 30,948 237,267 

A3 1170499 Associated Genenll Items 1.00 LS 1,962 0 319 2,448 

653.99 8 /6.()2 

A3 1170499 1 Beach T illing 3.00 EA 1,962 0 319 2,448 

A3 11705 REACH-5: R93 - R83 1.00 LS 1,853,444 0 301,648 2,312,635 

14.24 17.76 

A3 1170517 Hopper Dredging 130,000.00 CY 1,850,828 0 301,222 2,309,371 

11.89 14.84 

A3 117051701 +20 FOOT MHW BEACH FILL 130,000.00 CY 1,545,640 0 251,553 1,928,572 

2.35 2.93 

A3 117051702 SHORE EQUIPMENT FOR BEACH FILL 130,000.00 CY 305,189 0 49,669 380,799 

A3 1170599 Associated General Items 1.00 LS 2,616 0 426 3,264 

653.99 8 / 6.02 

A3 1170599 1 Beach Tilling 4.00 EA 2,616 0 426 3,264 

A3 11706 REACH-6: R83 - R75.4 1.00 LS 1,456,779 0 237,091 1,817,696 

13.99 17.45 

A3 1170617 Hopper Dredging 104,000.00 CY 1,454,817 0 236,771 1,815,248 

11.64 14.53 

A3 117061701 +20 FOOT MHW BEACH FILL 104,000.00 CY 1,210,666 0 197,036 1,510,609 

2.35 2.93 

A3 117061702 SHORE EQUIPMENT FOR BEACH FILL 104,000.00 CY 244,151 0 39,736 304,639 

A3 1170699 Associated General ltcms 1.00 LS 1,962 0 319 2,448 

653.99 816.02 

A3 1170699 I Beach Tilling 3.00 EA 1,962 0 319 2,448 

A3 2 Non-Construction Cost 1.00 LS 307,500 0 0 307,500 

A3 201 Lands and Damages 1.00 LS 5,000 0 0 5,000 

Labor ID: LB04NatFD EQ ID: EP05R03 Currency in US dollars TRACES Mil Version 2.2 



Print Date Tue 17 October 2006 U.S. Army Corps of Engineers T ime 13:07:29 
Eff. Date 10/ 16/2006 Project BBF703: Brevard County Shore Protection Project Mid-Reach 

COE Standard Report Selections Project Cost Summary Report Page II 

Description Quantity UOM ContractCost Escalation Contingency ProjectCost C/0 
A3 201 1 Lands and Damages 1.00 LS 5,000 0 0 5,000 
A3 230 Planning, Engineering & Design 1.00 LS 188,000 0 0 188,000 
A3 230 1 Engineering & Design 1.00 LS 188,000 0 0 188,000 
A3 230 1 1 Surveys 1.00 LS 15,000 0 0 15,000 
A3 230 1 2 Specifications 1.00 LS 40,000 0 0 40,000 
A3 230 1 3 Design (L&W Section) 1.00 LS 80,000 0 0 80,000 
A3 130 1 4 Design (Structures Section) 1.00 LS 8,000 0 0 8,000 
A3 130 1 5 Geotech 1.00 LS 15,000 0 0 15,000 
A3 230 1 6 EN (Coastal Design) 1.00 LS 15,000 0 0 15,000 
A3 130 1 7 Cost Engineering 1.00 LS 15,000 0 0 15,000 

A3 299 Project Monitoring 1.00 LS 114,500 0 0 114,500 

A3 299 1 Beach Profile Survey 1.00 LS 114,500 0 0 114,500 

1.500.00 /,500.00 

A3 299 1 I Survey Lines 43.00 EA 64,500 0 0 64,500 

50.000.00 50.000.00 

A3 299 1 2 Aerial Survey 1.00 EA 50,000 0 0 50,000 

A4 40FT FILL ALTERNATIVE - DREDGE 1.00 LS 15,528,345 0 2,477,192 19,299,309 

A4 1 Construction Cost 1.00 LS 15,220,845 0 2,477,192 18,991,809 

A4 117 Beach Replenishment 1.00 LS 15,220,845 0 2,477,191 18,991,809 

A4 11701 REACH-I: Rll9 - R109 1.00 LS 5,080,831 0 826,905 6,339,607 

A4 1170101 Mobil, Demobil & Prep Work 1.00 LS 883,678 0 143,819 1,102,609 

A4 117010101 Dredging, Mobil & Demobil 1.00 LS 621,078 0 101,243 776,198 

A4 117010102 Shore Equipment Mob/Demob 1.00 LS 130,798 0 21,287 163,103 

A6 117010199 Mobilization Trucked Pipeline 1.00 LS 130,802 0 11,288 163,208 

14.86 18.55 

A4 1170117 Hopper Dredging 281,000.00 CY 4,191,912 0 682,235 5,230,470 

12.52 15.62 

A4 117011701 +40 FOOT MHW BEACH FILL 282,000.00 CY 3,529,897 0 574,491 4,404,429 

2.35 2.93 

A4 117011702 SHORE EQUIPMENT FOR BEACH FILL 282,000.00 CY 662,024 0 107,744 826,041 

A4 1170199 Associated General Items 1.00 LS 5,232 0 851 6,528 

653.99 816.02 

A4 1170199 l Beach Tilling 8.00 EA 5,232 0 851 6,528 

A4 11701 REACH-2: RI09- Rl05.5 1.00 LS 1,221,727 0 198,999 1,525,658 

14.71 /8.35 

Labor ID: LB04NatFD EQ ID: EP05R03 Currency in US dollars TRACES Mil Version 2.2 
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A4 1170217 Hopper Dredging 83,000.00 CY 1,220,765 0 198,680 1,523,210 

12.36 /5.42 

A4 117021701 +40 FOOT MHW BEACH FILL 83,000.00 CY 1,025,914 0 166,967 1,280,084 

2.35 2.93 

A4 117021702 SHORE EQUIPMENT FOR BEACH FILL 83,000.00 CY 194,851 0 31,712 243,126 
A4 1170299 Associated General Items 1.00 LS 1,962 0 319 2,448 

653.99 816.02 

A4 1170299 1 Beach Tilling 3.00 EA 1,962 0 319 2,448 

A4 11703 REACH-3: R105.5- R99 1.00 LS 1,711,688 0 278,577 2,135,759 

14.47 18.06 

A4 1170317 Hopper Dredging 118,000.00 CY 1,707,764 0 277,939 2,130,863 

12. 12 15.13 

A4 117031701 +40 FOOT MHW BEACH FILL 118,000.00 CY 1,430,747 0 232,854 1,785,214 
2.35 2.93 

A4 117031702 SHORE EQU IPMENT FOR BEACH FILL 118,000.00 CY 277,017 0 45,085 345,648 

A4 1170399 Associated General Items 1.00 LS 3,924 0 639 4,896 

653.99 816.02 

A4 1170399 I Beach Tilling 6.00 EA 3,924 0 639 4,896 

A4 11704 REACH-4: R99- R93 1.00 LS 1,801,420 0 293,181 2,247,722 

14.16 17.67 

A4 1170417 Hopper Dt·edging 127,000.00 CY 1,798,150 0 292,649 2,243,642 

11.8 1 14.74 

A4 117041701 +40 FOOT MHW BEACH FILL 127,000.00 CY 1,500,004 0 244,126 1,871,630 

2.35 2.93 

A4 117041702 SHORE EQUIPMENT FOR BEACH FILL 127,000.00 CY 298,146 0 48,523 372,011 

A4 1170499 Associated General Items 1.00 LS 3,270 0 532 4,080 

653.99 816.02 

A4 1170499 1 Beach Tilling 5.00 EA 3,270 0 532 4,080 

A4 11705 REACH-5: R93 - R83 1.00 LS 3,070,702 0 499,757 3,831,469 

13.87 17.31 

A4 1170517 Hopper Dredging 221,000.00 CY 3,065,470 0 498,905 3,824,940 

11.52 14.38 

A4 117051701 +40 FOOT MHW BEACH FILL 221,000.00 CY 2,546,650 0 414,467 3,177,582 

2.35 2.93 

A4 117051702 SHORE EQUIPMENT FOR BEACH FILL 221,000.00 CY 518,821 0 84,438 647,358 

Labor ID: LB04NatFD EQ ID: EP05R03 Currency in US dollars TRACES Mil Version 2.2 
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A4 1170S99 Associated General Items 1.00 LS S,232 0 8S1 6,S28 

653.99 816.02 

A4 1170S99 I Beach Tilling 8.00 EA 5,232 0 8SJ 6,S28 

A4 11706 REAC H-6: R83 - R7S.4 1.00 LS 2,333,477 0 379,773 2,911,595 

13.54 16.90 

A4 1170617 Hopper Dredging 172,000.00 CY 2,329,S53 0 379,135 2,906,699 

11.20 13.97 

A4 117061701 +40 FOOT MHW BEAC H FILL 172,000.00 CY 1,925,765 0 313,418 2,402,873 

2.35 2.93 

A4 11 7061 702 SHORE EQUIPMENT FOR BEACH FILL 172,000.00 CY 403,788 0 6S,716 S03,826 

A4 1170699 Associated General Items 1.00 LS 3,924 0 639 4,896 

653. 99 816.02 

A4 1170699 I Beach Tilling 6.00 EA 3,924 0 639 4,896 

A4 2 Non-Construction Cost 1.00 LS 307,500 0 0 307,500 

A4 201 Lands and Damages 1.00 LS 5,000 0 0 s,ooo 
A4 20 I I Lands and Damages .1.00 LS s,ooo 0 0 5,000 

A4 230 Planning, Engineering & Design 1.00 LS 188,000 0 0 188,000 

A4 230 1 Engineering & Design 1.00 LS 188,000 0 0 188,000 

A4 230 I 1 Surveys 1.00 LS 15,000 0 0 1S,OOO 

A4 230 I 2 Specifications 1.00 LS 40,000 0 0 40,000 

A4 230 I 3 Design (L&W Section) 1.00 LS 80,000 0 0 80,000 

A4 230 1 4 Design (Structures Section) 1.00 LS 8,000 0 0 8,000 

A4 230 I 5 Geotech 1.00 LS 15,000 0 0 15,000 

A4 230 1 6 EN (Coastal Design) 1.00 LS 1S,OOO 0 0 1S,OOO 

A4 230 1 7 Cost Engineering 1.00 LS 1S,OOO 0 0 1S,OOO 

A4 299 Project Monitoring 1.00 LS 114,500 0 0 114,500 

A4 299 I Beach Profile Survey 1.00 LS 114,500 0 0 114,500 

1. 500.00 1.500.00 

A4 299 1 1 Survey Lines 43.00 EA 64,500 0 0 64,500 

50.000.00 50.000.00 

A4 299 1 2 Aerial Survey 1.00 EA 50,000 0 0 50,000 

AS 100FT FILL ALTERNATIVE- DREDGE 1.00 LS 3S,637,253 0 5,749,917 44,390,199 

AS 1 Construction Cost 1.00 LS 35,329,753 0 5,749,917 44,082,699 

AS 117 Beach Replenishment 1.00 LS 35,329,753 0 5,749,917 44,082,699 

AS 11701 REACH-I: R118.3- R109 1.00 LS 9,754,771 0 1,587,589 12,171,516 

Labor ID: LB04Natf D EQ ID: EP05R03 Currency in US dollars TRACES Mil Version 2.2 
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Description 

AS ll70101 Mobil, Demobil & Prep Work 

AS 117010101 Dredging, Mobil & Demobil 

AS 117010102 Shore Equipment Mob/Demob 

A6 117010199 Mobilization Trucked Pir>eline 

AS 1170117 Hopper Dredging 

AS 117011701 +100 FOOT MHW BEACH FILL 

AS 117011702 SHORE EQUIPMENT FOR BEACH FILL 
AS 1170199 Associated General Items 

AS 1170199 1 Beach Tilling 
AS 11702 REACH-2: R109- R10S.S 

AS 1170217 Hopper Dredging 

AS 117021701 +100 FOOT MHW BEACH FILL 

AS 117021702 SHORE EQ UIPMENT FOR BEACH FILL 

AS 1170299 Associated General Items 

AS 1170299 1 Beach Tilling 
AS 11703 REACH-3: R10S.S - R99 

AS 1170317 Hopper Dredging 

AS 117031701 +100 FOOT MHW BEACH FILL 

AS 117031702 SHORE EQUIPMENT FOR BEACH FILL 

AS 1170399 Associated General Items 

AS 1170399 1 Beach Tilling 

AS 11704 REACH-4: R99- R93 

Labor ID: LB04NatFD EQ ID: EP05R03 

COE Standard Repo11 Selections 

Quantity UOM 
1.00 LS 

1.00 LS 

1.00 LS 

1.00 LS 

S68,000.00 CY 

S68,000.00 CY 

S68,000.00 CY 

1.00 LS 

21.00 EA 
1.00 LS 

227,000.00 CY 

227,000.00 CY 

227,000.00 CY 

1.00 LS 

8.00 EA 

1.00 LS 

302,000.00 CY 

302,000.00 CY 

302,000.00 CY 
1.00 LS 

Currency in US dollars 

14.00 EA 

1.00 LS 

ContractCost 
1,S05,755 

1,244,1S6 
130,798 

130,802 

14.50 

8,235,282 

12.15 

6,901,843 

2.35 

1,333,439 

13,734 

653.99 

13,734 

3,240,032 

14.25 

3,234,800 

11.90 

2,701,894 

2.35 

532,906 
5,232 

653.99 

5,232 
4,2S3,471 

/4.05 

4,244,31S 

11.71 

3,535,338 

2.35 

708,976 
9,156 

653.99 

9,156 

4,331 ,110 

13.77 

Time 13:07:29 

Project Cost Summa1y Rep011 Page 14 

Escalation Contingency ProjectCost C/0 
0 245,062 1,878,806 

0 202,486 1,S52,39S 

0 21,287 163,203 

0 21,288 163,208 

18.09 

0 1,340,292 10,275,573 

15.16 

0 1,123,275 8,611 ,774 

2.93 

0 217,017 1,663,799 

0 2,235 17,136 

816.02 

0 2,235 17,136 

0 527,315 4,042,750 

17.78 

0 526,464 4,036,222 

14.85 

0 439,733 3,371,288 

2.93 

0 86,730 664,934 

0 851 6,528 

8/6.02 

0 851 6,528 

0 692,252 5,307,268 

17.54 

0 690,762 5,295,844 

14.61 

0 575,376 4,411,219 

2.93 

0 115,386 884,625 

0 1,490 11,424 

816.02 

0 1,490 J 1,424 

0 704,888 5,404,142 

17.18 

TRACES Mil Version 2.2 



U.S. Am1y Corps of Engineers Print Date Tue 17 October 2006 
Eff. Dale I 011612006 Project BBF703: Brevard County Shore Protection Project Mid-Reach 

Description 

AS 1170417 Hopper Dredging 

AS 117041701 +100 FOOT MHW BEACH FILL 

AS 117041702 SHORE EQUII>MENT FOR BEACH FILL 

AS 1170499 Associated General Items 

AS 1170499 I Beach Tilling 
AS II 70S REACH-S: R93- R83 

AS 1170S17 Hopper Dredging 

AS 1170S1701 +100 FOOT MHW BEACH FILL 

AS 1170S1702 SHORE EQUIPMENT FOR BEACH FILL 

AS 1170S99 Associated General Items 

AS 1170S99 1 Beach Tilling 

AS 11706 REACH-6: R83 - R7S.4 

AS 1170617 Hopper Dredging 

AS 117061701 +100 FOOT MHW BEACH FILL 

AS I 17061702 SHORE EQUIPMENT FOR BEACH FILL 

AS I I 70699 Associated General Items 

AS 1170699 1 Beach Tilling 

AS 2 Non-Construction Cost 
AS 201 Lands and Damages 

AS 201 1 Lands and Damages 
AS 230 Planning, Engineering & Design 

AS 230 1 E ngineering & Design 

AS 230 1 1 Surveys 
AS 230 1 2 Specifications 

Labor 10: LB04NatFD EQ ID: EP05R03 

COE Standard Report Selections 

Quantity UOM ContractCost 

314,000.00 CY 4,322,608 

11.42 

314,000.00 CY 

314,000.00 CY 

1.00 LS 

13.00 EA 
1.00 LS 

SS3,000.00 CY 

SS3,000.00 CY 

SS3,000.00 CY 

1.00 LS 

21.00 EA 

l.OO LS 

47S,OOO.OO CY 

47S,OOO.OO CY 

47S,OOO.OO CY 

1.00 LS 

Currency in US dollars 

14.00 EA 

1.00 LS 

1.00 LS 
1.00 LS 

1.00 LS 
1.00 LS 

1.00 LS 

1.00 LS 

3,S8S,460 

2.35 

737,148 

8,S02 

653.99 

8,S02 

7,481,817 

13.50 

7,468,083 

11.16 

6,169,8S8 

2.35 

J,298,22S 
13,734 

653.99 

13,734 

6,268,SS2 

13.18 

6,2S9,396 

/0.83 

S,144,284 

2.35 

1,11S,ll2 
9,1S6 

653.99 

9,1S6 
307,SOO 

s,ooo 
s,ooo 

188,000 

188,000 
1S,OOO 

40,000 

Timt' 13:07:29 

Project Cost Summary Report Page 15 

Escalation Contingency ProjectCost C/0 

0 703,S04 S,393,S34 

14.25 

0 583,534 4,473,758 

2.93 

0 119,971 919,776 

0 1,384 10,608 

816.02 

0 1,384 10,608 

0 1,217,666 9,33S,437 

16.85 

0 1,215,431 9,318,301 

/3.92 

0 1,004,144 7,698,441 

2.93 

0 211,286 1,619,860 

0 2,23S 17,136 

8 /6.02 

0 2,23S 17,136 

0 1,020,207 7,82I,S86 

16.44 

0 1,018,717 7,810,162 

/3.51 

0 837,232 6,418,781 

2.93 

0 181,484 1,391,381 

0 1,490 11,424 

816.02 

0 1,490 11,424 

0 0 307,SOO 

0 0 5,000 

0 0 s,ooo 
0 0 188,000 

0 0 188,000 

0 0 15,000 

0 0 40,000 

TRACES Mil Version 2.2 



Print Date Tue I 7 October 2006 U.S. Am1y Corps of Engineers Time 13:07:29 
Eff. Date I 0/16/2006 Project BBF703: Brevard County Shore Protection Project Mid-Reach 

COE Standard Report Selections Project Cost Summary Report Page 16 

Description Quantity UOM ContractCost Escalation Contingency ProjectCost C/0 
AS 230 1 3 Design (L& W Section) 1.00 LS 80,000 0 0 80,000 
AS 230 1 4 Design (Structures Section) 1.00 LS 8,000 0 0 8,000 
AS 230 1 5 Geotcch 1.00 LS IS,OOO 0 0 IS,OOO 
AS 230 I 6 EN (Coastal Design) 1.00 LS 1S,OOO 0 0 1S,OOO 
AS 230 1 7 Cost Engineering 1.00 LS 1S,OOO 0 0 IS,OOO 
AS 299 Project Monitoring 1.00 LS 114,SOO 0 0 114,500 
AS 299 1 Beach Profile Survey 1.00 LS 114,SOO 0 0 1 14,SOO 

1.500.00 1.500.00 

AS 299 I I Survey Lines 43.00 EA 64,SOO 0 0 64,500 
50.000.00 50.000.00 

AS 299 1 2 Aerial Survey 1.00 EA so,ooo 0 0 so,ooo 
A6 160FT FILL ALTERNATIVE- DREDGE 1.00 LS 64,63S,429 0 10,469,370 80,572,673 
A6 1 Construction Cost 1.00 LS 64,327,929 0 10,469,370 80,265,173 
A6 117 Beach Replenishment 1.00 LS 64,327,929 0 10,469,370 80,26S,173 
A6 11701 REACH-I: Rll9- R109 1.00 LS 1S,19S,101 0 2,473,003 18,9S9,687 
A6 1170101 Mobil, Dcmobil & Prep Work 1.00 LS 1,505,7SS 0 24S,062 1,878,806 
A6 117010101 Dredging, Mobil & Demobil 1.00 LS 1,244,1S6 0 202,486 1,S52,395 
A6 117010102 Shore Equipment Mob/Demob 1.00 LS 130,798 0 21,287 163,203 
A6 117010199 Mobilization Trucked t>ipeline 1.00 LS 130,802 0 21,288 163,208 

13.70 17.09 

A6 1170117 Hopper Dredging 998,000.00 CY 13,667,764 0 2,224,429 17,053,9S2 

11.35 14.16 

A6 117011701 +160 FOOT MHW BEACH FILL 998,000.00 CY 11,324,855 0 1,843,120 14,130,S88 

2.35 2.93 

A6 117011702 SHORE EQUIPMENT FOR BEACH FILL 998,000.00 CY 2,342,909 0 381,308 2,923,36S 

A6 1170199 Associated General Items 1.00 LS 21,582 0 3,S12 26,929 

653.99 8 /6.02 

A6 1170199 1 Beach Tilling 33.00 EA 21,582 0 3,512 26,929 

A6 11702 REACH-2: RI09- RI05.5 1.00 LS 5,794,091 0 942,988 7,229,577 

14.25 17.78 

A6 1170217 Hopper Dredging 406,000.00 CY 5,785,589 0 941,605 7,218,969 

11.90 /4.85 

A6 117021701 +160 FOOT MHW BEACH FILL 406,000.00 CY 4,832,462 0 786,483 6,029,704 

2.35 2.93 

A6 117021702 SHORE EQU IPMENT FOR BEACH FILL 406,000.00 CY 953,127 0 155,121 1,189,265 

Labor 10: LB04NatFD EQ ID: EP05R03 Currency in US dollars TRACES Mil Version 2.2 



Print Date Tue 17 October 2006 U.S. AtlllY C0rps of Engineers Time 13:07:29 
Eff. Date 10/1612006 Project BBF703: Brevard County Shore Protection Project Mid-Reach 

COE Standard Report Selections Project Cost Summary Report Page 17 

Description Quantity UOM ContractCost Escalation Contingency ProjectCost C/0 
A6 1170299 Associated General Items 1.00 LS 8,502 0 1,384 10,608 

653.99 816.02 

A6 11 70299 I Beach Tilling 13.00 EA 8,502 0 1,384 10,608 

A6 11703 REACH-3: RI05.5 - R99 1.00 LS 8,798,806 0 1,432,006 10,978,710 
14.05 17.54 

A6 1170317 Hopper Dredging 625,000.00 CY 8,783,764 0 1,429,558 10,959,942 

11.71 14.61 

A6 117031701 +160 FOOT MHW BEACH FILL 625,000.00 CY 7,316,512 0 1,190,762 9,129,178 

2.35 2.93 

A6 U703 1702 SHORE EQUIPMENT FOR BEACH FILL 625,000.00 CY 1,467,253 0 238,795 1,830,764 

A6 1 170399 Associated General Items 1.00 LS 15,042 0 2,448 18,768 

653.99 8 / 6.02 

A6 1170399 I Beach Tilling 23.00 EA 15,042 0 2,448 18,768 

A6 11704 REACH-4: R99- R93 1.00 LS 7,990,583 0 1,300,467 9,970,249 

13.75 17.16 

A6 1 170417 Hopper Dredging 580,000.00 CY 7,976,849 0 1,298,232 9,953,113 

11.41 14.23 

A6 117041701 +160 FOOT MHW BEACH FILL 580,000.00 CY 6,615,238 0 1,076,630 8,254,164 

2.35 2.93 

A6 117041702 SHORE EQUIPMENT FOR BEACH FILL 580,000.00 CY 1,361,610 0 221 ,602 1,698,949 

A6 1170499 Associated General Items 1.00 LS 13,734 0 2,235 17,136 

653.99 816.02 

A6 1170499 1 Beach Tilling 21.00 EA 13,734 0 2,235 17,136 

A6 11705 REACH-5: R93- R83 1.00 LS 14,079,820 0 2,291,491 17,568,096 

13.49 /6.83 

A6 1170517 Hopper Dredging I ,042,000.00 CY 14,058,238 0 2,287,978 17,541,167 

11.14 13.90 

A6 117051701 +160 FOOT MHW BEACH FILL I ,042,000.00 CY ll,612,035 0 1,889,859 14,488,917 

2.35 2.93 

A6 117051702 SHORE EQUIPMENT FOR BEACH FILL I ,042,000.00 CY 2,446,203 0 398,120 3,052,250 

A6 1170599 Associated General Items 1.00 LS 21,582 0 3,512 26,929 

653.99 816.02 

A6 1170599 I Beach Tilling 33.00 EA 21,582 0 3,512 26,929 

A6 11706 REACH-6: R83 - R75.4 1.00 LS 12,469,528 0 2,029,416 15,558,854 

/3.15 / 6.41 

Labor ID: LB04NatFD EQ ID: EP05R03 Currency in US dollars TRACES Mil Version 2.2 



Print Date Tue 17 October 2006 U.S. Army Corps of Engineers Time 13:07:29 
Eff. Date 10/ 1612006 Project BBF703: Brevard County Shore Protection Project Mid-Reach 

COE Standard Report Selections Project Cost Summary Report Page I 8 

Descr iption Quantity UOM ContractCost Escalation Contingency ProjectCost C/0 
A6 1170617 Hopper Dredging 947,000.00 CY 12,454,486 0 2,026,968 15,540,085 

/0.80 13.48 

A6 117061701 +160 FOOT MHW BEACH FILL 947,000.00 CY 10,231,305 0 1,665,145 12,766,111 

2.35 2.93 

A6 117061702 SHORE EQUIPM ENT FOR BEACH FILL 947,000.00 CY 2,223,181 0 36 1,823 2,773,974 

A6 1170699 Associated General Items 1.00 LS 15,042 0 2,448 18,768 

653.99 816.(12 

A6 1170699 I Beach Tilling 23.00 EA 15,042 0 2,448 18,768 

A6 2 Non-Construction Cost 1.00 LS 307,500 0 0 307,500 

A6 201 Lands and Damages 1.00 LS 5,000 0 0 5,000 

A6 201 1 Lands and Damages 1.00 LS 5,000 0 0 5,000 

A6 230 Planning, Engineering & Design 1.00 LS 188,000 0 0 188,000 

A6 230 1 Engineering & Design 1.00 LS 188,000 0 0 188,000 

A6 230 1 1 Surveys 1.00 LS 15,000 0 0 15,000 

A6 230 1 2 Specifications 1.00 LS 40,000 0 0 40,000 

A6 230 1 3 Design (L&W Section) 1.00 LS 80,000 0 0 80,000 

A6 230 1 4 Design (Structures Section) 1.00 LS 8,000 0 0 8,000 

A6 230 I 5 Geotech 1.00 LS 15,000 0 0 15,000 

A6 230 I 6 EN (Coastal Design) 1.00 LS I5,000 0 0 15,000 

A6 230 I 7 Cost Engineering 1.00 LS 15,000 0 0 15,000 

A6 299 Project Monitoring 1.00 LS 114,500 0 0 114,500 

A6 299 1 Beach Profile Survey 1.00 LS 114,500 0 0 114,500 

1.500.00 1.500.00 

A6 299 1 I Survey Lines 43.00 EA 64,500 0 0 64,500 

50.000.00 50.000.00 

A6 299 I 2 Aerial Survey 1.00 EA 50,000 0 0 50,000 

A7 SHORE REVETMENT ALTERNATIVE 1.00 LS 62,099,374 4,809,923 10,054,186 82,214,5I8 

A 7 1 Construction Cost 1.00 LS 61,776,874 4,809,923 10,054, I86 81,892,0 I8 

A7 117 Beach Replenishment 1.00 LS 61,776,874 4,809,923 10,054,186 81,892,018 

A 7 1170 I Stone Shore Revetment REACH I 1.00 LS 14,353,693 1,117,573 2,336,063 19,027,393 

6.54 8.68 

A7 1170101 Excavation and Backfill 137,200.00 CY 897,894 69,910 146, 132 1,190,257 

4.97 6.59 

A 7 1170102 Gcotcxtile Fabric 52,l10.00 SY 258,924 20,160 42,140 343,232 

58.01 76.89 

Labor 10: LB04NatfD EQ 10: EP05R03 Currency in US dollars TRACES Mil Version 2.2 



Print Date Tue 17 October 2006 U.S. Army Corps of Enginl!er-s Time 13:07:29 
Eff. Date I 0/16/2006 Project BBF703: Brevard County Shore Protection Project Mid-Reach 

COE Standard Report Selections Project Cost Summary Report Page 19 

Description Quantity UOM ContractCost Escalation Contingency ProjectCost C/0 
A7 1170103 Marine Mattress & Bedding Stone 52,110.00 SY 3,022,743 235,350 491 ,951 4,006,977 

69.63 92.30 

A7 1170104ArmorStonc I46,I21.00 TON 10,174,132 792,I54 1,655,840 I3,486,927 
A 7 11702 Stone Shore Revetment REACH 2 I.OO LS 5,403,995 420,753 879,500 7,I63,587 

6.54 8.68 

A7 1170201 Excavation and Backfill 58,300.00 CY 381,539 29,707 62,096 505,772 

4.97 6.59 

A7 1170202 Geotextile Fabric 22,269.00 SY 110,650 8,615 18,008 146,679 

58.50 77.55 

A 7 1170203 Marine Mattress & Bedding Stone 22,269.00 SY 1,302,840 101,439 212,037 1,727,057 

69.63 92.30 

A7 1 I 70204 Armor Stone 5I,832.00 TON 3,608,965 280,993 587,359 4,784,079 

A7 I I703 Stone Shore Revetment REACH 3 1.00 LS 9,111,204 709,395 1,482,848 12,077,899 

6.54 8.68 

A 7 II70301 Excavation and Backfill 90,600.00 CY 592,924 46,165 96,498 785,986 

4.97 6.59 

A 7 1170302 Geotextile Fabric 30,070.00 SY I49,412 11,633 24,317 198,062 

58.28 77.26 

A 7 I I 70303 Marine Mattress & Bedding Stone 30,070.00 SY 1,752,455 136,445 285,212 2,323,071 

69.63 92.30 

A7 1170304 Armor Stone 95,025.00 TON 6,616,413 515,151 1,076,821 8,770,781 

A7 11704 Stone Shore Revetment REACH 4 1.00 LS 8,739,795 680,477 1,422,402 11,585,556 

6.54 8.68 

A7 117040 I Excavation and Backfill 82,300.00 CY 538,605 41,936 87,658 713,981 

4.97 6.59 

A 7 1I70402 Geotextile Fabric 35,840.00 SY 178,082 13,865 28,983 236,067 

58.18 77.12 

A 7 1 I 70403 Marine Mattress & Bedding Stone 35,840.00 SY 2,085,012 162,338 339,336 2,763,912 

69.63 92.30 

A7 1170404 Armor Stone 85,283.00 TON 5,938,096 462,338 966,425 7,871,597 

A 7 11705 Stone Shore Revetment REACH 5 1.00 LS 13,568,799 1,056,461 2,208,322 17,986,931 

6.54 8.68 

A 7 117050 I Excavation and Backfill 140,700.00 CY 920,799 71,693 149,860 1,220,621 

4.97 6.59 

A 7 1170502 Geotextile Fabric 48,815.00 SY 242,552 18,885 39,475 321,529 

Labor ID: LB04NatFD EQ JD: EP05R03 Currency in US dollars TRACES Mil Version 2.2 



Print Date Tue 17 October 2006 U.S. Army Corps of Engineers Time 13:07:29 
Eff. Date I 0/ 16/2006 Project BBF703: Brevard County Shore Protection Project Mid-Reach 

COE Standard Report Selections Project Cost Summary Report Page 20 

Description Quantity UOM ContractCost Escalation Contingency ProjectCost C/0 

58.03 76.93 

A 7 1170503 Marine Mattress & Bedding Stone 48,815.00 SY 2,832,834 220,563 461 ,044 3,755,231 

69.63 92.30 

A 7 1170504 Armor Stone 137,482.00 TON 9,572,614 745,320 1,557,943 12,689,550 
A7 11706 Stone Shore Revetment REACH 6 1.00 LS 10,599,389 825,264 1,725,051 14,050,652 

6.54 8.68 

A7 1170601 Excavation and Backfill 124,900.00 CY 817,398 63,642 133,031 1,083,550 

4.97 6.59 

A 7 1170602 Gcotcxtile Fabric 33,902.00 SY 168,452 13,116 27,416 223,302 

58.21 77.16 

A7 1170603 Marine Mattress & Bedding Stone 33,902.00 SY 1,973,314 153,641 321,157 2,615,844 

69.63 92.30 

A7 1170604 Armor Stone 109,729.00 TON 7,640,225 594,865 1,243,447 10,127,956 

A 7 2 Non-Construction Cost 1.00 LS 322,500 0 0 322,500 

A 7 201 Lands and Damages 1.00 LS 20,000 0 0 20,000 

A 7 201 1 Lands and Damages 1.00 LS 20,000 0 0 20,000 

A 7 230 Planning, Engineering & Design 1.00 LS 188,000 0 0 188,000 

A 7 230 1 Engineering & Design 1.00 LS 188,000 0 0 188,000 

A 7 230 1 I Surveys 1.00 LS 15,000 0 0 15,000 

A 7 230 1 2 Specifications 1.00 LS 40,000 0 0 40,000 

A 7 230 I 3 Design (L& W Section) 1.00 LS 80,000 0 0 80,000 

A 7 230 I 4 Design (Structures Section) 1.00 LS 8,000 0 0 8,000 

A 7 230 1 5 Geotech 1.00 LS 15,000 0 0 15,000 

A 7 230 1 6 EN (Coastal Design) 1.00 LS 15,000 0 0 15,000 

A 7 230 1 7 Cost Engineering 1.00 LS 15,000 0 0 15,000 

A 7 299 Project Monitoring 1.00 LS 114,500 0 0 114,500 

A 7 299 1 Beach Profile Survey 1.00 LS 114,500 0 0 114,500 

1.500.00 1.500.00 

A 7 299 1 1 Survey Lines 43.00 EA 64,500 0 0 64,500 

50.000.00 50.000.00 

A 7 299 1 2 Aerial Survey 1.00 EA 50,000 0 0 50,000 

Ml OFFSHORE REEF MITIGATION AREAS 1.00 LS 36,918,707 2,850,923 5,959,288 48,841,295 

M1 1 Construction Cost 1.00 LS 36,616,207 2,850,923 5,959,288 48,538,795 

M1 I M 1 1 Acre Offshore Mitigation Reef 1.00 LS 1,388,689 108,123 226,009 1,840,859 

Ml 1 Ml_1 Mobilization/Demobilization 1.00 LS 202,009 15,728 32,877 267,785 

Labor ID: LB04NatrD EQ ID: EPOSR03 Currency in US dollars TRACES Mil Version 2.2 



Print Date Tue I 7 October 2006. U.S. i\rmy Corps of Engineers Time 13:07:29 
Eff. Date I 0/16/2006 Project BBF703: Brevard County Shore Protection Project Mid-Reach 

COE Standard Report Selections Project Cost Summary Report Page 21 

Descri)>tion Quantity UOM ContractCost Escalation Contingency ProjectCost C/0 
Ml IMI_l I Mobilization, Demob & Pre)> Work 1.00 LS 154,324 12,016 25,116 204,573 
Ml 1M 1_ 1 1 1 IVlobilization and Demobilization 1.00 LS 44,262 3,446 7,204 58,675 
Ml 1M1_1 1 2 Clamshell Dredge Mob/Demob 1.00 LS 72,478 5,643 11,796 96,077 

l\11 11\11_1 1 3 Crane for Loading Materials 1.00 LS 6,772 527 1,102 8,977 

Ml 1Ml_ l 1 4 Offshore Mooring Piles 1.00 LS 30,811 2,399 5,015 40,844 

MI 1M1_1 2 Preconstruction Survey 1.00 LS 14,198 1,105 2,311 18,821 

l\11 IMl_ l 2 1 Breakwater Hydro Surveys 1.00 LS 6,597 514 1,074 8,746 

Ml 1Ml_ l 2 2 Breakwater Diving Surveys 1.00 LS 7,600 592 1,237 10,075 

M1 IMI_I 3 Final Construction Survey 1.00 LS 14,198 1,105 2,311 18,821 

Ml 1M 1_.1 3 I Breakwater Construction Areas 1.00 LS 6,597 514 1,074 8,746 

Ml 1M1_1 3 2 Breakwater Diving Surveys 1.00 LS 7,600 592 1,237 10,075 

M1 IMI_I 4 Associated General Items 1.00 LS 19,289 1,502 3,139 25,570 

Ml IMI_l 4 1 Purchase Buoys 1.00 LS 5,232 407 851 6,935 

M1 IM1_1 4 2 Install and Maintain Buoys 1.00 LS 14,058 1,095 2,288 18,635 

86.89 115.18 

M1 1M1_2 Reef Limestone (3' -6' Dia.) 7,600.00 EA 660,368 51,4.16 107,475 875,391 

81.88 108.54 

Ml 1M1_2 1 Armor Stone 7,980.00 TON 653,389 50,873 106,339 866,139 

Ml 1M1_2 2 Foundation Excavation 1.00 LS 6,979 543 1,136 9,252 

5.64 7.47 

M1 1Ml_2 2 1 Excavation, Unclassified 1,238.00 CY 6,979 543 1,136 9,252 

128.20 169.94 

Ml 1M1 3 12-lnch Marine Mattress 3,714.00 SY 476,136 37,072 77,491 631,170 

6.96 9.22 

M1 1M1 4 Geotextile Filter Fabric 3,714.00 SY 25,845 2,012 4,206 34,260 

M1 1M1_5 Associated General Items 1.00 LS 24,331 1,894 3,960 32,253 

M1 IM1_5 I Purchase Navigation Aids 1.00 LS 3,924 306 639 5,202 

Ml 1M1_5 2 Install Permanent NavAids 1.00 LS 20,407 1,589 3,321 27,051 

MI 1M2 2 Acre Offshore Mitigation Reef 1.00 LS 2,448,448 190,635 398,485 3,245,686 

M1 IM2_1 Mobilization/Demobilization 1.00 LS 202,009 15,728 32,877 267,785 

Ml IM2_11 Mobilization, Demob & Prep Work 1.00 LS 154,324 12,016 25,116 204,573 

Ml 1M2_111 Mobilization and Demobilization 1.00 LS 44,262 3,446 7,204 58,675 

Ml JM2_1 I 2 Clamshell Dredge Mob/Demob 1.00 LS 72,478 5,643 11,796 96,077 

Ml 1M2_1 1 3 Crane for Loading Materials 1.00 LS 6,772 527 1,102 8,977 

Ml IM2_1 1 4 Offshore Mooring Piles 1.00 LS 30,811 2,399 5,015 40,844 

Labor ID: LB04NatFD EQ ID: EP05R03 Currency in US dollars TRACES Mil Version 2.2 



Print Date Tue 17 October 2006 U.S. Am1y Corps of Engineers Time 13:07:29 
Eff. Date 10/ 16/2006 Project BBF703: Brevard County Shore Protection Project Mid-Reach 

COE Standard Report Selections Project Cost Summary Report Page 22 

Description Quantity UOM ContractCost Escalation Contingency Project Cost C/0 
Ml 1M2_1 2 Prcconstruction Survey 1.00 LS 14,198 1,105 2,311 18,82I 

M1 1M2_1 2 I Breakwater Hydro Surveys 1.00 LS 6,597 514 1,074 8,746 
M1 1M2_1 2 2 Breakwater Diving Surveys 1.00 LS 7,600 592 1,237 10,075 

M1 1 M2_ I 3 Final Construction Survey 1.00 LS 14,198 I, I05 2,311 18,82I 

Ml 1 M2_1 3 1 Breakwater Construction Areas I.OO LS 6,597 514 1,074 8,746 

Ml 1M2_ I 3 2 Breakwater Diving Surveys I.OO LS 7,600 592 1,237 10,075 

MI 1M2_1 4 Associated General Items 1.00 LS 19,289 1,502 3,139 25,570 

M1 IM2_I 4 I Purchase Buoys 1.00 LS 5,232 407 851 6,935 

M1 1M2_1 4 2 Insta ll and Maintain Buoys I.OO LS 14,058 1,095 2,288 18,635 

81.90 108.57 

l\11 I l\12_2 Reef Limestone (3' -6' Dia.) 15,200.00 TON 1,244,944 96,931 202,615 I,650,310 

77.57 102.82 

Ml 1M2_2 I Armor Stone 15,960.00 EA 1,237,965 96,387 201,479 1,641,059 

M1 1M2_2 2 Foundation Excavation 1.00 LS 6,979 543 1,136 9,252 

5.64 7.47 

M1 1M2_2 2 I Excavation, Unclassified 1,238.00 CY 6,979 543 1, 136 9,252 

125.48 166.34 

M1 1M2 3 I2-lnch Marine Mattress 7,428.00 SY 932,086 72,572 151,697 1,235,583 

6.07 8.04 

MJ I M2_ 4 Ccotextile Filter Fabric 7,428.00 SY 45,078 3,510 7,336 59,755 

M1 1M2_5 Associated General Items 1.00 LS 24,331 1,894 3,960 32,253 

M1 1M2_5 l Purchase Navigation Aids 1.00 LS 3,924 306 639 5,202 

Ml 1M2 52 Install Permanent NavAids 1.00 LS 20,407 1,589 3,321 27,051 

Ml 1M3 5 Acre Offshore Mitigation Reef 1.00 LS 5,627,617 438, 164 915,895 7,460,023 

M I JM3_1 Mobilization/Demobilization 1.00 LS 202,009 15,728 32,877 267,785 

M1 IM3_1 I Mobilization, Demob & Prep Work 1.00 LS 154,324 12,016 25,116 204,573 

M1 1M3_1 1 1 Mobilization and Demobilization 1.00 LS 44,262 3,446 7,204 58,675 

M1 1M3_1 I 2 C lamshell Dredge Mob/Demob 1.00 LS 72,478 5,643 11,796 96,077 

1\'ll 1M3_1 1 3 Crane for Loading Materials 1.00 LS 6,772 527 1,102 8,977 

Ml 1M3_1 I 4 Offshore Mooring Piles 1.00 LS 30,811 2,399 5,015 40,844 

Ml 1M3_1 2 Prcconstruction Survey 1.00 LS 14,198 1,105 2,311 18,821 

M1 1M3_1 2 l Breakwater Hydro Surveys 1.00 LS 6,597 514 1,074 8,746 

M1 1M3_ I 2 2 Breakwater Diving Surveys 1.00 LS 7,600 592 1,237 10,075 

Ml 1M3_13 Final Construction Survey 1.00 LS 14,198 1, 105 2,311 18,821 

M1 1M3_1 3 l Breakwater Construction Areas 1.00 LS 6,597 514 1,074 8,746 
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Ml 1!\13_1 3 2 Breakwater Diving Surveys 1.00 LS 7,600 592 1,237 10,075 
J\11 1M3 _1 4 Associated General Items 1.00 LS 19,289 1,502 3,139 25,570 
M1 IM3_1 4 I Purchase Buoys 1.00 LS 5,232 407 851 6,935 

Ml 1M3_1 4 2 Install and Maintain Buoys 1.00 LS 14,058 1,095 2,288 18,635 
78.91 104.61 

l\11 1M3_2 Reef Limestone (3' -6' Dia.) 38,000.00 TON 2,998,672 233,475 488,034 3,975,068 
74.98 99.39 

M1 1M3_2 I Armor Stone 39,900.00 EA 2,991,693 232,932 486,898 3,965,817 

M1 IM3_2 2 Foundation Excavation 1.00 LS 6,979 543 1,136 9,252 

5.64 7.47 

Ml 1M3_2 2 I Excavation, Unclassified 1,238.00 CY 6,979 543 1,136 9,252 
123.85 164. 18 

Ml 1M3_3 12-Inch Marine Mattress 18,569.00 SY 2,299,835 179,064 374,298 3,048,684 

5.53 7.34 

Ml 1M3_ 4 Geotcxtile Filter Fabric 18,569.00 SY 102,771 8,002 16,726 136,234 

M1 1M3_5 Associated General Items 1.00 LS 24,331 1,894 3,960 32,253 

M1 1M3_5 I Purchase Navigation Aids 1.00 LS 3,924 306 639 5,202 

M1 J M3_5 2 Install Permanent NavAids 1.00 LS 20,407 1,589 3,321 27,051 

M1 1M4 10 Acre Offshore Mitigation Reef 1.00 LS 10,926,383 850,724 1,778,269 14,484,1 18 

M1 I M4_1 Mobilization/Demobilization 1.00 LS 202,009 15,728 32,877 267,785 

MI IM4_1 1 Mobilization, Dcmob & Prep Work 1.00 LS 154,324 12,016 25,116 204,573 

Ml 1M4_ 1 1 I Mobilization and Demobilization 1.00 LS 44,262 3,446 7,204 58,675 

Ml 1M4_1 1 2 Clamshell Dredge Mob/Demob 1.00 LS 72,478 5,643 11,796 96,077 

M1 1 M4_1 1 3 Crane for Loading Materials 1.00 LS 6,772 527 1,102 8,977 

M1 IM4_1 1 4 Offshore Mooring Piles 1.00 LS 30,811 2,399 5,015 40,844 

Ml 1M4_1 2 Prcconstruction Survey 1.00 LS 14,198 1,105 2,311 18,821 

M1 1M4_1 2 I Breakwater Hydro Surveys 1.00 LS 6,597 514 1,074 8,746 

M1 IM4_1 2 2 Breakwater Diving Surveys 1.00 LS 7,600 592 1,237 10,075 

Ml 1M4_1 3 Final Construction Survey 1.00 LS 14,198 1,105 2,311 18,821 

MI 1M4_1 3 I Breakwater Construction Areas 1.00 LS 6,597 514 1,074 8,746 

Ml 1M4_1 3 2 Breakwater Diving Surveys 1.00 LS 7,600 592 1,237 10,075 

Ml 1M4_1 ~Associated General Items 1.00 LS 19,289 1,502 3,139 25,570 

Ml 1M4_1 4 I Purchase Buoys 1.00 LS 5,232 407 851 6,935 

M1 1M4_1 4 2 Install and Maintain Buoys 1.00 LS 14,058 1,095 2,288 18,635 

77.92 103.29 
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Ml 1M4_2 Reef Limestone (3' -6' Dia.) 76,000.00 TON 5,921,551 461,050 963,732 7,849,665 

74.12 98.25 

Ml 1M4_2 I Armor Stone 79,800.00 EA 5,914,572 460,506 962,597 7,840,414 

Ml I M4_2 2 Foundation Excavation 1.00 LS 6,979 543 1, 136 9,252 

5.64 7.47 

Ml IM4_2 2 I Excavation, Unclassified 1,238.00 CY 6,979 543 1, 136 9,252 

123.31 163.46 

M1 IM4_3 12-lnch Marine Mattress 37,139.00 SY 4,579,558 356,563 745,323 6,070,706 

5.36 7. 10 

M1 IM4_ 4 Geotextilc Filter Fabric 37, 139.00 SY 198,934 15,489 32,377 263,709 

MI IM4_5 Associated General Items 1.00 LS 24,331 1,894 3,960 32,253 

M1 1M4_5 1 Purchase Navigation Aids 1.00 LS 3,924 306 639 5,202 

M1 1M4_5 21 nstall Permanent NavAids 1.00 LS 20,407 1,589 3,321 27,051 

M1 JMS 15 Acre Offshore Mitigation Reef 1.00 LS 16,225,071 1,263,278 2,640,630 21,508,109 

M l I M5 _I Mobilization/Demobilization 1.00 LS 202,009 15,728 32,877 267,785 

M1 IM5_11 Mobilization, Demob & Prep Work 1.00 LS 154,324 12,016 25, 116 204,573 

M1 1M5_1 1 1 Mobilization and Demobilization 1.00 LS 44,262 3,446 7,204 58,675 

Ml 1M5_1 1 2 Clamshell Dredge Mob/Demob 1.00 LS 72,478 5,643 11,796 96,077 

M1 1M5_1 1 3 Crane for Loading Materials 1.00 LS 6,772 527 1, 102 8,977 

M1 1M5_ 1 I 4 Offshore Mooring Piles 1.00 LS 30,811 2,399 5,015 40,844 

M1 IM5_1 2 Preconstruction Survey 1.00 LS 14,198 1,105 2,311 18,821 

M1 1M5_ 1 2 I Breakwater Hydro Surveys 1.00 LS 6,597 514 1,074 8,746 

M1 1M5_1 2 2 Breakwater Diving Surveys 1.00 LS 7,600 592 1,237 10,075 

M1 1M5_ 1 3 Final Construction Survey 1.00 LS 14,198 1,105 2,311 18,821 

M1 1M5_1 3 I Breakwater Construction Areas 1.00 LS 6,597 514 1,074 8,746 

M1 1M5_ l 3 2 Breakwater Diving Surveys 1.00 LS 7,600 592 1,237 10,075 

Ml 1M5_1 4 Associated General Items 1.00 LS 19,289 1,502 3,139 25,570 

M1 1M5_1 4 1 Purchase Buoys 1.00 LS 5,232 407 851 6,935 

M1 IM5_1 4 2 Install and Maintain Buoys 1.00 LS 14,058 1,095 2,288 18,635 

77.58 102.84 

M l 1M5_2 Reef Limestone (3' -6' Dia.) 114,000.00 TON 8,844,431 688,624 1,439,431 11,724,262 

73.83 97.87 

M1 1M5_2 1 Armor Stone 119,700.00 EA 8,837,452 688,080 1,438,295 11 ,715,011 

Ml 1M5_2 2 Foundation Excavation 1.00 LS 6,979 543 1,136 9,252 

5.64 7.47 
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M1 1M5_2 2 1 Excavation, Unclassified 1,238.00 CY 6,979 543 1,136 9,252 

123.13 163.22 

M1 1 M5 3 12-Inch Marine Mattt·ess 55,708.00 SY 6,859,208 534,055 1,116,336 9,092,632 

530 7.02 

Ml I M5 _ 4 Geotextile Filter Fabric 55,708.00 SY 295,093 22,976 48,026 391,178 
Ml I M5 5 Associated General Items 1.00 LS 24,331 1,894 3,960 32,253 
Ml 1M5_5 I Purchase Navigation Aids 1.00 LS 3,924 306 639 5,202 
Ml IM5_5 21nstall Permanent NavAids 1.00 LS 20,407 1,589 3,321 27,051 

M1 2 Non-Construction Cost 1.00 LS 302,500 0 0 302,500 

M1 201 Lands and Damages 1.00 LS 0 0 0 0 
M1 201 1 Lands and Damages 1.00 LS 0 0 0 0 
M1 230 Planning, Engineering & Design 1.00 LS 188,000 0 0 188,000 
M1 230 1 Engineering & Design 1.00 LS 188,000 0 0 188,000 

M1 230 1 1 Surveys 1.00 LS 15,000 0 0 15,000 

Ml 230 1 2 Specifications 1.00 LS 40,000 0 0 40,000 

M1 230 1 3 Design (L&W Section) 1.00 LS 80,000 0 0 80,000 

M1 230 1 4 Design (Structures Section) 1.00 LS 8,000 0 0 8,000 

1\tll 230 1 5 Geotech 1.00 LS 15,000 0 0 15,000 

M1 230 1 6 EN (Coastal Design) 1.00 LS 15,000 0 0 15,000 

M l 230 1 7 Cost Engineering 1.00 LS 15,000 0 0 15,000 

M1 299 Project Monitoring 1.00 LS 114,500 0 0 114,500 

M1 299 I Beach Profile Survey 1.00 LS 114,500 0 0 114,500 

1.500.00 1.500.00 

Ml 299 1 1 Survey Lines 43.00 EA 64,500 0 0 64,500 

50.000.00 50,000.00 

Ml 299 1 2 Aerial Survey 1.00 EA 50,000 0 0 50,000 

BUILDING DEMOLITION/RELOCATION 1.00 LS 77,581,766 926,355 1,936,361 81,455,793 

Construction Cost 1.00 LS 11,897,766 926,355 1,936,361 15,771,793 

11.897.766.14 15,771.793.01 

Relocations 1.00 EA 11,897,766 926,355 1,936,361 15,771,793 

1.876. 253.32 2.487. 179.41 

Selective Demolition REACH 1 1.00 EA 1,876,253 146,084 305,360 2,487,179 

50.564.08 6 7.028. 24 

2165 N. Hwy AlA 1.00 EA 50,564 3,937 8,229 67,028 

49.807. 17 66.024.86 
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Foundation 1.00 EA 49,807 3,878 8,106 66,025 

0.00 0.00 

F rame Structures 1.00 EA 0 0 0 0 

112.88 /49.63 

Concrete Block Structures 1.00 EA 113 9 18 ISO 
644.04 853.75 

Load Debris 1.00 EA 644 50 lOS 854 

120.009.25 159.085.42 

2155 N. Hwy AlA 1.00 EA 120,009 9,344 19,532 159,085 

119.346.25 158.206.53 

Foundation 1.00 EA 119,346 9,292 19,424 158,207 

0.00 0.00 

Frame Structures 1.00 EA 0 0 0 0 

18.97 25.14 

Concrete Block Structures 1.00 EA 19 1 3 25 

644.04 853.75 

Load Debris 1.00 EA 644 50 105 854 

159.950.90 212.032.45 

2055 N. Hwy AlA 1.00 EA 159,951 12,454 26,032 212,032 

159.128.33 210.942.04 

Foundation 1.00 EA 159,128 12,390 25,898 210,942 

0.00 0.00 

Frame Structures 1.00 EA 0 0 0 0 

178.53 236.66 

Concrete Block Structures 1.00 EA 179 14 29 237 

644.04 853.75 

Load Debris 1.00 EA 644 50 105 854 

119.994.65 159.066.06 

1925 N. Hwy AlA 1.00 EA 119,995 9,343 19,529 159,066 

119.346.25 158. 206.53 

Foundation 1.00 EA 119,346 9,292 19,424 158,207 

0.00 0.00 

Frame Structures 1.00 EA 0 0 0 0 

4.36 5.78 

Concrete Block Structures 1.00 EA 4 0 I 6 
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Load Debris 

191S N. Hwy AlA 

Foundation 

Frame Structures 

Concrete Block Structures 

Load Debris 

180S N. Hwy AlA 

Foundation 

Frame Structures 

Concrete Block Structures 

Load Debris 

174S N. Hwy Al A 

Foundation 

Frame Structures 

Concrete Block Structures 

Load Debris 

1163 N. Hwy AlA 

Labor ID: LB04NatFD EQ ID: EP05R03 

Description 
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Project BBF703: Brevard County Shore Protection Project Mid-Reach 

COE Standard Report Selections 

Quantity UOM ContractCost 

644.04 

1.00 EA 644 

120.287.56 

1.00 EA 120,288 

119.346.25 

1.00 EA 119,346 

0.00 

1.00 EA 0 

297.28 

1.00 EA 297 

644.04 

1.00 EA 644 

560. 171.00 

1.00 EA 560,171 

556.949.15 

1.00 EA 556,949 

0.00 

1.00 EA 0 

1.65 

1.00 EA 2 

3.220.20 

1.00 EA 3,220 

282.021.84 

1.00 EA 282,022 

278.474.58 

1.00 EA 278,47S 

0.00 

1.00 EA 0 

327.06 

1.00 EA 327 

3.220.20 

1.00 EA 3,220 

171.894.06 

1.00 EA 171,894 

171.062.95 

Currency in US dollars 

T ime 13:07:29 

Projec t Cost Summary Rep011 Page 27 

Escalation Contingency ProjectCost CIO 
853.75 

so lOS 854 

159.454.35 

9,366 19,577 159,454 

158.206.53 

9,292 19,424 1S8,207 

0.00 

0 0 0 

394.07 

23 48 394 

853.75 

so lOS 854 

742.568.06 

43,615 91 ,168 742,568 

738.297. 14 

43,364 90,643 738,297 

0.00 

0 0 0 

2.19 

0 0 2 

4.268.73 

2Sl 524 4,269 

373.850.86 

21,9S8 4S,899 373,8Sl 

369.148.57 

21,682 4S,322 369,149 

0.00 

0 0 0 

433.56 

2S 53 434 

4.268.73 

251 524 4,269 

227.864.41 

13,384 27,976 227,864 

226.762.69 
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Foundation 1.00 EA 171,063 13,319 27,840 226,763 

0.00 0.00 

Frame Structures 1.00 EA 0 0 0 0 

187.06 247.97 

Concrete Block Structures 1.00 EA 187 IS 30 248 

644.04 853.75 

Load Debris 1.00 EA 644 so lOS 8S4 

291.359.96 386,229.56 

113S N. Hwy AlA 1.00 EA 291 ,360 22,68S 47,419 386,230 

290.409.20 384,969.22 

Foundation 1.00 EA 290,409 22,611 47,264 384,969 

0.00 0.00 

Frame Structures 1.00 EA 0 0 0 0 

306.72 406.59 

Concrete Block Structures 1.00 EA 307 24 so 407 

644.04 853.75 

Load Debris 1.00 EA 644 so 10S 8S4 

969,587.85 1.285.294.96 

Selective Demolition REACH 2 1.00 EA 969,588 7S,492 157,800 1,28S,29S 

969.587.85 1.285.294.96 

292S N. Hwy AlA 1.00 EA 969,588 7S,492 157,800 1,28S,295 

954.769.97 1.265,652.24 

Foundation 1.00 EA 9S4,770 74,338 1S5,389 1,265,652 

0.00 0.00 

Frame Structures 1.00 EA 0 0 0 0 

4.95 6.56 

Concrete Block Structures 1.00 EA 5 0 1 7 

14.812.93 / 9,636. / 6 

Load Debris 1.00 EA 14,813 1,153 2,411 19,636 

1.490. 714.64 1.976. 105.63 

Selective Demolition REACH 3 1.00 EA 1,490,715 116,066 242,614 1,976,106 

206.647.34 273.933.70 

1891 N. Hwy AlA 1.00 EA 206,647 16,089 33,632 273,934 

198.910.41 263,677.55 

Foundation 1.00 EA 198,910 15,487 32,373 263,678 
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Description Q uantity UOM Contract Cost Escalation Contingency ProjcctCost C/0 

8.44 11.19 

Concrete Block Structures 1.00 EA 8 1 I 11 

0.00 0.00 

Frame Structures 1.00 EA 0 0 0 0 

7.728.48 10.244.95 

Load Debris 1.00 EA 7,728 602 1,258 10,245 

163.036.98 216.123.38 

1901 N. Hwy A l A 1.00 EA 163,037 12,694 26,534 216,123 

159.128.33 210.942.04 

Foundation 1.00 EA 159,128 12,390 25,898 210,942 

0.00 0.00 

Frame Struct ures 1.00 EA 0 0 0 0 

44.41 58.87 

Concrete Block Structures 1.00 EA 44 3 7 59 

3,864.24 5.122.48 

Load Debris 1.00 EA 3,864 301 629 5,122 

1.121.030.32 1.486.048.55 

1923 N. Hwy AlA 1.00 EA 1,121,030 87,283 182,448 1,486,049 

1.113.898.30 1.476.594.28 

Foundation 1.00 EA 1,113,898 86,728 181,287 1,476,594 

0.00 0.00 

Frame Structures 1.00 EA 0 0 0 0 

47.57 63.06 

Concrete Block Structures 1.00 EA 48 4 8 63 

7.084.44 9.391.21 

Load Debr is 1.00 EA 7,084 552 1,153 9,391 

1.172.160.28 1.553.826.92 

Selective Demolition REACH 4 1.00 EA 1,172,160 91,264 190,769 1,553,827 

80.503.82 /06.716.64 

61 0 Ocean St. 1.00 EA 80,504 6,268 13,102 106,717 

79.564.16 105.471.02 

Foundation 1.00 EA 79,564 6,195 12,949 105,47 1 

0.00 0.00 

Frame Structures 1.00 EA 0 0 0 0 

295.61 391.87 
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Descl'iption Quantity UOM ContractCost Escalation Contingency ProjectCost C/0 
Concrete Block Structures 1.00 EA 296 23 48 392 

644.04 853.75 

Load Debris 1.00 EA 644 so lOS 8S4 

48.625.39 64.458.29 

620 Ocean St. 1.00 EA 48,62S 3,786 7,914 64,4S8 

47.738.50 63.282.61 

Foundation 1.00 EA 47,738 3,717 7,769 63,283 

0.00 0.00 

Frame Structures 1.00 EA 0 0 0 0 

242.85 321.93 

Concrete Block Structures 1.00 EA 243 19 40 322 

644.04 853.75 

Load Debris 1.00 EA 644 so lOS 8S4 

80.343.86 /06.504.59 

626 Ocean St. 1.00 EA 80,344 6,2S6 13,076 106,50S 

79.564.16 105.471.02 

Foundation 1.00 EA 79,S64 6,19S 12,949 105,47 1 

0.00 0.00 

Frame Structures 1.00 EA 0 0 0 0 

135.65 179.82 

Concrete Block St ructu res 1.00 EA 136 11 22 180 

644.04 853.75 

Load Debris 1.00 EA 644 so 10S 854 

80.337.67 /06.496.39 

630 Ocean St. 1.00 EA 80,338 6,2SS 13,07S 106,496 

79.564.16 105.471.02 

Foundation 1.00 EA 79,S64 6,19S I 2,949 10S,471 

0.00 0.00 

Frame Structures 1.00 EA 0 0 0 0 

129.47 171.62 

Concrete Block Structures 1.00 EA 129 10 21 172 

644.04 853.75 

Load Debris 1.00 EA 644 so l OS 8S4 

80.337.67 /06.496.39 

632 Ocean St. 1.00 EA 80,338 6,2SS 13,07S 106,496 

Labor 10: LB04NatFD EQ 10: EP05R03 Currency in US dollars TRACES Mil Vers ion 2.2 



Print Date Tue 17 October 2006 U.S. Army Corps of Engineers Time 13:07:29 
Eff. Date I 0116/2006 Project BBF703: Brevard County Shore Protection Project Mid-Reach 

COE Standard Report Selections Project Cost Summary Report Page 31 

Description Quantity UOM ContractCost Escalation Contingency Proj ectCost C/0 
79,564.16 105,471.02 

Foundation 1.00 EA 79,564 6,195 12,949 105,471 

0.00 ().()() 

Frame Structures 1.00 EA 0 0 0 0 
129.47 171.62 

Concrete Block Structures 1.00 EA 129 10 21 172 
644.04 853.75 

Load Debris 1.00 EA 644 50 105 854 

80.330.25 106.486.55 

634 Ocean St. 1.00 EA 80,330 6,254 13,074 106,487 

79.564.16 105.471.02 

Foundation 1.00 EA 79,564 6,195 12,949 105,471 

0.00 0.00 

Frame Structures 1.00 EA 0 0 0 0 

122.04 161.78 

Concrete Block Structures 1.00 EA 122 10 20 162 

644.04 853.75 

Load Debris 1.00 EA 644 50 105 854 

120.252.93 159,408.44 

715 Beach St. 1.00 EA 120,253 9,363 19,571 159,408 

119,346.25 158,206.53 

Foundation 1.00 EA 119,346 9,292 19,424 158,207 

0.00 0.00 

Frame Structu res 1.00 EA 0 0 0 0 

262.64 348./6 

Concrete Block Structures 1.00 EA 263 20 43 348 

644.04 853.75 

Load Debris 1.00 EA 644 50 105 854 

159.876.27 211.933.52 

721 Beach St. 1.00 EA 159,876 12,448 26,020 211,934 

159,128.33 2/0,942.04 

Foundation 1.00 EA 159,128 12,390 25,898 210,942 

0.00 0.00 

Frame Structures 1.00 EA 0 0 0 0 

103.90 137.73 
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Concrete Block Structures 1.00 EA 104 8 17 138 

644.04 853.75 

Load Debris 1.00 EA 644 so 10S 854 

120.300.35 159.471.29 

74S Beach St. 1.00 EA 120,300 9,367 19,579 159,471 

119,346.25 158.206.53 

Foundation 1.00 EA 119,346 9,292 19,424 158,207 

0.00 0.00 

Frame Structures 1.00 EA 0 0 0 0 

310.06 411.02 

Concrete Block Structures 1.00 EA 310 24 50 411 

644.04 853.75 

Load Debris 1.00 EA 644 50 105 854 

80.281.59 106,422.05 

785 Shell St. 1.00 EA 80,282 6,251 13,066 106,422 

79.564.16 105.471.02 

Foundation 1.00 EA 79,564 6,195 12,949 105,471 

0.00 0.00 

Frame Structures 1.00 EA 0 0 0 0 

73.39 97.29 

Concrete Block Structures 1.00 EA 73 6 12 97 

644.04 853.75 

Load Debris 1.00 EA 644 so 105 854 

80.303.13 106.450.60 

789 Shell St. 1.00 EA 80,303 6,252 13,069 106,451 

79,564.16 105,471.02 

Foundation 1.00 EA 79,564 6,195 12,949 105,471 

0.00 0.00 

Frame Structures 1.00 EA 0 0 0 0 

94.93 125.84 

Concrete Block Structures 1.00 EA 95 7 15 126 

644.04 853.75 

Load Debris 1.00 EA 644 50 105 854 

40,467.60 53,644.24 

795 Shell St. 1.00 EA 40,468 3,151 6,586 53,644 

Labor 10: LB04NatFD EQ 10: EP05R03 Currency in US dollars TRACES Mil Version 2.2 



Print Date Tue 17 October 2006 U.S. Army Corps of Engineers Time 13:07:29 
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Description Quantity UOM Contract Cost Escalation Contingency ProjectCost C/0 

39.782.08 52.735.51 

Foundation 1.00 EA 39,782 3,097 6,475 52,736 

0.00 0.00 

Frame Structures 1.00 EA 0 0 0 0 

4/.48 54.99 

Concrete Block Structures 1.00 EA 41 3 7 55 

644.04 853.75 

Load Debris 1.00 EA 644 50 105 854 

120.199.74 159.337.93 

797 Shell St. 1.00 EA 120,200 9,359 19,563 159,338 

/19,346.25 158.206.53 

Foundation 1.00 EA 119,346 9,292 19,424 158,207 

0.00 0.00 

Frame Structures 1.00 EA 0 0 0 0 

209.45 277.66 

Concrete Block Structures 1.00 EA 209 16 34 278 

644.04 853.75 

Load Debris 1.00 EA 644 so 105 854 

2, 142,197.99 2,839.718.22 

Selective Demolition REACH 5 1.00 EA 2,142,198 166,79 1 348,643 2,839,718 

239,336.95 317,267.35 

905 Hwy AlA 1.00 EA 239,337 18,635 38,952 3 17,267 

238.692.49 316,413.06 

Foundation 1.00 EA 238,692 18,585 38,847 3 16,413 

0.00 0.00 

Frame Structures 1.00 EA 0 0 0 0 

0.41 0.55 

Concrete Block Structures 1.00 EA 0 0 0 I 

644.04 853.75 

Load Debris 1.00 EA 644 so 105 854 

12/,374.8.~ 160.895.65 

1077 Hwy AlA 1.00 EA 121,375 9,450 19,754 160,896 

119.346.25 158.206.53 

Foundation 1.00 EA 119,346 9,292 19,424 158,207 

0.00 0.00 

Labor ID: LB04NatFO EQ 10: EPOSR03 Currency in US dollars TRACES Mil Version 2.2 



Print Date Tue 17 October 2006 
Eff. Date 10/16/2006 

Frame Structures 

Concrete Block Structures 

Load Debris 

1195 Hwy AlA 

Foundation 

Frame Structures 

Concrete Block Structures 

Load Debris 

10 Park Ave. 

Foundation 

Frame Structures 

Concrete Block Structures 

Load Debris 

5 Park Ave. 

Foundation 

Frame Structures 

Concrete Block Structures 

Load Debris 

Labor 10: LB04NatFD EQ 10: EP05R03 

Description 

U.S. Army Corps of Engineers 
Project BBF703: Brevard County Shore Protection Project Mid-Reach 

COE Standard Report Selections 

Quantity UOM ContractCost 

1.00 EA 0 

1.384.55 

1.00 EA 1,385 

644.04 

1.00 EA 644 

291.361.98 

1.00 EA 291,362 

278,474.58 

1.00 EA 278,475 

0.00 

1.00 EA 0 

6.60 

1.00 EA 7 

12.880.81 

1.00 EA 12,881 

40.533.42 

1.00 EA 40,533 

39.782.08 

1.00 EA 39,782 

0.00 

1.00 EA 0 

107.29 

1.00 EA 107 

644.04 

1.00 EA 644 

40.533.42 

1.00 EA 40,533 

39.782.08 

1.00 EA 39,782 

0.00 

1.00 EA 0 
/07.29 

1.00 EA 107 

644.04 

1.00 EA 644 

Currency in US dollars 

Time 13:07:29 

Project Cost Summary Report Page 34 

Escalation Contingency ProjectCost C/0 
0 0 0 

1,835.37 

108 225 1,835 

853.75 

50 105 854 

386.232.24 

22,685 47,419 386,232 

369.148.57 

21,682 45,322 369,149 

0.00 

0 0 0 

8.75 

I 1 9 
17.074.92 

1,003 2,096 17,075 

53.731.48 

3,156 6,597 53,731 

52.735.51 

3,097 6,475 52,736 

0.00 

0 0 0 

142.23 

8 17 142 

853.75 

50 105 854 

53.73/.48 

3,156 6,597 53,731 

52.735.51 

3,097 6,475 52,736 

0.00 

0 0 0 

142.23 

8 17 142 

853.75 

so 105 854 
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Description Quantity UOM ContractCost Escalation Contingency ProjectCost C/0 

422.956.95 560.675.79 

1273 Hwy AlA 1.00 EA 422,957 32,931 68,836 560,676 

397.820.82 527.355./0 

F oundation l.OO EA 397,821 30,974 64,745 527,355 

0.00 0.00 

Frame Structures 1.00 EA 0 0 0 0 

18.55 24.60 

Concrete Block Structures 1.00 EA 19 1 3 25 

25. 117.57 33.296.10 

Load Debris 1.00 EA 25,118 1,956 4,088 33,296 

206,642.61 273.927.42 

1369 Hwy AlA 1.00 EA 206,643 16,089 33,631 273,927 

198.910.41 263,677.55 

Foundation 1.00 EA 198,910 15,487 32,373 263,678 

0.00 0.00 

Frame Structur es 1.00 EA 0 0 0 0 

3.71 4.92 

C oncrete Block Structures 1.00 EA 4 0 1 5 

7.728.48 10.244.95 

Load Debris 1.00 EA 7,728 602 1,258 10,245 

325.352.65 431.290.59 

1385 N. Hwy AlA 1.00 EA 325,353 25,332 52,951 431,291 

318.256.66 421.884.08 

Foundation 1.00 EA 318,257 24,779 51,796 421,884 

0.00 0.00 

Frame Structures 1.00 EA 0 0 0 0 

11.54 15.30 

C oncrete Block Structures 1.00 EA 12 1 2 15 

7.084.44 9.391 .21 

Load Debris 1.00 EA 7,084 552 1,153 9,391 

413.286.45 547.856.48 

1425 Hwy AlA 1.00 EA 413,286 32,178 67,262 547,856 

397,820.82 527.355./0 

Foundation 1.00 EA 397,82 1 30,974 64,745 527,355 

0.00 0.00 

Labor ID: LB04NatFD EQ ID: EP05R03 Currency in US dollars TRACES Mil Version 2.2 
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Description Quantity UOM ContractCost Escalation Contingency Project Cost C/0 
Frame Structures 1.00 E A 0 0 0 0 

8.66 11.48 

Concrete Block Structures 1.00 E A 9 1 1 11 
15,456.97 20.489.91 

Load Debris 1.00 EA 15,457 1,203 2,516 20,490 

40.818.74 54.109.72 

Sand Castle Pool 1.00 EA 40,819 3,178 6,643 54,110 

40.170.79 53.250.79 

Foundation 1.00 EA 40,171 3,128 6,538 53,251 

0.00 0.00 

F rame Structures 1.00 EA 0 0 0 0 

3.91 5.18 

Concrete Block Structures 1.00 EA 4 0 1 5 

644.04 853.75 

Load Debris 1.00 EA 644 50 105 854 

4.246.852.07 5. 629.667.87 

Selective Demolition REACH 6 1.00 EA 4,246,852 330,658 691,175 5,629,668 

977.974.80 /,296.412. 79 

199 Hwy AlA (Oceanus I) 1.00 EA 977,975 76,145 159,165 1,296,413 

954.769.97 1.265.652.24 

Foundation 1.00 EA 954,770 74,338 155,389 1,265,652 

0.00 0.00 

F rame Structures 1.00 EA 0 0 0 0 

19.38 25.69 

Concrete Block Structures 1.00 EA 19 2 3 26 

23.185.45 30,734.86 

Load Debris 1.00 EA 23,185 1,805 3,773 30,735 

975.395.34 1.292,993.43 

199 Hwy AlA (Oceanus UI) 1.00 EA 975,395 75,944 158,746 1,292,993 

954.769.97 1.265,652.24 

Foundation 1.00 EA 954,770 74,338 155,389 1,265,652 

0.00 0.00 

Frame Structures 1.00 EA 0 0 0 0 

16.08 21.32 

Concrete Block Structures 1.00 EA 16 1 3 21 

Labor ID: LB04NatFD EQ ID: EP05R03 Currency in US dollars TRACES Mil Version 2.2 



Print Date Tue 17 October 2006 
Eff. Date I 0/16/2006 

Load Debris 

261 Ocean Residence Ct. 

Foundation 

Frame Structures 

Concrete Block Structures 

Load Debris 

307 Hwy AlA 

Foundation 

Frame Structures 

Concrete Block Structures 

Load Debris 

537 Hwy AlA 

Foundation 

Frame Structures 

Concrete Block Structures 

Load Debris 

553 Hwy AlA 

Labor ID: LB04NatFD EQ ID: EP05R03 

Description 

U.S. Anny Corps of Engineers 
Project BBF703: Brevard County Shore Protection Project Mid-Reach 

COE Standard Report Selections 

Quantity UOM ContractCost 

20.609.29 

1.00 EA 20,609 

560.940.80 

1.00 EA 560,941 

556,949.15 

1.00 EA 556,949 

0.00 

1.00 EA 0 

127.40 

1.00 EA 127 

3,864.24 

1.00 EA 3,864 

449,208.65 

1.00 EA 449,209 

437.602.90 

1.00 EA 437,603 

0.00 

1.00 EA 0 

/3.02 

1.00 EA 13 
/1 ,592.73 

1.00 EA 11,593 

641,666.03 

1.00 EA 641,666 

636.513.32 

1.00 EA 636,513 

0.00 

1.00 EA 0 

0.40 

1.00 EA 0 

5.152.32 

1.00 EA 5,152 

641.666.44 

1.00 EA 641,666 

636.513.32 

Currency in US dollars 

Time 13:07:29 

Project Cost Summary Report Page 37 

Escalation Contingency ProjectCost CIO 

27.319.87 

1,605 3,354 27,320 

743.588.51 

43,675 91,293 743,589 

738.297.14 

43,364 90,643 738,297 

0.00 

0 0 0 

168.89 

10 21 169 

5.122.48 

301 629 5,122 

595.475.30 

34,975 73,109 595,475 

580.090.61 

34,072 71,220 580,091 

0.00 

0 0 0 

17.26 

1 2 17 

/5,367.43 

903 1,887 15,367 

850,598.66 

49,960 104,431 850,599 

843,768.16 

49,559 103,593 843,768 

0.00 

0 0 0 

0.53 

0 0 1 

6.829.97 

401 839 6,830 

850.599.19 

49,960 104,431 850,599 

84.U68.16 

TRACES Mil Version 2.2 
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Description Quantity UOM ContractCost Escalation Contingency Project Cost C/0 

Foundation 1.00 EA 636,513 49,559 103,593 843,768 

0.00 0.00 

Frame Structures 1.00 EA 0 0 0 0 

0.80 1.06 

Concrete Block Structures 1.00 EA 1 0 0 1 

5.152.32 6.829.97 

Load Debris 1.00 EA 5,152 401 839 6,830 

Non-construction Cost 1.00 LS 65,684,000 0 0 65,684,000 

PROPERTY PURCHASE 1.00 LS 65,684,000 0 0 65,684,000 

Land & Structures 1.00 LS 65,684,000 0 0 65,684,000 

Ad min 1.00 LS 0 0 0 0 

Labor 10: LB04NatFD EQ I D: EP05R03 Currency in US dollars TRACES Mil Version 2.2 
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APPENDIX C 
 
1.  Statement of Purpose.  This Real Estate Plan is for the 
General Reevaluation Report for the Brevard County, Florida, Mid 
Reach Segment Shore Protection Project.  This Real Estate Plan is 
only for planning purposes and both the final real property 
acquisition lines and estimates of value are subject to change 
even after approval of this report. 
 
2.  Project Authorization.   
 
 The GRR Study was authorized under the Water Resources 
Development Act of 2000, Public Law 106-541, Section 418.  
Brevard County, Florida: 
 
The Secretary shall prepare a general re-evaluation report on the 
project for shoreline protection, Brevard County, Florida, 
authorized by Section 101(b)(7) of the Water Resources 
Development Act of 1996 (110 Stat. 3667), to determine, if the 
project were modified to direct the Secretary to incorporate in 
the project any or all of the 7.1-mile reach of the project that 
was deleted from the south reach of the project, as described in 
paragraph (5) of the Report of the Chief of Engineers, dated 
December 23, 1996, whether the project as modified would be 
technically sound, environmentally acceptable, and economically 
justified. 
 
3.  Project Location and Description.   

 a. The Brevard County (Mid - Reach) Shore Protection 
Project is located on Florida’s Atlantic coast.  The Mid Reach 
consists of approximately 7.8 miles of the Brevard County 
shoreline, from the south end of Patrick Air Force Base to just 
north of Indialantic, Florida(R-75.4 – R-118.3). 
 
 b. The recommended plan consists of a dune fill and a 10-
foot extension of the mean high water line plus advanced 
nourishment to maintain that design fill volume in Reach 1 (R-119 
to R-109),a dune fill and a 20-foot extension of the mean high 
water line plus advanced nourishment to maintain that design fill 
volume in Reaches 2 and 3 (R-109 to R-99), a dune fill and a 10-
foot extension of the mean high water line plus advanced 
nourishment to maintain that design fill volume in Reaches 4 and 
5 (R-99 to R-83), and a dune fill with no added advanced 
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nourishment in Reach 6 (R-83 to R-75.4).  Fill will be 
accomplished by rehabilitating the Poseidon dredged material 
management area (DMMA) at Port Canaveral, dredging material from 
Canaveral Shoals with placement into the Poseidon DMMA every 6 
years, and hauling by dump truck to the Mid-Reach for placement 
on the beach at approximately 3 year intervals.  The 
renourishment volume is approximately 164,000 cubic yards.  The 
recommended plan offers erosion protection ranging from a 5-year 
storm level to a 75-year storm, varying along the length of the 
Mid-Reach.  The plan includes 3.0 acres of environmental impact 
to the nearshore rock resources, following minimization of the 
impacts as much as possible while still offering maximum storm 
damage reduction.  Mitigation for impacts due to direct and 
indirect cover of the nearshore rock is included in the 3.0 acre 
impact, however, 1.4 acres is expected to include some temporal 
variation as the advanced nourishment erodes.  The recommended 
plan includes impacts in Reaches 1 to 5 and no impact in Reach 6. 
 The area impacted is on the landward edge of the nearshore rock, 
resulting in the small width of rock impacted but over the whole 
length of Reach 1 to 5.  The calculated impact acreage is 3.0 
acres out of the total of 31.3 acres of nearshore rock in the 
Mid-Reach study area.  The nearshore rock seaward of the fill 
area will not be impacted.  The mitigation quantity is calculated 
from the UMAM ratio of 1.6 mitigation acres required for every 
acre of natural rock impacted, resulting in a required mitigation 
of 4.8 acres. 
 
4.  Locally Owned Land. 
 
 The local sponsors, Brevard County owns three parks within 
the project area and are known as Sea Gull Park, Pelican Beach 
Park and SPRA Park.  The County also owns approximately 20 public 
beach access points within the area. 
 
5.  Government-Owned Land. 
 
 The proposed Poseidon Stockpile Site is owned by Patrick Air 
Force Base. 
 
6.  Navigational Servitude. 
 
 Although the Federal Government has the right to use 
navigational servitude, it was agreed that the local sponsor will 
obtain all permissions to use submerged lands from the State of 
Florida.  
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7.  Real Estate Requirements. 
 
 a.  Material placed upon public lands seaward of the 
proposed ECL will require a Consent of Use from the State of 
Florida.  The Consent of Use basically grants the rights to place 
material on state-owned submerged lands in accordance with the 
beach nourishment plans submitted with the application for an 
erosion control line.  Also included in this document is the use 
of any submerged borrow areas and/or pipeline corridors.  Usually 
the State of Florida only gives a ten (10) year time limit for 
use of submerged lands. 
 
 b.  Perpetual Storm Damage Reduction Easements will be 
required for approximately 95 acres and 198 parcels located 
landward of the proposed ECL.  A list of parcels can be located 
within the Economics section of this report.  The non-Federal 
sponsor must acquire perpetual storm damage reduction easement 
estate for all placement areas, dune/vegetation areas and all 
accesses to the beach.  These properties need to be open to the 
public equally. 
 
 c.  The borrow area, Canaveral Shoals II (CSII), is located 
approximately 20 miles north-northeast of the Mid Reach and 9.4 
miles east of proposed Poseidon stockpile site.  As the borrow 
area is located within the Federal Waters of the United States, 
the Corps of Engineers will enter into a Memorandum of Agreement 
(MOA) with the United States Mineral Management Service (MMS). 
 
 d.  The Appraiser has determined that the value of the lands 
needed for easement purposes are assessed at zero.  Erodable land 
that is to be protected by the Federal project is valued at zero 
as it will be enhanced post-project.  Federal regulations state 
that “shore protection projects will generally be treated in a 
manner as to not allow credit for lands when the project provides 
direct benefits such as prevention of erosion or re-establishment 
of beaches”. 
 
 e. The nearshore upland values are used to determine 
economical benefits of the project and can be found in the 
economics section. In accordance to the project purpose, no land 
will be lost with this project. 
 
 f.  Staging areas have not been identified at this time, but 
will require a temporary work area easement if not located within 
the perpetual storm damage reduction easement area. 
 
 g.  Permits from the Department of the Air Force will be 
required for the stockpile area located on Cape Canaveral Air 
Station.  The permit will be between U.S. Army Corps of Engineers 
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and U.S. Air Force, Patrick Air force Base. An automatic renewal 
of this permit will be requested, so that it can continue for 
project life. 
 
8.  Non-Federal Operation/Maintenance Responsibilities. 
 
 The non-Federal sponsors will operate and maintain the 
project for the project life.  Future periodic nourishments are 
considered construction and will be performed as part of the 
Federal project. 
 
9.  Non-Federal Authority to Participate in the Project. 
 
 a.  Brevard County, Florida, is the non-Federal sponsor of 
the project and is a political subdivision of the State of 
Florida as provided by Article 8, Section 1 of the Florida 
Constitution. 
 
 b.  Counties of Florida are empowered by Florida Statutes 
125.001 to "Establish and administer programs of ...flood and 
beach erosion control..."  By Chapter 127, counties are empowered 
to exercise eminent domain powers for any county purpose except 
certain restrictions apply on recreational projects. 
 
10.  Minerals. 
 
 There are no known minerals of value in the project area. 
 
11.  Hazardous and Toxic Wastes (HTW). 
 
There have been no hazardous or toxic wastes identified within 
the project area. 
 
12.  Relocation Assistance Payments (Public Law 91-646). 
 
 No persons or business will require relocation.   
 
13.  Structures and Facilities. 
 
 There are no structures and facilities to be damaged as part 
of the Federal project. 
 
14.  Summary of Real Estate Costs. 
 
 a. Lands:  
   Lands:        0 
   Improvements:              0 
   Severance Damages:                  0 
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   Minerals:                    0 
  Total Lands and Damages    $      0 
 
 b.  Acquisition/Administrative             
   Federal          10,000 
   Non-Federal         60,000 
 
 c.  Public Law 91-646             0 
 
 d.  Contingencies (25%)       17,500 
 
 e.  Total Real Estate Cost   $  87,500 
 
(NOTE:  We anticipate a temporary staging area will be needed, 
but has not been identified at this time.  If this area is 
located outside the project footprint a gross appraisal will be 
required.) 
 
15.  Real Estate Acquisition Schedule. 
 
 The Project Partnership Agreement (PPA) will be fully 
executed on October 10, 2010 with advertisement on April 4, 2011. 
If the local sponsor acquires the land prior to the fully 
executed PPA, they may be at risk to receive crediting for 
administrative costs (scheduled dates as of October 2008). 
 
 At this time landowners have not been contacted in the area, 
however it is expected for this project to be supported by many 
and not supported by others.  Patrick Air Force Base supports the 
project. 
 
 If the non-Federal sponsor cannot acquire LERRD required for 
the project in a timely fashion or has difficulty in acquiring 
the required estate, the non–Federal sponsor can request in 
writing that the Government acquire LERRD on its behalf.  In such 
event, the decision to acquire LERRD on behalf of the non-Federal 
sponsor lies within the sole discretion of the Government. 
 
 NOTE: The above statement is added to the report to receive 
the approval authority to acquire such necessary LERRD’s by 
condemnation for the non-Federal sponsor if it requests the 
Federal Government to do so. The local sponsor was able to 
acquire parcels by condemnation for another reach, but State 
Court only allowed a 50 year easement.  Due to Corps of Engineers 
requiring perpetual the County may request we condemn. 
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16.  Standard Estates to be Acquired. 
 
See Real Estate Requirements for what lands need what estate. 
 
PERPETUAL BEACH STORM DAMAGE REDUCTION EASEMENT 
 
 A perpetual and assignable easement and right-of-way in, on, 
over and across (the land described in Schedule A) (Tracts No. 
___), for use by the Project Sponsor, its representatives, 
agents, contractors and assigns, to construct; preserve; patrol; 
operate; maintain; repair; rehabilitate; and replace; a public 
beach (a dune system) and other erosion control and storm damage 
reduction measures together with appurtenances thereto, including 
the right to deposit sand; to accomplish any alterations of 
contours on said land; to construct berms (and dunes); to nourish 
and renourish periodically; to move, store and remove equipment 
and supplies; to erect and remove temporary structures; and to 
perform any other work necessary and incident to the 
construction, periodic renourishment and maintenance of the 
Brevard County, Florida, Mid Reach Segment, together with the 
right of public use and access; (to plant vegetation on said 
dunes and berms; to erect, maintain and remove silt screens and 
snow fences; to facilitate preservation of dunes and vegetation 
through the limitation of access to dune areas;) to trim, cut, 
fell, and remove from said land all trees, underbrush, debris, 
obstructions, and any other vegetation, structures and obstacles 
within the limits of the easement (except _________); (reserving, 
however, to the grantor(s), (his) (her) (its) (their) (heirs), 
successors and assigns, the right to construct dune overwalk 
structures in accordance with any applicable Federal, State or 
local laws or regulations, provided that such structures shall 
not violate the integrity of the dune in shape, dimension or 
function, and that prior approval of the plans and specifications 
for such structures is obtained from the (designated 
representative of the Project Sponsor) and provided further that 
such structures are subordinate to the construction, operation, 
maintenance, repair, rehabilitation and replacement of the 
project; and further) reserving to the grantor(s), (his) (her) 
(its) (their) (heirs), successors and assigns all such rights and 
privileges as may be used and enjoyed without interfering with or 
abridging the rights and easements hereby acquired; subject 
however to existing easements for public roads and highways, 
public utilities, railroads and pipelines. 
 
TEMPORARY WORK AREA EASEMENT   
 
 A temporary easement and right-of-way in, on, over and across 
(the land described in Schedule A) (Tracts Nos. ___ and ___), for 
a period not to exceed ____________, beginning with date 
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possession of the land is granted to the Project Sponsor, for use 
by the United States, its representatives, agents, and contractors 
as a (borrow area) (work area), including the right to (borrow 
and/or deposit fill, spoil and waste material thereon) (move, 
store and remove equipment and supplies), and erect and remove 
temporary structures on the land and to perform any other work 
necessary and incident to the construction of the Brevard County, 
Florida, Project, Mid Reach Segment together with the right to 
trim, cut, fell and remove therefrom all trees, underbrush, 
obstructions, and any other vegetation, structures, or obstacles 
within the limits of the right-of-way; reserving, however, to the 
landowners, their heirs and assigns, all such rights and 
privileges as may be used without interfering with or abridging 
the rights and easement hereby acquired; subject, however, to 
existing easements for public roads and highways, public 
utilities, railroads and pipelines 
 
17.  Map. 
 
 A real estate map and parcel list of the proposed project 
area is included with this appendix as Enclosures 1 & 2. 
 
 
 
18.  Chart of Accounts. 
 
01  Lands and Damages    $     0 
 
01B00    Acquisition/Administrative 
   Federal      $10,000 
   Non-Federal     $60,000 
 
Total Real Estate Total w/o cont.     $  70,000 
Total Real Estate Contingencies (25%)     $  17,500 
 
Total Real Estate Costs        $  87,500 
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Enclosure 1 
 
Site Name Street Number Parcel Number 
   
REACH 6   
   
Pineda  Phase I 101 Hwy A1A 26372300-00011 
Pineda Phase II 155 Hwy A1A 26372300-00013 
Pineda Phase III 175 Hwy A1A 26372300-00015 
Oceanus I 199 Hwy A1A 26372300-00004 
Oceanus III 199 Hwy A1A 26372300-00004 
Sandpiper Towers I 205 Hwy A1A 26372300-00772 
Flores de Playa 245 Hwy A1A 26372300-00751 
Ocean Residence North 261 Ocean Residence Ct 26372379-00001 
Opal Seas 275 Hwy A1A 26372300-00752 
Park - State of FL 285 Hwy A1A 26372300-00753 
Sea Gull Park - Brevard County  26372300-00754 
Silver Sands I 295 Hwy A1A 26372300-00755 
Silver Sands II 297 Hwy A1A 26372300-00756 
Sea Breakers 307 Hwy A1A 26372300-00769 
Horizon II 401 Hwy A1A 26372300-00781 
Horizon I 403 Hwy A1A 26372300-00779 
Horizon III 405 Hwy A1A 26372300-00783 
Horizon IV 407 Hwy A1A 26372600-00004 
SPRA Park - Brevard County 501 Hwy A1A 26372600-00005 
Las Brisas I 537 Hwy A1A 26372600-00004 
Las Brisas II 553 Hwy A1A 26372600-00008 
Monaco Condo 571 Hwy A1A 26372602-00000 
Monaco Condo  26372602-00000 
Monaco Condo 579 Hwy A1A 26372603-00000 
Monaco Condo  26372603-00000 
TIITF - State of FL  26372600-00025 
City of Satellite Beach  26372600-00010 
Brevard County  26372600-00026 
Brevard County 815 Hwy A1A 26372600-00751 
City of Satellite Beach North part of parcel 26372600-00750 
   
REACH 5   
   
City of Satellite Beach South Part of Parcel 26372600-00750 
TIITF - State of FL  26372600-00763 
New House 905 Hwy A1A 26372600-00762 
Vacant  26372600-00760 
Majesty Palm Condo 925 Hwy A1A 26372600-00761 
Vacant 951 Hwy A1A 26372600-00759 
Paradise Beach Club 975 Hwy A1A 26372600-00753 
Oceana Beach Club 1035 Hwy A1A 26373500-00003 
New House 1055 Hwy A1A 26373500-00012 
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Drug Store 1077 Hwy A1A 26373500-00007 
The Oceans 1085 Hwy A1A 26373500-00004 
The Buccaneer Club I 1125 Hwy A1A 26373501-00001 
The Buccaneer Club II 1125 Hwy A1A 26373501-00001 
The Buccaneer Condo Apts 1175 Hwy A1A 26373501-00006 
Seamark 1195 Hwy A1A 26373501-00006 
Las Olas 1215 Hwy A1A 26373500-00763 

House 10 Park Ave 
26373578-0000A0-

0001 
Park Avenue Public R.O.W.  

House 5 Park Ave 
26373578-0000B0-

0001 
Sand Castle Condo 1273 Hwy A1A 26373500-00801 
Sand Castle - pool  26373500-00758 
New Construction  26373500-00756 
City of Satellite Beach easement? 263735EA-00001 
La Colonnade Condo 1303 Hwy A1A 263735EA-0000A-1 
La Playa East - pool,   263735EA-0000A-4 
La Playa East Condo 1343 Hwy A1A 263735EA-0000A-5 
TIITF - State of FL  263735EA-0000A-7 
Misty Shore 1369 Hwy A1A 263736EA-0000A-9 
Summer Cove 1385 Hwy A1A 263736EB-0000C-1 
Reflections 1395 Hwy A1A 263736EB-0000C.A-0 
City of Satellite Beach public access 263736EB-0000C.3-0 
Emerald Shores 1405 Hwy A1A 2737011A-00201 
Sea Villa 1425 Hwy A1A 27370100-00264A-0 
East Wind II 1455 Hwy A1A 27370100-00335.6-0 
East Wind I 1465 Hwy A1A 27370100-00333.0-0 
Brevard County 1495 Hwy A1A 27370100-00258.1-0 
Brevard County - Pelican Beach 
Park 1525 Hwy A1A 27370100-00258.0 
   
REACH 4   
   
Brevard County - Pelican Beach 
Park 1525 Hwy A1A 27370100-00258.0 
Brevard County  27370100-00270 
Brevard County  27370100-00268 
City of Satellite Beach  27370100-00265 
City of Satellite Beach  27370100-00272 
Ocean Royale 1595 Hwy A1A 27370100-00275.A-0 
Magnolia Ave public R.O.W.  
House 610 Ocean Street 27370150-0000A-1 
House 620 Ocean Street 27370150-0000A-3 
House 626 Ocean Street 27370150-0000A-4 
Townhouse 630 Ocean Street 27370150-0000A-5 
Townhouse 632 Ocean Street 27370150-0000A-5.01 
Townhouse 634 Ocean Street 27370150-0000A-6 
House 638 Ocean Street 27370150-0000A-7 
House 640 Ocean Street 27370150-0000A-9 
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House 648 Ocean Street 27370150-0000A-11 
Magellan Ave public R.O.W.  
House 1655 Hwy A1A 27370150-00001.0-1 

House  
27370150-00001.0-

3.01 
House 1683 Hwy A1A 27370150-00001.0-6 
House 1687 Hwy A1A 27370150-00001.0-8 
City of Satellite Beach  27370150-0000B.0-11 
Sunrise Ave public R.O.W.  
City of Satellite Beach  27370150-0000C-1 
House 715 Beach Street 27370150-0000C-5 
House 721 Beach Street 27370150-0000C-6 
House 725 Beach Street 27370150-0000C-8 
House 735 Beach Street 27370150-0000C-10 
House 745 Beach Street 27370150-0000C-11 
Palmetto Ave public R.O.W.  
City of Satellite Beach  27370150-0000D-1 
City of Satellite Beach  27370150-0000D-2 
House 785 Shell Street 27370150-0000D-6 
House 789 Shell Street 27370150-0000D-8 
House 795 Shell Street 27370150-0000D-10 
House 797 Shell Street 27370150-0000D-11 
Volunteer Way public R.O.W.  
Lantana Condo 1791 Hwy A1A 27371232-00000-1 
Lantana Condo 1791 Hwy A1A 27371232-00000-1 
Lantana Condo 1791 Hwy A1A 27371232-00000-1 
Lantana Condo 1791 Hwy A1A 27371232-00000-1 
City of Indian Harbour Beach Bicentennial Park 27371200-00260 
City of Indian Harbour Beach Bicentennial Park 27371227-0000A-1 
   
REACH 3   
   
Ocean Dunes Drive public R.O.W.  
Aloha Condo 1891 Hwy A1A 27371227-0000B-1 
SatCom Direct 1901 Hwy A1A 27371227-0000B-6 
The Christal II 1907 Hwy A1A 27371227-0000B-7 
The Christal I 1919 Hwy A1A 27371227-0000B-11 
Seashore Estates I 1923 Hwy A1A 27871227-0000B-15.01 
Seashore Estates Access 1923 Hwy A1A 27871227-0000B-19.01 
TIITF - State of FL  27371200-00585 

Golden Palm 1941 Hwy A1A 
27371200-00500.9-

0201 
Serena Shores II 2025 Hwy A1A 27371200-00586A 
Serena Shores I 2035 Hwy A1A 27371200-00500A 
Indian Harbour Bch Club 2055 Hwy A1A 27371200-00501.1 
Somerset Condo 2065 Hwy A1A 2737121B-00000-1 
Somerset Condo 2065 Hwy A1A 2737121B-00000-1 
Somerset Condo 2065 Hwy A1A 2737121B-00000-1 
Somerset Condo 2065 Hwy A1A 2737121B-00000-1 
Oceanique Condo II 2105 Hwy A1A 27371200-00516.M 
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Oceanique Condo pool 2105 Hwy A1A 27371200-00516 
Oceanique Condo I 2105 Hwy A1A 27371200-00516.A 
City of Indian Harbour Beach Millenium Park 27371200-00587 
City of Indian Harbour Beach Millenium Park 27371200-00584 
Gardenia Condo 2195 Hwy A1A 27371300-00001.1-1 
Ocean Walk Condo 2225 Hwy A1A 27371300-00006 
Brevard County Community Center 2289 Hwy A1A 27371300-00003 
Wallace Ave public R.O.W.  
TIITF - State of FL Canova Beach Park 27371301-00001 
Eau Gallie Blvd Canova Beach Park  
TIITF - State of FL Canova Beach Park - 3299 Hwy A1A 27371302-00001-1 
   
REACH 2   
   
Melbourne Ocean Club Condo 3101 N. Hwy A1A 27371302-00001-12 
Brevard County  27371375-00001-2.01 
Vacant  27371375-0001-3 
Hilton Hotel 3003 N. Hwy A1A 27371300-00753 
Villa Riviera 2925 N. Hwy A1A 27371376-00000-1.01 
Coral Palms 2875 N. Hwy A1A 27371376-0000-4.01 
Club Residence 2855 N. Hwy A1A 27371300-00754.1 
Sandy Kaye 2835 N. Hwy A1A 27371378-00001-2.01 
Silver Palms 2805 N. Hwy A1A 2737131A-00201 
Beach Access easement  
Vacant  27371300-00755.1 
Vacant  27371300-00755.0 
Ocean Sands N 2727 N. Hwy A1A 27371300-00789 
Ocean Sands S 2725 N. Hwy A1A 27371300-00792 
Holiday Inn 2605 N. Hwy A1A 27371300-00759 
   
   
REACH 1   
   
Brevard County beach access 27372400-00056 
TIITF - State of FL  27372400-00005 
TIITF - State of FL  27372400-00037 
Brevard County Paradise Beach Park 27372400-00009 
Brevard County Paradise Beach Park 27372400-00010 

Brevard County 
2301 N. Hwy A1A - Paradise Beach 
Park 27372400-00011.1 

House 2175 N. Hwy A1A 27372475-00001-1 
House 2165 N. Hwy A1A 27372475-00001-2 
House 2155 N. Hwy A1A 27372475-00001-3 
House 2145 N. Hwy A1A 27372475-00001-4 
House 2135 N. Hwy A1A 27372475-00001-5 
House 2125 N. Hwy A1A 27372475-00001-6 
House 2115 N. Hwy A1A 27372475-00001-7 
House 2105 N. Hwy A1A 27372475-00001-8 
House 2095 N. Hwy A1A 27372475-00001-9 
House 2085 N. Hwy A1A 27372475-00001-10 
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House 2075 N. Hwy A1A 27372475-00001-11 
House 2065 N. Hwy A1A 27372475-00001-12 
House 2055 N. Hwy A1A 27372475-00001-13 
House 2045 N. Hwy A1A 27372475-00001-14 
beach access   
House 2035 N. Hwy A1A 27372475-00001-15 
House 2025 N. Hwy A1A 27372475-00001-16 
House 2015 N. Hwy A1A 27372475-00001-17 
House 2005 N. Hwy A1A 27372484-0000A-1 
Vacant  27372484-0000A-2 
House 1965 N. Hwy A1A 27372484-0000A-3 
House 1955 N. Hwy A1A 27372484-0000A-4 
House 1945 N. Hwy A1A 27372484-0000A-5 
beach access   
House 1935 N. Hwy A1A 27372484-0000A-6 
House 1925 N. Hwy A1A 27372484-0000A-7 
House 1915 N. Hwy A1A 27372484-0000A-8 
House 1905 N. Hwy A1A 27372484-0000A-9 
House 1885 N. Hwy A1A 27372484-0000A-10 
House 1875 N. Hwy A1A 27372484-0000A-11 
The Barringer Condo I 1835 N. Hwy A1A 27372490-00000-1 
The Barringer II 1845 N. Hwy A1A 27372491-00000-1 
Casa Blanca Inn 1805 N. Hwy A1A 273725EV-00000-1 
Bella Vista 1755 N. Hwy A1A 27372513-00000-1 
Apartments 1745 N. Hwy A1A 273725EV-00000-4 
Blue Seas Apts. 1725 N. Hwy A1A 273830EV-00000-5 

Ocean Park Condo 1665 N. Hwy A1A 
273830EN-00000-

16.01 

Brevard County access 
273830EN-00000-

16.02 
Vacant  273830EN-00000-15 
Sea Pearl Condo 1575 N. Hwy A1A 27383027-00000-1 

Brevard County access 
273830EN-00000-

12.01 

Outrigger 1555 N. Hwy A1A 
273830EN-00000-

11.01 
Majestic Shores 1525 N. Hwy A1A 27383026-00000-1 
Brevard County access  
Claridge Condo 1515 N. Hwy A1A 273830EN-00000-7 
Royal Palms 1505 N. Hwy A1A 2738301A-00201 
Vacant  273830EN-00000-4 
Brevard County access  
The Dunes 1415 N. Hwy A1A 273830EN-00000-1 
Jade Palm 1345 N. Hwy A1A 27383052-00000-1 
Brevard County access  
House 1315 N. Hwy A1A 27383050-00000-28 
House 1245 N. Hwy A1A 27383050-00000-29 
House 1235 N. Hwy A1A 27383050-00000-31 
Brevard County access  
House 1225 N. Hwy A1A 27383050-00000-32 
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House 1215 N. Hwy A1A 27383050-00000-33 
Coral Reef Condo 1177 N. Hwy A1A 27383050-00000-34 
House 1163 N. Hwy A1A 27383050-00000-36 
TIITF - State of FL 1137 N. Hwy A1A 273830EW-000A-15 
Brevard County access  
House 1135 N. Hwy A1A 273830EW-000A-14 
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Appendix D 
 

Public Use Determination and Cost Allocation 
Brevard County, Florida Shore Protection Project 

Mid-Reach Segment 
 
 
 
INTRODUCTION 
 
1. Federal participation in shore protection projects is limited to shorelines open to 
public use.  Guidance is provided in ER 1105-2-100 wherein user fees, parking, 
access, beach use by private organizations, and public shores with limitations are 
addressed (E-24.d).  Federal participation is further defined by project purpose, 
either hurricane and storm damage reduction or recreation, and by shoreline 
ownership.  Shoreline ownership is separated into lands that are Federally owned, 
publicly and privately owned, and privately owned with limited use, as shown in 
Table 1.  More specific guidance is provided in ER 1165-2-130 on what constitutes 
sufficient parking. 
 

Table 1:  Shore Ownership and Levels of Federal Participation 
 

 
 

Shore Ownership and Project 
Purpose or Benefits 

Maximum Level of 
Federal Participation 
in Initial Construction 

Maximum Level of 
Federal Participation 

in OMRR&R 
   

I. Federally Owned   
HSDR on Developed Lands 100% 100% 
HSDR on Undeveloped Lands 100% 100% 
Recreation (Separable costs) 100% 100% 

   
II. Publicly and Privately Owned 
(public benefits) 

  

HSDR on Developed Lands 65% 0% 
HSDR on Undeveloped Lands   

Public Lands 50% 0% 
Private Lands 0% 0% 

Recreation (Separable costs) 50% 0% 
   
III. Privately Owned (limited use)   

HSDR on Developed Lands 0% 0% 
HSDR on Undeveloped Lands 0% 0% 
Recreation (Separable costs) 0% 0% 
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THE BASIC METHODOLOGY OF THE STUDY 
 
2. In order to evaluate the Brevard County Mid-Reach study area, available 
information was gathered from existing reports, aerial photography, Brevard County 
sources and field reconnaissance.  The public use of the shoreline was addressed 
first to determine the level of Federal participation, then secondly the shoreline 
ownership.  Each of the major areas of study is discussed in the following 
paragraphs.   

 
USER FEES 
 
3. Reasonable user fees are acceptable for beach recreation use when used to 
offset the local share of project costs.  Field reconnaissance of the study area did 
not find any user fees in order to access the study area. 
 
PARKING 
 
4. Lack of sufficient parking facilities for the general public (including nonresident 
users) located reasonably near and accessible to the project beaches may 
constitute a restriction on public access and use.  Parking on a free or reasonable 
basis must be within a reasonable walking distance of a pedestrian access to the 
beach.  Public transportation may also be used to augment parking facilities 
provided there is supporting evidence that the public transportation system is 
adequate for the needs of beach users.  Specific guidance from ER 1165-2-130 
states that “parking should be sufficient to accommodate the lesser of the peak hour 
demand or the beach capacity” (par. h(2)).   
 
5. Parking was verified by field visit on October 19, 2005.  Aerial photos were 
consulted for possible access points and field verified.  The number of parking 
spaces were estimated as closely as possible.  The parking areas noted during the 
field visit are listed in Table 2 for a total of 830 spaces.   
 
6. Public transportation routes were noted during the field visit.  Discussion with 
Brevard County yielded publicly available information on bus routes adjacent to the 
project area.  The parking analysis includes a reduction in users to account for users 
that arrive via public transportation or other means. 
 
7. The amount of parking was analyzed compared to user demand and beach 
capacity.  Information for this analysis was found in the report completed by Olsen 
Associates, Inc. titled “Brevard County, Florida, Federal Shore Protection Project, 
Mid-Reach, Economic Analysis of Incidental Project Benefits, June 22, 2006” 
(Economics Appendix).  The analysis provided estimates of beach user demand in 
the Mid-Reach at the projected end of construction in 2010 at 15,075 visits per day 
for the use category that includes peak weekend days that account for 88.3% of 
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peak demand.   To compute the number of parking spaces required to bring that 
number of people to the beach, some additional factors come into play.  Notional 
visitors are those that access the beach on foot, on bike, or are dropped off by cars 
or city buses.  Following the analysis used in the incidental benefit calculations, a 
notional factor is used, equating to 60.5% of beach users that do not use parking 
and 39.5% of users that depend on parking.  The number of people traveling by car 
is further reduced by assuming four people ride in each car and each space can be 
used twice per pay, thus each parking space provides daily capacity for eight users 
per day.  This results in the need for 744 spaces in 2010 in order to meet demand, 
as shown in Table 3. 
 

Table 2:  Parking Spaces of Brevard County Mid-Reach 

Park Name
Nearest Cross 
Street

Nearest DEP 
Monument

Number of 
Spaces

Patrick AFB State Hwy 404 R-75 50
Sea Gull Park 1st R-78 20
SPRA Park  Berkeley Rd R-80 50

Patrick Road R-82 20
Grant Ave halfway R-87 to R-88 23
Park R-89 4

Pelican Beach Park Royal Palm R-93 170
Desoto - Magnolia R-95 11
Magellan R-95 12
Sunrise R-96 12
Palmetto R-97 25
Volunteer Way R-97 6

Bicentennial Park Ocean Dunes R-99 42
Palm Springs R-101 2
Atlantic R-102 12

Millenium Park Golden Beach R-103 25
Wallace R-104 20

Canova Beach Park Eau Gallie R-105 65
Oceanside R-106 18
Coral Way East R-108 6
Harris R-109 6

Paradise Beach Park Paradise R-111 225
Terrace Shores R-116 6

Sum 830  
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Table 3:  User Demand Parking Spaces 

Year

User 
Demand 
(persons)

39.5% that Park 
(persons)

Number of parking spaces    
(8 users per space)

2010 15,075 5,955 744  
 
8. Although the user demand is calculated independent of construction of a shore 
protection project, the parameter of beach capacity is dependent on the shore 
protection alternative recommended for construction.  The incidental benefit analysis 
included the suite of alternatives under consideration.  For this verification of public 
use, only the NED plan is described.  For the NED plan of beachface fill with a 10-
foot mean high water extension in Reaches 1 and 5, a 20-foot mean high water 
extension in Reach 2, a 30-foot mean high water extension in Reach 3, and a dune 
fill in Reaches 4 and 6, the calculated beach area is 4,083,290 square feet.  This 
value accounts for the dry beach area between the vegetation line and the mean 
high water line for the length of the Mid-Reach, unconstrained by beach access.  
Beach capacity is then calculated assuming each person needs 100 square feet of 
space, resulting in a total number of possible persons at 40,833, as shown in Table 
4.  To compute the number of parking spaces required to bring that number of 
people to the beach, the notional visitor percentage and number of persons per 
space are applied.  Notional visitors are those that access the beach on foot, on 
bike, or are dropped off by cars or city buses.  Following the analysis used in the 
incidental benefit calculations, a notional factor is used, equating to 60.5% of beach 
users that do not use parking and 39.5% of users that depend on parking.  Using 
the same percentages, 39.5% of the total beach users of 40,833 equals 16,129 
people traveling by car.  The number of people traveling by car is further reduced by 
assuming four people ride in each car and each space can be used twice per pay, 
thus each parking space provides daily capacity for eight users per day.  Dividing 
16,129 people by 8 equals 2,016 parking spaces that must be provided.   
 

Table 4:  Beach Capacity 
 

Reach

Average 
Beach 
Width 
(feet)

Reach 
Length 
(feet)

With Project 
Beach Area 

(sqft)

Beach 
Capacity 
(persons)

1 115 9,599 1,103,885 11,039
2 126 3,406 429,156 4,292
3 122 6,239 761,158 7,612
4 92 5,603 515,476 5,155
5 78 9,029 704,262 7,043
6 79 7,207 569,353 5,694

Sum 41,083 4,083,290 40,833  
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9. The total number of required parking spaces is the lesser of that required to 
meet peak hour demand or beach capacity per current policy guidance.  At the time 
of construction in 2010, the lesser of peak hour demand and beach capacity is 744 
spaces.  The current number of parking spaces of 830 meets the current demand.   
 
ACCESS 
 
10.   Reasonable public access rights of way must be provided approximately every 
one-half mile or less along the beach.  For purposes of this study, such accesses 
will be considered pedestrian accesses with either parking or a bus stop.  Parking 
and access points are shown on the drawings in Figures 1 to 11.  The majority of 
the Mid-Reach included in the recommended plan is open and accessible to the 
public with only 3,985 feet in four segments out of 41,083 feet that are not open.  
This length is incidental to the whole project and cannot be avoided without 
jeopardizing the integrity of the recommended plan or incurring extra costs.  An 
adjustment is included in the cost allocation to remove that portion from Federal 
participation. 
 
11.   Public transportation is provided by the Space Coast Area Transit (SCAT), a 
department under the Brevard County Board of County Commissioners.  In addition 
to fixed route buses, SCAT offers services tailored to elderly and special needs 
riders.  All buses are equipped with wheelchair lifts and allow bicycles, surfboards, 
and other beach equipment.  Reservations on special buses are available for curb to 
curb service for special needs individuals.  Public outreach is a regular part of 
service, through the use of television, radio and newspaper advertising.  The normal 
fare per ride throughout the system is $1.25, with reduced rates for senior citizens, 
disabled, veterans, and students.  The beach trolley route is shown in Figure 12.  
The beach trolley stops at transfer points to other buses whereby riders from farther 
away would be able to access the beach. 
 
BEACH USE BY PRIVATE ORGANIZATIONS 
 
12.   Federal aid to private shores owned by beach clubs and hotels which limit 
beach use to members or guests is contrary to the intent of Public Law 84-826.  The 
State of Florida Coastal Zone Management Program establishes State ownership of 
lands seaward of the mean high water line.  For new construction of beach 
nourishment projects, the existing mean high water line is renamed the erosion 
control line (ECL) at the time of initial construction.  Any new lands created by the 
project seaward of the ECL are state owned lands.  Public use of state owned lands 
is assured by the maintenance of regular pedestrian access points to the beach.  
Public use of the lands between the dune or seawall and the ECL is included as a 
provision of the easements required from private landowners prior to construction.  
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PUBLIC SHORES WITH LIMITATIONS 
 
13.   Publicly owned beaches, which limit use to residents of the community or a 
group of communities, are not considered to be open to the general public and are 
treated as private beaches.  The ability of the public to use the beach is inherent to 
the other portions of this study such as user fees, pedestrian access, parking and 
beach ownership.  No restrictions to use by the general public were found in addition 
to the other portions of this study. 
 
PROJECT PURPOSE 
 
14.   Shore protection projects are formulated to provide hurricane and storm 
damage reduction.  Incidental recreation benefits may be included in the benefit 
calculations, but may be not more than fifty percent of the total benefits required for 
justification.  Any separable costs for recreation features are paid at 100% non-
Federal cost.   
 
SHORE OWNERSHIP 
 
15.  The amount of Federal participation in the costs of construction and OMRR&R 
of the shore protection project are determined by the shoreline ownership.  The 
oceanfront parcels are divided between Federally owned, privately owned, and 
publicly owned.  Whether the parcel has been developed or not is also needed 
information.  The Brevard County tax appraisers database was reviewed for each 
parcel of oceanfront property within the study area.  The most recent information 
available was dated 2005.  Undeveloped property was verified by field 
reconnaissance.   
 
COST SHARING 
 
16.   The public use determination, project purpose and shore ownership are 
combined in Table 5 according to the parameters shown in Table 1.  A detailed 
parcel by parcel account is included in the attachment.  The length of shoreline 
corresponds with that of the recommended plan which includes Reaches 1, 2, 3, 4, 
5 and 6.  From this determination, the Federal share of construction costs for the 
Brevard County Mid-Reach project recommended plan is 54.0%. 
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Table 5:  Brevard County Mid-Reach Cost Sharing Percentage 
 

Shoreline 
Length 
(feet)

Federal 
Participation    

(feet)

0 0

26,834 17,469

4,415 2,208
815 0

5,034 2,521

3,695 0

85 0
205 0

Total Distance 41,083 22,198

54.0%Federal share = 22,198 divided by 41,083 =

    B.  Hurricane and Storm Damage Reduction on 
Undeveloped Lands 0%
    C.  Separable Recreation 0%

    A.  Hurricane and Storm Damage Reduction on 
Developed Lands 0%

          (1) Public Lands
          (2) Private Lands 0%

    C.  Separable Recreation 50%
III.  Privately Owned, Use Limited to Private 
Interests

50%

    A.  Hurricane and Storm Damage Reduction on 
Developed Lands 65%
    B.  Hurricane and Storm Damage Reduction on 
Undeveloped Lands

I.  Federally Owned 100%

II.  Publically and Privately Owned, Protection 
Results in Public Benefits

Shore Ownership and Project Purpose                          
(as defined in ER 1105-2-100, Table E-22)

Maximum Level of Federal Participation 
in Construction Costs
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Figure 1:  Brevard Mid-Reach Parking and Access, R75-78 

Brevard County, Florida, R75-78 

0 0.05 0.1 0.2 0.3 Miles 

Legend 

• FL DEP Monuments 

streets 

[!I parking 

[I] pedestrian access 

~ bus stops 

N 1/4 mile buffer 



D-10 

Figure 2:  Brevard Mid-Reach Parking and Access, R78-82 
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Figure 3:  Brevard Mid-Reach Parking and Access, R82-86 

Brevard County, Florida, R82-86 
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Figure 4:  Brevard Mid-Reach Parking and Access, R86-91 

Brevard County, Florida, R86-91 
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Figure 5:  Brevard Mid-Reach Parking and Access, R91-95 

Brevard County, Florida, R91-95 
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Figure 6:  Brevard Mid-Reach Parking and Access, R95-99 

Brevard County, Florida, R95-99 
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Figure 7:  Brevard Mid-Reach Parking and Access, R99-103 

Brevard County, Florida, R99-1 03 
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Figure 8:  Brevard Mid-Reach Parking and Access, R103-107 

Brevard County, Florida, R1 03-107 
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Figure 9:  Brevard Mid-Reach Parking and Access, R107-111 

Brevard County, Florida, R1 07-111 
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Figure 10:  Brevard Mid-Reach Parking and Access, R111-115 

Brevard County, Florida, R111-115 
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 Figure 11:  Brevard Mid-Reach Parking and Access, R115-119 

Brevard County, Florida, R115-119 
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Figure 12:  Space Coast Area Transit Bus Route 
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Table 6:  Brevard Mid-Reach Public Access and Ownership 
 

Parcel   Number

Lot 
Width 
(Feet)

Within 
Project 
Limits

Within 1/4 
Mile of 
Access

Shore 
Ownership 
and Project 

Purpose

Level of 
Federal 

Participation

Federal 
Participation 

Times Lot 
Width

Number 
of 

Parking 
Spaces DEP Monument

(A) (B) (D) (E) (F) (G) (H) (I) (J)

REACH 6
26372300-00011 400 Condo Pineda I, 101 Hwy A1A Y Y II.A. 65% 260 R-75.4
26372300-00013 220 Condo Pineda II, 155 Hwy A1A Y Y II.A. 65% 143
26372300-00013 110 Condo Pineda II, 155 Hwy A1A Y N III.A. 0% 0
26372300-00015 270 Condo Pineda III, 175 Hwy A1A Y N III.A. 0% 0 R-76
26372300-00004 240 Condo Oceanus I, 199 Hwy A1A Y N III.A. 0% 0
26372300-00004 60 Condo Oceanus III, 199 Hwy A1A Y N III.A. 0% 0 bus stop w/ no walkover
26372300-00004 180 Condo Oceanus III, 199 Hwy A1A Y Y II.A. 65% 117
26372300-00772 250 Condo Sandpiper I, 205 Hwy A1A Y Y II.A. 65% 163
26372300-00751 250 Condo Flores de Playa, 245 Hwy A1A Y Y II.A. 65% 163
26372379-00001 230 Condo Ocean Res N, 261 Ocean Res Ct Y Y II.A. 65% 150
26372300-00752 260 Condo Opal Seas, 275 Hwy A1A Y Y II.A. 65% 169 R-78
26372300-00753 150 Public Park State of FL, 285 Hwy A1A Y Y II.C. 50% 75
26372300-00754 50 Public Park Sea Gull Park - Brevard County Y Y II.C. 50% 25 20
26372300-00755 350 Condo Silver Sands I, 295 Hwy A1A Y Y II.A. 65% 228
26372300-00756 300 Condo Silver Sands II, 297 Hwy A1A Y Y II.A. 65% 195
26372300-00769 200 Condo Sea Breakers, 307 Hwy A1A Y Y II.A. 65% 130 R-79
26372300-00781 150 Condo Horizon II, 401 Hwy A1A Y Y II.A. 65% 98
26372300-00779 220 Condo Horizon I, 403 Hwy A1A Y Y II.A. 65% 143
26372300-00783 150 Condo Horizon III, 405 Hwy A1A Y Y II.A. 65% 98
26372600-00004 220 Condo Horizon IV, 407 Hwy A1A Y Y II.A. 65% 143
26372600-00005 200 Public Park SPRA Park - Brevard County, 501 H  Y Y II.C. 50% 100 50 R-80
26372600-00004 230 Condo Las Brisas I, 537 Hwy A1A Y Y II.A. 65% 150
26372600-00008 190 Condo Las Brisas II, 553 Hwy A1A Y Y II.A. 65% 124
26372602-00000 90 Condo Monaco Condo, 571 Hwy A1A Y Y II.A. 65% 59
26372602-00000 150 Condo Monaco Condo Y Y II.A. 65% 98
26372603-00000 86 Condo Monaco Condo, 579 Hwy A1A Y Y II.A. 65% 56
26372603-00000 110 Condo Monaco Condo Y Y II.A. 65% 72 R-81
26372600-00025 100 Public Park TIITF - State of FL Y Y II.B.(1) 50% 50
26372600-00010 1100 Public Park City of Satellite Beach Y Y II.B.(1) 50% 550 R-82
26372600-00026 135 Public Park Brevard County Y Y II.B.(1) 50% 68
26372600-00751 115 Public Park Brevard County, 815 Hwy A1A Y Y II.C. 50% 58 20
26372600-00750 440 Public Park City of Satellite Beach, North part o  Y Y II.B.(1) 50% 220 R-83

REACH 5
26372600-00750 790 Public Park City of Satellite Beach, South Part o  Y Y II.B.(1) 50% 395 R-83
26372600-00763 90 Public Park TIITF - State of FL Y Y II.B.(1) 50% 45
26372600-00763 30 Public Park TIITF - State of FL Y N III.C. 0% 0
26372600-00762 80 House 905 Hwy A1A Y N III.A. 0% 0
26372600-00762 50 House 905 Hwy A1A Y Y II.A. 65% 33 R-84
26372600-00760 110 Undeveloped Vacant Y Y II.B.(2) 0% 0
26372600-00761 445 Condo Majesty Palm, 925 Hwy A1A Y Y II.A. 65% 289
26372600-00759 125 Undeveloped Vacant, 951 Hwy A1A Y Y II.B.(2) 0% 0 R-85
26372600-00753 430 Condo Paradise Bch Club, 975 Hwy A1A Y Y II.A. 65% 280
26373500-00003 160 Condo Oceana Bch Club, 1035 Hwy A1A Y Y II.A. 65% 104 bus stop w/ walkover
26373500-00003 655 Condo Oceana Bch Club, 1035 Hwy A1A Y Y II.A. 65% 426 R-86
26373500-00012 115 House 1055 Hwy A1A Y Y II.A. 65% 75
26373500-00007 100 Commercial Drug Store, 1077 Hwy A1A Y Y II.A. 65% 65
26373500-00004 320 Condo The Oceans, 1085 Hwy A1A Y Y II.A. 65% 208 R-87
26373501-00001 310 Condo The Buccaneer Club I, 1125 Hwy A Y Y II.A. 65% 202
26373501-00001 350 Condo The Buccaneer Club II, 1125 Hwy A Y Y II.A. 65% 228

45 Public R.O.W. Grant Ave Y Y II.A. 65% 29 23
26373501-00006 550 Condo The Buccaneer Condo Apts, 1175 H  Y Y II.A. 65% 358 R-88
26373501-00006 125 Condo Seamark, 1195 Hwy A1A Y Y II.A. 65% 81
26373500-00763 510 Condo Las Olas, 1215 Hwy A1A Y Y II.A. 65% 332

26373578-0000A0-0001 110 House 10 Park Ave Y Y II.A. 65% 72
25 Public R.O.W. Park Avenue, Public R.O.W. Y Y II.A. 65% 16 4

26373578-0000B0-0001 115 House 5 Park Ave Y Y II.A. 65% 75 R-89
26373500-00801 125 Condo Sand Castle Condo, 1273 Hwy A1A Y Y II.A. 65% 81
26373500-00758 175 Condo Sand Castle - pool Y Y II.A. 65% 114
26373500-00756 300 Condo New Construction Y Y II.A. 65% 195
263735EA-00001 20 Public Park City of Satellite Beach, easement Y Y II.C. 50% 10 R-90

263735EA-0000A-1 330 Condo La Colonnade, 1303 Hwy A1A Y Y II.A. 65% 215
263735EA-0000A-4 105 Condo La Playa East - pool, parking and to  Y Y II.A. 65% 68
263735EA-0000A-5 175 Condo La Playa East, 1343 Hwy A1A Y Y II.A. 65% 114
263735EA-0000A-7 130 Public Park TIITF - State of FL Y Y II.B.(1) 50% 65 R-91
263736EA-0000A-9 150 Condo Misty Shore, 1369 Hwy A1A Y Y II.A. 65% 98
263736EB-0000C-1 215 Condo Summer Cove, 1385 Hwy A1A Y Y II.A. 65% 140

263736EB-0000C.A-0 220 Condo Reflections, 1395 Hwy A1A Y Y II.A. 65% 143
263736EB-0000C.3-0 35 Public Park City of Satellite Beach, public acces Y Y II.C. 50% 18 bus stop w/ walkover

(C)
Shoreline Description
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Table 6:  Brevard Mid-Reach Public Access and Ownership (cont.) 
 

Parcel   Number

Lot 
Width 
(Feet)

Within 
Project 
Limits

Within 1/4 
Mile of 
Access

Shore 
Ownership 
and Project 

Purpose

Level of 
Federal 

Participation

Federal 
Participation 

Times Lot 
Width

Number 
of 

Parking 
Spaces DEP Monument

(A) (B) (D) (E) (F) (G) (H) (I) (J)

2737011A-00201 305 Condo Emerald Shores, 1405 Hwy A1A Y Y II.A. 65% 198
27370100-00264A-0 130 Condo Sea Villa, 1425 Hwy A1A Y Y II.A. 65% 85 R-92
27370100-00335.6-0 265 Condo East Wind II, 1455 Hwy A1A Y Y II.A. 65% 172
27370100-00333.0-0 360 Condo East Wind I, 1465 Hwy A1A Y Y II.A. 65% 234
27370100-00258.1-0 50 Public Park Brevard County, 1495 Hwy A1A Y Y II.C. 50% 25 20

27370100-00258.0 300 Public Park Brevard County - Pelican Beach Pa    Y Y II.C. 50% 150 75 R-93

REACH 4
27370100-00258.0 635 Public Park Brevard County - Pelican Beach Pa    Y Y II.C. 50% 318 75 R-93

27370100-00270 100 Public Park Brevard County Y Y II.B.(1) 50% 50
27370100-00268 200 Public Park Brevard County Y Y II.B.(1) 50% 100
27370100-00265 150 Public Park City of Satellite Beach Y Y II.B.(1) 50% 75 R-94
27370100-00272 150 Public Park City of Satellite Beach Y Y II.B.(1) 50% 75

27370100-00275.A-0 190 Condo Ocean Royale, 1595 Hwy A1A Y Y II.A. 65% 124
50 Public R.O.W. Magnolia Ave Y Y II.A. 65% 33 11

27370150-0000A-1 115 House  610 Ocean Street Y Y II.A. 65% 75
27370150-0000A-3 50 House  620 Ocean Street Y Y II.A. 65% 33
27370150-0000A-4 60 House  626 Ocean Street Y Y II.A. 65% 39
27370150-0000A-5 30 Townhouse  630 Ocean Street Y Y II.A. 65% 20

27370150-0000A-5.01 30 Townhouse  632 Ocean Street Y Y II.A. 65% 20
27370150-0000A-6 30 Townhouse  634 Ocean Street Y Y II.A. 65% 20 R-95
27370150-0000A-7 110 House  638 Ocean Street Y Y II.A. 65% 72
27370150-0000A-9 108 House  640 Ocean Street Y Y II.A. 65% 70

27370150-0000A-11 110 House  648 Ocean Street Y Y II.A. 65% 72
50 Public R.O.W. Magellan Ave Y Y II.A. 65% 33 12

27370150-00001.0-1 120 House  1655 Hwy A1A Y Y II.A. 65% 78
27370150-00001.0-3.01 130 House  Y Y II.A. 65% 85

27370150-00001.0-6 105 House  1683 Hwy A1A Y Y II.A. 65% 68
27370150-00001.0-8 105 House  1687 Hwy A1A Y Y II.A. 65% 68

27370150-0000B.0-11 145 Public Park City of Satellite Beach Y Y II.C. 50% 73 R-96
40 Public R.O.W. Sunrise Ave Y Y II.A. 65% 26 12

27370150-0000C-1 205 Public Park City of Satellite Beach Y Y II.C. 50% 103
27370150-0000C-5 80 House  715 Beach Street Y Y II.A. 65% 52
27370150-0000C-6 80 House  721 Beach Street Y Y II.A. 65% 52
27370150-0000C-8 80 House  725 Beach Street Y Y II.A. 65% 52

27370150-0000C-10 90 House  735 Beach Street Y Y II.A. 65% 59
27370150-0000C-11 70 House  745 Beach Street Y Y II.A. 65% 46

55 Public R.O.W. Palmetto Ave Y Y II.A. 65% 36 25
27370150-0000D-1 35 Public Park City of Satellite Beach Y Y II.C. 50% 18
27370150-0000D-2 235 Public Park City of Satellite Beach Y Y II.C. 50% 118 R-97
27370150-0000D-6 80 House  785 Shell Street Y Y II.A. 65% 52
27370150-0000D-8 105 House  789 Shell Street Y Y II.A. 65% 68

27370150-0000D-10 50 House  795 Shell Street Y Y II.A. 65% 33
27370150-0000D-11 105 House  797 Shell Street Y Y II.A. 65% 68

25 Public R.O.W. Volunteer Way Y Y II.A. 65% 16 6
27371232-00000-1 310 Condo Lantana,  1791 Hwy A1A Y Y II.A. 65% 202
27371232-00000-1 310 Condo Lantana,  1791 Hwy A1A Y Y II.A. 65% 202 R-98
27371232-00000-1 300 Condo Lantana,  1791 Hwy A1A Y Y II.A. 65% 195
27371232-00000-1 365 Condo Lantana,  1791 Hwy A1A Y Y II.A. 65% 237

27371200-00260 100 Public Park City of Indian Harbour Bch,  Bicente  Y Y II.C. 50% 50 20
27371227-0000A-1 110 Public Park City of Indian Harbour Bch,  Bicente  Y Y II.C. 50% 55 22 R-99

 
REACH 3  

40 Public R.O.W. Ocean Dunes Drive Y Y II.A. 65% 26 R-99
27371227-0000B-1 130 Condo Aloha Condo,  1891 Hwy A1A Y Y II.A. 65% 85
27371227-0000B-6 80 Commercial SatCom Direct,  1901 Hwy A1A Y Y II.A. 65% 52
27371227-0000B-7 305 Condo The Christal II,  1907 Hwy A1A Y Y II.A. 65% 198

27371227-0000B-11 285 Condo The Christal I,  1919 Hwy A1A Y Y II.A. 65% 185
27871227-0000B-15.01 410 Condo Seashore Estates I,  1923 Hwy A1A Y Y II.A. 65% 267 R-100
27871227-0000B-19.01 15 Condo Seashore Estates Access,  1923 Hw  Y Y II.A. 65% 10

27371200-00585 90 Public Park TIITF - State of FL Y Y II.B.(1) 50% 45
27371200-00500.9-0201 350 Condo Golden Palm,  1941 Hwy A1A Y Y II.A. 65% 228

27371200-00586A 200 Condo Serena Shores II,  2025 Hwy A1A Y Y II.A. 65% 130
10 Public Park Palm Springs access Y Y II.C. 50% 5 2

27371200-00500A 195 Condo Serena Shores I,  2035 Hwy A1A Y Y II.A. 65% 127 R-101
27371200-00501.1 260 Condo Indian Harbour Bch Club,  2055 Hw  Y Y II.A. 65% 169
2737121B-00000-1 210 Condo Somerset Condo,  2065 Hwy A1A Y Y II.A. 65% 137
2737121B-00000-1 260 Condo Somerset Condo,  2065 Hwy A1A Y Y II.A. 65% 169
2737121B-00000-1 240 Condo Somerset Condo,  2065 Hwy A1A Y Y II.A. 65% 156 R-102

10 Public Park Atlantic Rd access Y Y II.C. 50% 5 12
2737121B-00000-1 240 Condo Somerset Condo,  2065 Hwy A1A Y Y II.A. 65% 156
27371200-00516.M 150 Condo Oceanique II,  2105 Hwy A1A Y Y II.A. 65% 98

Shoreline Description
(C)
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Table 6:  Brevard Mid-Reach Public Access and Ownership (cont.) 
 

Parcel   Number

Lot 
Width 
(Feet)

Within 
Project 
Limits

Within 1/4 
Mile of 
Access

Shore 
Ownership 
and Project 

Purpose

Level of 
Federal 

Participation

Federal 
Participation 

Times Lot 
Width

Number 
of 

Parking 
Spaces DEP Monument

(A) (B) (D) (E) (F) (G) (H) (I) (J)

27371200-00516 160 Condo Oceanique pool,  2105 Hwy A1A Y Y II.A. 65% 104
27371200-00516.A 170 Condo Oceanique I,  2105 Hwy A1A Y Y II.A. 65% 111

27371200-00587 240 Public Park City of Indian Harbour Bch,  Milleniu  Y Y II.C. 50% 120 25 R-103
27371200-00584 10 Public Park City of Indian Harbour Bch,  Milleniu  Y Y II.C. 50% 5

27371300-00001.1-1 200 Condo Gardenia,  2195 Hwy A1A Y Y II.A. 65% 130
27371300-00006 415 Condo Ocean Walk,  2225 Hwy A1A Y Y II.A. 65% 270
27371300-00003 465 Brevard County Community Center, 2289 Hwy A1A Y Y II.A. 65% 302 R-104

60 Public R.O.W. Wallace Ave Y Y II.A. 65% 39 20
27371301-00001 320 Public Park TIITF - State of FL,  Canova Beach Y Y II.B.(1) 50% 160

100 Public R.O.W. Eau Gallie Blvd,  Canova Beach Pa Y Y II.A. 65% 65 65
27371302-00001-1 620 Public Park TIITF - State of FL,  Canova Beach     Y Y II.B.(1) 50% 310

 
REACH 2  

27371302-00001-12 575 Condo Melbourne Ocean Club,  3101 N. H  Y Y II.A. 65% 374 R-105.5
27371375-00001-2.01 50 Public Park Brevard County Y Y II.C. 50% 25 18 R-106

27371375-0001-3 130 Undeveloped Vacant Y Y II.B.(2) 0% 0
27371300-00753 600 Commercial Hilton Hotel,  3003 N. Hwy A1A Y Y II.A. 65% 390

27371376-00000-1.01 275 Condo Villa Riviera,  2925 N. Hwy A1A Y Y II.A. 65% 179 R-107
27371376-0000-4.01 190 Condo Coral Palms,  2875 N. Hwy A1A Y Y II.A. 65% 124

27371300-00754.1 125 Condo Club Residence,  2855 N. Hwy A1A Y Y II.A. 65% 81
27371378-00001-2.01 180 Condo Sandy Kaye,  2835 N. Hwy A1A Y Y II.A. 65% 117

2737131A-00201 190 Condo Silver Palms,  2805 N. Hwy A1A Y Y II.A. 65% 124
20 Public Park Coral Way Beach Access  Y Y II.C. 50% 10 6

27371300-00755.1 100 Undeveloped Vacant Y Y II.B.(2) 0% 0
27371300-00755.0 100 Undeveloped Vacant Y Y II.B.(2) 0% 0 R-108

27371300-00789 210 Condo Ocean Sands N,  2727 N. Hwy A1A Y Y II.A. 65% 137
27371300-00792 210 Condo Ocean Sands S,  2725 N. Hwy A1A Y Y II.A. 65% 137
27371300-00759 450 Commercial Holiday Inn,  2605 N. Hwy A1A Y Y II.A. 65% 293

REACH 1
27371300-00759 175 Commercial Holiday Inn cont.,  2605 N. Hwy A1A Y Y II.A. 65% 114 R-109
27372400-00056 20 Public Park Brevard County Y Y II.C. 50% 10
27372400-00005 610 Public Park TIITF - State of FL Y Y II.C. 50% 305 6
27372400-00037 325 Public Park TIITF - State of FL Y Y II.C. 50% 163
27372400-00009 200 Public Park Brevard County, Paradise Beach P Y Y II.C. 50% 100 R-110
27372400-00010 100 Public Park Brevard County, Paradise Beach P Y Y II.C. 50% 50

27372400-00011.1 1004 Public Park Brevard County, Paradise Beach P Y Y II.C. 50% 502 225 R-111
27372475-00001-1 25 House 2175 N. Hwy A1A Y Y II.A. 65% 16
27372475-00001-2 75 House 2165 N. Hwy A1A Y Y II.A. 65% 49
27372475-00001-3 75 House 2155 N. Hwy A1A Y Y II.A. 65% 49
27372475-00001-4 75 House 2145 N. Hwy A1A Y Y II.A. 65% 49
27372475-00001-5 80 House 2135 N. Hwy A1A Y Y II.A. 65% 52
27372475-00001-6 80 House 2125 N. Hwy A1A Y Y II.A. 65% 52
27372475-00001-7 75 House 2115 N. Hwy A1A Y Y II.A. 65% 49
27372475-00001-8 75 House 2105 N. Hwy A1A Y Y II.A. 65% 49
27372475-00001-9 75 House 2095 N. Hwy A1A Y Y II.A. 65% 49 R-112

27372475-00001-10 80 House 2085 N. Hwy A1A Y Y II.A. 65% 52
27372475-00001-11 75 House 2075 N. Hwy A1A Y Y II.A. 65% 49
27372475-00001-12 75 House 2065 N. Hwy A1A Y Y II.A. 65% 49
27372475-00001-13 75 House 2055 N. Hwy A1A Y Y II.A. 65% 49
27372475-00001-14 80 House 2045 N. Hwy A1A Y Y II.A. 65% 52

10 Public Park beach access Y Y II.C. 50% 5
27372475-00001-15 100 House 2035 N. Hwy A1A Y Y II.A. 65% 65
27372475-00001-16 100 House 2025 N. Hwy A1A Y Y II.A. 65% 65
27372475-00001-17 90 House 2015 N. Hwy A1A Y Y II.A. 65% 59
27372475-00001-17 10 House 2015 N. Hwy A1A Y N III.A. 0% 0
27372475-00001-17 35 House 2015 N. Hwy A1A Y N III.A. 0% 0
27372484-0000A-1 30 House 2005 N. Hwy A1A Y N III.A. 0% 0
27372484-0000A-2 85 Undeveloped Vacant Y N III.B. 0% 0 R-113
27372484-0000A-3 75 House 1965 N. Hwy A1A Y N III.A. 0% 0
27372484-0000A-4 110 House 1955 N. Hwy A1A Y N III.A. 0% 0
27372484-0000A-5 95 House 1945 N. Hwy A1A Y N III.A. 0% 0

10 Public Park beach access Y N III.C. 0% 0
27372484-0000A-6 100 House 1935 N. Hwy A1A Y N III.A. 0% 0
27372484-0000A-7 100 House 1925 N. Hwy A1A Y N III.A. 0% 0
27372484-0000A-8 100 House 1915 N. Hwy A1A Y N III.A. 0% 0
27372484-0000A-9 100 House 1905 N. Hwy A1A Y N III.A. 0% 0

27372484-0000A-10 100 House 1885 N. Hwy A1A Y N III.A. 0% 0
27372484-0000A-11 80 House 1875 N. Hwy A1A Y N III.A. 0% 0 R-114

27372490-00000-1 150 Condo The Barringer Condo I, 1835 N. Hw  Y N III.A. 0% 0
27372491-00000-1 105 Condo The Barringer II, 1845 N. Hwy A1A Y N III.A. 0% 0
27372491-00000-1 50 Condo The Barringer II, 1845 N. Hwy A1A Y Y II.A. 65% 33
273725EV-00000-1 175 Condo Casa Blanca Inn, 1805 N. Hwy A1A Y Y II.A. 65% 114
27372513-00000-1 145 Condo Bella Vista, 1755 N. Hwy A1A Y Y II.A. 65% 94

Shoreline Description
(C)
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Table 6:  Brevard Mid-Reach Public Access and Ownership (cont.) 
 

Parcel   Number

Lot 
Width 
(Feet)

Within 
Project 
Limits

Within 1/4 
Mile of 
Access

Shore 
Ownership 
and Project 

Purpose

Level of 
Federal 

Participation

Federal 
Participation 

Times Lot 
Width

Number 
of 

Parking 
Spaces DEP Monument

(A) (B) (D) (E) (F) (G) (H) (I) (J)

273830EN-00000-16.01 750 Condo Ocean Park Condo, 1665 N. Hwy A Y Y II.A. 65% 488 R-115
273830EN-00000-16.02 10 Public Park Brevard County, access Y Y II.C. 50% 5 6

273830EN-00000-15 140 Undeveloped Vacant Y Y II.B.(2) 0% 0
27383027-00000-1 200 Condo Sea Pearl Condo, 1575 N. Hwy A1A Y Y II.A. 65% 130 R-116

273830EN-00000-12.01 10 Public Park Brevard County, access Y Y II.C. 50% 5
273830EN-00000-11.01 190 Condo Outrigger, 1555 N. Hwy A1A Y Y II.A. 65% 124

27383026-00000-1 305 Condo Majestic Shores, 1525 N. Hwy A1A Y Y II.A. 65% 198
10 Public Park Brevard County, access Y Y II.C. 50% 5

273830EN-00000-7 100 Condo Claridge Condo, 1515 N. Hwy A1A Y Y II.A. 65% 65
2738301A-00201 190 Condo Royal Palms, 1505 N. Hwy A1A Y Y II.A. 65% 124

273830EN-00000-4 110 Undeveloped Vacant Y Y II.B.(2) 0% 0 R-117
10 Public Park Brevard County, access Y Y II.C. 50% 5

273830EN-00000-1 55 Condo The Dunes, 1415 N. Hwy A1A Y Y II.A. 65% 36
273830EN-00000-1 285 Condo The Dunes, 1415 N. Hwy A1A Y N III.A. 0% 0
27383052-00000-1 370 Condo Jade Palm, 1345 N. Hwy A1A Y N III.A. 0% 0

10 Public Park Brevard County, access Y N III.C. 0% 0
27383050-00000-28 105 House 1315 N. Hwy A1A Y N III.A. 0% 0
27383050-00000-29 190 House 1245 N. Hwy A1A Y N III.A. 0% 0 R-118
27383050-00000-31 120 House 1235 N. Hwy A1A Y N III.A. 0% 0

10 Public Park Brevard County, access Y N III.C. 0% 0
27383050-00000-32 95 House 1225 N. Hwy A1A Y N III.A. 0% 0
27383050-00000-33 95 House 1215 N. Hwy A1A Y N III.A. 0% 0
27383050-00000-34 200 Condo Coral Reef Condo, 1177 N. Hwy A1 Y N III.A. 0% 0
27383050-00000-36 105 House 1163 N. Hwy A1A Y N III.A. 0% 0
273830EW-000A-15 135 Public Park TIITF - State of FL, 1137 N. Hwy A1 Y N III.C. 0% 0

10 Public Park Brevard County, access Y N III.C. 0% 0
273830EW-000A-14 180 House 1135 N. Hwy A1A Y N III.A. 0% 0 R-119

Sum of Length 41,083  22,198        

Shoreline Description
(C)
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1.0 GEOLOGY AND GEOGRAPHIC SETTING 
 
1.1 Regional Geology and Geography  
 

Peninsular Florida occupies a portion of the much larger geographic unit, the Florida 
Plateau.  Deep water in the Gulf of Mexico is separated from deep water of the Atlantic Ocean 
by this partially submerged platform nearly 500 miles long and 250 to 450 miles wide.  Since the 
Mesozoic Era, approximately 200 million years B.P. (before present), the plateau has been 
alternately dry land or covered by shallow seas.  During that time approximately 4,000 feet to 
greater than 20,000 feet of carbonate and marine sediments were deposited at the north-central 
and the southernmost Florida, respectively.   Either following or concurrent with one of the later 
periods of emergence, there appears to have been a tilting of the plateau about its longitudinal 
axis.  The west coast was partially submerged, as indicated by the wide estuaries and offshore 
channels, while the east coast was correspondingly elevated. 
 

Brevard County is located on Florida's central east coast bordering the Atlantic Ocean and 
lies within the Coastal Lowlands physiographic region characterized by terraced level plains.  
The topography is largely controlled by a series of marine terraced deposits.  The deposits were 
formed during Pleistocene time when sea level rose and fell in response to the advance and 
retreat of the continental ice sheets.  When sea level is relatively stationary for long periods, 
shoreline features and marine plains develop.  Shorelines above present sea level, not submerged 
by another transgression of the sea, are generally preserved. 
 

The geology in the central east coast area is typified by mixed lithology, quartz-carbonate 
sand and barrier islands.  All indurated surficial sediments in the region are generically assigned 
to the Anastasia Formation.   It is likely that, while the Anastasia is generally regarded as 
Pleistocene in age, it also includes recently cemented (Holocene) beach rock.    The Anastasia 
underlies all modern beach sediments in the central east coast area.    Underlying the 
unconsolidated surficial sediments and the indurated Anastasia sediment are siliclastic Plio-
Pleistocene sediments, which in turn overlie the Neogene Hawthorn Group.   The lithology of 
the Hawthorn group is extremely diverse, including clay, sand, limestone, silt-sized dolomite and 
phosphorites (Hoenstine, R., et al., 2002). 
 
1.2 Local Geology and Geography 
 
Coastal features characterizing the Brevard County include Cape Canaveral to the north and 
Sebastian Inlet to the south with a barrier island connecting the two (Fig. 1).   The shoreline of 
approximately 72 miles is relatively straight trending north-northwest to south-southeast, with 
the exception of the curvature created by the cape feature.   The barrier island ranges in width 
from approximately 10 miles at the Cape to a few hundred feet just north of Patrick A.F.B.   The 
upland base elevations and dune heights along the island range from 9 to 25 feet NGVD.   
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Figure 1. Mid-Reach Project Location Map 

(the numbers along the shoreline denote the DEP monuments) 
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The barrier island is separated from the mainland by the Mosquito Lagoon and Banana River to 
the north and the Indian River Lagoon that runs the length of the county. 
 

The sediments of the barrier beach along Brevard County consist primarily of fine to 
medium grained quartz sand with varying percentages of silt and shell content.  The sand is 
Holocene in age and is perched on the lithified coquina rocks of Anastasia Formation of 
Pleistocene age.    These older coquina rocks, as well as Sabellarild worm rock, can be observed 
in the surf zone along the central portion of the county between Indialantic Beach and Patrick 
A.F.B.   In general, dune height, foreshore slope, shell content and mean grain sizes increase 
from north to south along the county (Olsen, 1989).   
 

The nearshore rock outcrops along the Mid-Reach are principally composed of tabular 
lithified coquina (limestone) ledges.    The rock is exposed as both singular, isolated outcrops 
and large tabular ledges.   The vertical relief typically varies from 0 (flush with the sand seabed) 
to 18 inches, with some instances of up to 30 inches relief.    There is significant temporal 
variation in the exposure/burial of the rock, particularly the lower-relief rock and the rock 
located near and above the low tide line.   The abundance of rock decreases significantly from 
north to south along the Mid Reach.   The highest concentration of rock occurs along the 
northern 1.1-miles of the Mid-Reach that includes about 45% of the total 60.8-acre estimate. The 
northern 4.1-miles of the Mid Reach comprise about 75% of the total rock acreage (Olsen, 
2003). 

 
2.0 PROJECT BACKGROUND 
 
The Brevard County Mid-Reach Shore Protection Project is located on the east coast of Florida 
just south of Cape Canaveral.   The Mid-Reach consists of approximately 7.8 miles of the 
Brevard County shoreline, from the south end of Patrick Air Force Base to just north of the city 
of Indialantic, coinciding with the survey monuments of the Department of Environmental 
Protection (DEP) from R75.4 to R119, as shown on Figure 1.   Due to environmental concerns, 
the Mid-Reach was excluded from the 1996 Feasibility Report with Final Environmental Impact 
Statement for Brevard County.   No prior beach nourishment along the Mid-Reach has been 
done, except for localized dune fill activities conducted by individual property owners.   
Shoreline erosion caused by both long-term erosion and storm-induced recession remains as the 
greatest problem facing upland development in the Mid-Reach segment, and threatens 
commercial and residential structures.   The goal of the project is to provide protection from 
storm damage for coastal structures along the Mid-Reach. 
 
3.0 OFFSHORE SAND SOURCES 
 
3.1 Investigation History 
 
Investigations for sand sources began in 1965, and several offshore borrow areas have been 
identified.  The most promising borrow areas are situated within the extensive shoal system 
located a few miles southeast of the tip of Cape Canaveral, including Borrow Area I and Borrow 
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Area II (see Figure 2).   The Canaveral Shoals Borrow Area I (CS-I) contains an estimated 
volume of 16 million cubic yards (mcy) of beach quality sand, however because the water depth 
of the borrow area only ranges from 18 feet on the western side to 6 feet on the eastern side, 
small-capacity hopper dredges will be required.  In 1995, the Army Corps of Engineers 
conducted a Shore Protection Reconnaissance Study and drilled 25 vibracores in the vicinity of 
CS-I to delineate the borrow area.  
 
Canaveral Shoals Borrow Area II (CS-II) is located along the eastern edge of Canaveral Shoals, 
in federal waters of Atlantic Ocean.  Its water depths of -25 to -49 ft below mean low water 
(MLW) can accommodate large-capacity hopper.  Geotechnical investigations in the CS-II area 
were conducted by Army Corps of Engineers in 1972, and by Scientific Environmental 
Applications, Inc, a subcontractor of Olsen Associates in 1998.  In 1972, 11 vibracores were 
drilled in the vicinity of the CS-II to a depth 16 ft to 20 ft below sea-floor.  Three of those 
vibracores (CB-5, CB-6 and CB-9) are located within the boundary of the borrow area.  In 1998, 
30 vibracores (CB98-1 thru CB98-30) were drilled in the CS-II area to a depth 16 ft to 20 ft 
below sea-floor.  Soil samples were collected from all of those 30 vibracores for laboratory tests. 
 Locations of those vibracore borings are depicted on Figure 3.  Boring logs, gradation curves 
and statistics analysis data are presented in Sub-appendix A.  No additional investigation was 
conducted at the source area for the project of the Mid-Reach segment.  Although both CS-I and 
CS-II contain beach quality sand, CS-II is the preferred borrow area due to the anticipated 
increased cost of using small capacity hopper dredges at CS-I.   
  
3.2 Characteristics of Borrow Materials 
 
The mean composite grain size of the sediments within borrow area CS-I was 0.30 mm (1.75 
phi) with a standard deviation of 1.03 phi.  Percent fines was reported to be 5.5% and percent 
shell was reported to be 9.0%.  Sediments were typically described as poorly graded, gray, fine 
to medium quartz sand with some small shell fragments. 
 
The sediments encountered within borrow area CS-II consist of light grey or light brown, fine to 
medium, poorly graded quartz sand with varying amounts of whole and broken shell.  The 
median grain diameter (D50) of the composite sample for the entire borrow area is 0.34 mm.  The 
composite statistics for each boring and the entire borrow area are presented in Table 1.  The 
mean composite grain-size ranges from 0.26 mm to 0.55 mm, with an average mean of 0.39 mm 
(1.36 phi) and standard deviation of 1.0 phi that indicates moderately sorted sand.  The silt 
contents (passing #230 sieve) is very low ranging from 0 to 0.14 percent.  The gravel contents 
vary from 0 to 3.3 percent, with an average of 1.5 percent.  The thickness of beach-quality sand 
in the CS-II area ranges from 8 to 19 ft. based on borings and sediment analyses.   
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Figure 2.  Location Map of Canaveral Shoal Borrow Areas 
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Figure 3. Boring Locations and Cross-Sections 
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Table 1.    

Sediment character and Statistical Analysis for Canaveral Shoal Borrow Area II 
 

SAMPLES 
GRAIN 

SIZE 
Mean (mm) 

SILT 
( #230 sieve ) 

% 

 
SAND 

% 

GRAVEL 
 (#4 sieve *) 

% 

ST. DEV 
(Sorting) 

(Phi) 

 
COLOR** 

CSII Area A 
CB-98-2 0.26 0.01 99.99 0 0.66 Lt. grey / grey 
CB-98-3 0.30 0.0 99.3 0.7 0.93 Grey / tan 
CB-98-4 0.33 0.04 98.76 1.2 0.91 Grey 
CB-98-5 0.30 0.01 99.79 0.2 0.79 Tan / Lt. grey 
CB-98-6 0.36 0.02 96.88 3.1 1.06 Lt. grey 
CB-98-9 0.32 0.0 99.4 0.6 0.93 Lt. grey / tan 

CB-98-10 0.35 0.0 99.0 1.0 0.88 Lt. tan / grey 
CB-98-11 0.31 0.0 100 0 0.74 Lt. tan / grey 
CB-98-12 0.31 0.0 99.5 0.5 0.92 Lt. grey 
CB-98-14 0.37 0.0 97.8 2.2 1.06 Tan / lt. grey 
CB-98-15 0.34 0.2 97.4 2.4 1.03 Lt. grey 
CB-98-18 0.39 0.03 96.97 3.0 1.07 Lt. grey 

CSII Area B 
CB-98-13 0.30 0.2 99.8 0 0.89 Lt. grey / tan 
CB-98-19 0.38 0.03 98.47 1.5 1.02 Grey 
CB-98-20 0.34 0.14 97.86 2.0 1.09 Grey 
CB-98-21 0.35 0.01 99.09 0.9 0.88 Lt. grey / tan 
CB-98-22 0.26 0.05 99.15 0.8 0.91 Lt. grey 
CB-98-23 0.26 0.1 99.9 0 0.84 Lt. grey 
CB-98-24 0.32 0.0 100 0 0.84 Tan / lt. grey 

CSII Area C 
CB-98-17 0.39 0.03 96.67 3.3 1.17 Grey / brown 
CB-98-25 0.29 0.01 98.99 1.0 0.92 Lt. grey 
CB-98-26 0.36 0.07 97.93 2.0 1.02 Lt. brown 
CB-98-27 0.47 0.0 100 0 0.83 Lt. grey 
CB-98-28 0.39 0.0 99.0 1.0 0.98 Lt. grey 
CB-98-29 0.32 0.06 99.14 0.8 0.85 Lt. brown 
CB-98-30 0.55 0.0 98.8 1.2 0.82 Lt. grey / brown 

CSII Area D 
CB-98-1 0.31 0.09 99.91 0 0.86 Brown 
CB-98-7 0.31 0.07 99.83 0.1 0.91 Lt. grey 

CSII Area E 
CB-98-8 0.35 0.0 100 0 0.70 Lt. grey 

CB-98-16 0.41 0.01 99.99 0 0.79 Grey / tan 
Composite of CSII Borrow Area  

Composite 0.39 0.0 98.5 1.5 1.0  

(Data source: Scientific Environmental Applications 1998.   CSII composite data are based on 
Olsen Associates, 2004) 
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3.3 Volume Available of Source Materials 
 
Based on dredging depth limits, the CS-II borrow area is divided into 5 sub-areas: Area A, Area 
B, Area C, Area D and Area E (see Figure 4).   Originally, the 1200-acres borrow area contained 
an estimated volume of 34 mcy of beach-quality sand.    The borrow material has been used 
several times since the year of 2000 in support of beach renourishment projects along the 
Brevard County shoreline, including the North Reach and the South Reach.    Between 
September 2000 and May 2003, approximately 5.15 mcy of sand had been dredged from the CS-
II borrow area.   A study conducted by Olsen Associates on comparison of post-construction 
surveys for the source area indicated that during the period of 16 months (from May 2, 2003 
through August 31, 2004) there was an apparent 1,204,500 cy increase and a 28,300 cy decrease 
in volume of sand, yielding an approximate 1.18 mcy net increase in volume within the borrow 
area.   As a result, the sand remaining above the permitted cut limits within the borrow area was 
approximately 24.6 mcy, based on the survey of August 2004.    The bathymetric contours 
derived from the survey are presented in Figure 4.   In May 2005, the borrow material was 
dredged again, and approximately 2.4 mcy of sand had been removed from the CS-II area for 
post-storm beach renourishment on beaches of the North, South reaches and Patrick Air Force 
Base. 
  
The most recent survey for the borrow area was conducted on May 2005, after the latest 
dredging.    Based on the latest survey, the estimated sand remaining above the permitted cut 
limits within the CS-II borrow area is approximately 21.3 mcy, after subtracting the cultural-
resource exclusion areas, which are buffer zones set-up to protect the antiquities that were  
detected by magnetic anomalies and may have scientific or historical values.    The estimated 
volumes of sand available for each sub-area are summarized in Table 2.   
 
 
Table 2. 
 

Estimated Volumes of Sand Available in CS-II (Based on the survey of May 2005) 

   

Sub-Area 

 

Dredge depth 

( ft. MLW) 

 

Volumes 

(cy) 

Volume in 

Buffer Zone 

(cy) 

Volume excluded 

Buffer Zones 

(cy)                 (mcy) 

Area A -48.1 5135338 74430 5060908 5.1 

Area B -46.1 6584582 74430 6510152 6.5 

Area C -44.1 7425992 60474 7365518 7.4 

Area D -42.1 1452199 97689 1354510 1.4 

Area E -28.1 1055991 55822 1000169 1.0 

Total  21654102  21291257 21.3 
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Figure 4. Canaveral Shoals Borrow Area II Bathymetry (2004 Survey) 
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4.0 NATIVE BEACH MATERIALS 
 
4.1 Previous Investigation 
 
A previous investigation for the native beach along Brevard County shoreline was performed by 
Olsen Associates, Inc. in 1989.    During that investigation, surface beach samples were collected 
throughout the shoreline along 4 sampling profiles.    At each of those profiles, 6 sediment 
samples were collected between the backshore berm or dune and the -12 ft. NGVD contour line. 
   One profile (R-93) was located within the Mid-Reach segment. 
 
4.2 Recent Investigation 
 
In November 2005, an investigation on the Mid-Reach native beach was performed by USACE.  
  During the investigation, surface beach samples were collected throughout the project domain 
along 5 cross-shore transects that were located at the DEP survey monuments  R-83, R-93, R-99, 
R-105 and R-109, as shown in Figure 5.    At each of these transects, 7 sediment samples were 
collected between backshore dune face and 20 ft below mean low water line (MLW), with 
exception of R-99 where one sample (#1) was unable to be collected due to lack of sediment.    
 
All of the beach samples and the composite samples of each cross-shore transect were laboratory 
analyzed to characterize the sediments of the native beach.  This analysis defined the initial 
criteria for compatibility assessment of the sand from the borrow source.    The grain size 
statistics for the composite samples of cross-shore transects and along-shore profiles were 
developed by using the moment method provided by the US Corps of Engineer, Coastal 
Engineering Manual (EM 1110-2-1100), and the results are summarized in Table 3.    The 
laboratory data and grain size curves are presented in Sub-appendix A.   
 
4.3 Sediment Characteristics of the Native Beach 
 
The native beach sediments at the Mid-Reach shore consist predominately of greenish or light 
grey colored, fine to medium grained quartz and carbonate sand with variable amount of shell 
fragments.   The median grain diameter (D50) of its composite sample is 0.26 mm.    
 
The grain size statistics in Table 3 show that the mean grain sizes of composite samples of cross-
shore transects (R-83, R-93, R-99, R-105 and R-109) range from 0.24 to 0.36 mm with an 
average of 0.31 mm (1.75 phi).   The standard deviations, which represent sorting values, of the 
composites range between 1.10 to 1.85 phi, with an average of 1.51 phi that represents poorly 
sorted sediments.   The silt contents (passing #230 sieve) in composite samples range from 1.8 
percent to 3.6 percent with an average of 2.6 percent.   The gravel contents vary from 0 to 4.7 
percent with an average of 1.9 percent.    
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Figure 5. Sampling Locations at Mid-Reach Native Beach  
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Grain size statistics for the composite samples along-shore direction throughout the project 
domain were also developed.    Three composite groups including berm/upper-beach, near-water 
and nearshore were created mathematically.   The berm/upper-beach composite sample is 
combined with samples of #5, #6 and #7 from each sampling transect, and the nearshore 
composite sample is combined by samples of #1, #2 and #3 from each sampling transect.    The 
near-water sample is combined by samples of #4 located along the waterline (elevation 0.0).   
The grain size characteristics of the along-shore composites in Table 3 show that the 
berm/upper-beach sample contains 0.4 percent of silt and 0.3 percent of gravel, with a mean 
grain size of 0.45 mm (1.16 phi), and standard deviation of 0.91 phi that represents moderately 
sorted sand.  More fine and coarse sediments were found in nearshore composite that contains 
4.6 percent of silt and 1.4 percent of gravel, with a mean grain size of 0.17 mm (2.66 phi), and 
standard deviation of 1.22 phi that indicates poorly sorted sediment.   The coarsest sediments 
were found in near-water composite that contains 7.7 percent of gravel and 0.9 percent of silt, 
with a mean grain size of 1.16 mm (-0.22 phi), and standard deviation of 1.34 phi indicating 
poorly sorted sediment.   
 
The overall character of the native beach sediments along-shore direction is fairly uniform.    
The berm/upper beach sediments consist of moderately sorted sand with small percentages of silt 
and gravel.   The nearshore sediments (below water level) consist of higher percentages of silt 
and fine sized sand.   The sediments near waterline consist predominately of medium to coarse 
sand-sized shell fragments or carbonate sand with some gravel-sized shell fragments or whole 
shells, demonstrating the most noticeable variances in grain size.      
 
 
Table 3. 
 

Sediment Character and Statistical Analyses of the Native Beach and Borrow Area II 
 
SAMPLES 

GRAIN SIZE 
MEAN  

(mm)     ( phi) 

SILT 
( #230 sieve) 

% 

 
SAND 

% 

GRAVEL* 
(#4 sieve) 

% 

ST. DEV 
(Sorting) 

(Phi) 

 
COLOR 

CSII Borrow Area Composite 
Composite 0.39  1.36 0.0 98.5 1.5 1.0  

Mid-Reach Native Beach 
R-83 0.24  2.17 3.6 95.9 0.5 1.10 Greenish grey 
R-93 0.31  1.74 1.8 94.4 3.8 1.72 Greenish grey 
R-99 0.35  1.57 2.5 97.1 0.4 1.48 Lt. grey 

R-105 0.36  1.52 2.7 92.6 4.7 1.85 Lt. greenish grey 
R-109 0.31  1.73 2.6 97.4 0 1.19 grey 

Composite 0.31  1.75 2.6 95.5 1.9 1.51  
Upper beach 0.45  1.16 0.4 99.3 0.3 0.91  
Near-water  1.16 -0.22 0.9 91.4 7.7 1.34  
Nearshore 0.17  2.66 4.6 94.0 1.4 1.22  

Notes:  * Based on the data availability, #5 sieve is used for CSII materials, while #4 sieve is 
used for native beach.      CSII composite data are based on Olsen Associates, 2004.  
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5.0 SUITABILITY ANALYSIS 
 
In view of the different sediment characteristics between the borrow material and native beach 
material, a comparative analysis on the suitability of the borrow materials has been conducted. 
Based on comparative analysis of suitability and compatibility between the CS-I borrow area and 
the native beach, at the time of the Army Corps of Engineers Shore Protection Study in 1995, the 
material is suitable and compatible with the native beach materials.  The mean composite grain 
size of the sediments within borrow area CS-I was 0.30 mm (1.75 phi) with a standard deviation 
of 1.03 phi.  The overfill factor of the borrow material from CS-I is 1.0, when compared to the 
native beach at the time of Shore Protection Study. 
 
The textural parameters and the results of grain size statistics for both of the native beach and the 
CSII borrow sources are summarized in Table 3.  Comparing with the composite borrow 
materials, the composite native beach is finer and contains more silt (2.6 percent) than the 
borrow materials, which contain no silt.  Figure 6 shows the composite grain size distribution for 
both the native beach (denoted composite) and the borrow materials (denoted BA-CSII).   The 
composite median grain diameters (D50) for the borrow material and the native beach are 0.34 
mm and 0.26 mm, respectively, indicating that the median grain size of the borrow material 
exceeds that of the native beach by 0.08 mm.  The borrow material is considered suitable for the 
Mid-Reach beach, because it is better sorted and contains less gravel and silt than the native 
beach does.  An advantage of using coarser materials for beach nourishment is that the coarser 
materials could provide an improved resistance to storm-induced erosion.     It shall expect, 
however, that fills with coarse materials may produce a noticeable steeper beach, which may 
become a design issue.     
 
Comparing the frequency weight percent curves of the composite native beach and the borrow 
material as depicted in Figure 7, there is a difference in grain size characteristics between the 
borrow material and the native beach.  The grain size of composite borrow material demonstrates 
a near Gaussian (normal) distribution; while the composite native beach shows a non-normal 
distribution due to a high percentage of silt and fine sand.  On Figure 8, the frequency weight 
percent curves of the composite borrow material and the native beach composites along-shore 
direction demonstrates a different picture.  The borrow material is mush coarser than the 
nearshore composite that demonstrates a highly skewed distribution toward fine size; while the 
borrow materials are fairly similar with the characteristics of the berm/upper beach composite 
that also has a near Gaussian distribution. 
 
An analysis of compatibility of the borrow material with the native beach has also been 
conducted.  An overfill factor has been estimated by using the method provided by the Coastal 
Engineering Manual (EM 1110-2-1100).   The overfill factor reflects the portion of borrow 
material that does not match the native sediment grain size distribution and fines are assumed to 
be lost to the offshore.  Conceptually, the overfill factor is the volume of borrow material 
required to produce a stable unit of usable fill material with the same grain size characteristics as 
the native beach sand.  The estimated overfill factor of the borrow material in the CS-II borrow 
area is 1.05, when compared to the project beach.  The overfill factor of 1.05 suggests that the 
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borrow material is compatible with the native beach sediments, and it will require approximately 
5 percent overfill materials from the CS-II borrow area for the beach nourishment project at the 
Mid-Reach segment. 
 
As the borrow area material will be dredged and placed into an upland holding area prior to truck 
haul and placement on the beach, the borrow material will require QA/QC. This is to make 
certain that any segregation of material from placement in the stockpile site is monitored so that 
the material meets minimum criteria for beach compatible material before being placed on the 
beach.  Mixing or exclusion of material may be required. 
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6.0 CONCLUSIONS 
 
The Canaveral Shoals Borrow Areas, CS-I and CS-II were both found to contain beach quality 
sand.  Borrow area CS-I is estimated to contain 16 mcy of beach quality sand and has not yet 
been dredged.  Borrow area CS-II has been dredged several times since September 2000 in 
support of beach re-nourishment projects along the Brevard County shoreline.    The remaining 
volume of the sand in the borrow area is approximately 21.3 mcy (cultural exclusion areas being 
deducted), based on the most recent survey of 2005.    
 
During the recent investigation, Mid-Reach native beach samples were collected along 5 cross-
shore transects located at five DEP Monuments: R83, R93, R99, R105 and R109.    The native 
beach sediments consist predominately of greenish or light grey colored, fine to medium grained 
quartz and carbonate sand with variable amount of shell fragments.   The composite sample is 
poorly sorted consisting of 2.6 percent silt and 1.9 percent gravel with a mean size of 0.31 mm.   
The median grain diameter (D50) of the composite sample is 0.26 mm.   The overall character of 
the native beach sediments along-shore direction is fairly uniform.    The berm/upper beach 
sediments consist of moderately sorted sand with small percentages of silt and gravel.   The 
nearshore sediments (below water level) consist of higher percentages of silt and fine sized sand. 
  The sediments near waterline consist predominately of medium to coarse sand-sized shell 
fragments or carbonate sand with some gravel-sized shell fragments or whole shells, 
demonstrating the most noticeable variances in grain size.    
 
Based on the comparative analyses of suitability and compatibility between the CS-II borrow 
material and the native beach, the material is suitable and is compatible with the native beach 
materials.    The overfill factor of the borrow material from CS-II is 1.05 when compared to the 
native beach.   The value of the overfill factor suggests that it will require approximately 5 
percent overfill materials for the Mid-Reach beach nourishment when using the borrow materials 
from the CS-II borrow area.  Although CS-I and CS-II both contain beach quality sand, borrow 
area CS-II is the preferred borrow area due to the anticipated increased cost of using small 
hopper dredges at borrow area CS-I 
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SECTION 404(b) EVALUATION 
ENVIRONMENTAL IMPACT STATEMENT 

ON 
BREVARD COUNTY MID REACH SHORE PROTECTION PROJECT 

BREVARD COUNTY, FLORIDA 
 
I. Project Description  
 

a. Location. The proposed work will be performed along the Atlantic Ocean 
shoreline of Brevard County, Florida. The proposed activity includes sand 
borrow areas offshore of Cape Canaveral, temporary stockpiling of sand in an 
upland disposal area at Canaveral Harbor/Cape Canaveral Air Station, and 
placement of beach fill and nearshore reef structures along 7.8 miles of 
shoreline between Patrick Air Force Base and Indialantic, between FDEP 
reference monument locations R75.4 and R119.  See Figure 2-1 in the main 
text.   

 
b. General Description. The project includes the following principal activities.  
Beach-quality sand will be excavated by hopper dredge from the Canaveral 
Shoals I or II offshore borrow areas (located in State and Federal waters, 
respectively).  The excavated sand will be hydraulically discharged to, and 
temporarily stockpiled within, the Poseidon Dredged Material Management 
Area (DMMA) near the north bank of the Canaveral Harbor basin at Cape 
Canaveral Air Station.  Initial maintenance activities of the DMMA will be 
undertaken to rehabilitate the banks and water control structures of the DMMA. 
Sand stockpiled within the DMMA will be mechanically excavated and 
transported by truck-haul to the Mid Reach project area shoreline and placed 
as dune and/or beach-face fill.  Approximately 4.8 acres of artificial reef 
structures will be placed in various locations along the project area shoreline, 
about 1000-ft from shore along the -15 ft MLW depth contour, more or less.  
The reef structures will consist of articulated concrete mats with coquina rock 
surface.  The surface of the placed reef structures shall be at depths of 
between approximately 12.4 and 14.6 feet, MLW.  The project activity includes 
monitoring of the borrow, beach fill, nearshore hardbottom and mitigation reef 
areas.  The anticipated renourishment requirement for the fill placement is in 
approximately three year intervals after initial construction.  Dredging of the 
offshore borrow area for upland stockpiling is anticipated to be in approximately 
six year cycles after initial construction.  Placement of sand fill will be in the 
form of dune restoration and maintenance along the northern 1.4 miles of the 
Mid Reach shoreline (“Reach 6”) and dune- and beach-face fill along the 
southern 6.2 miles of Mid Reach shoreline (“Reaches 1 through 5”).  The latter 
will widen the beach by between 10 and 30 feet, depending upon location.   
 
c. Authority.  A general re-evaluation report for Brevard County, Florida was 
authorized by the Water Resources Development Act of 2000, which stated 

 
SEC. 418 BREVARD COUNTY, FLORIDA 
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“The Secretary shall prepare a general reevaluation report on the project for shoreline 
protection, Brevard County, Florida, authorized by section 101(b)(7) of the Water Resources 
Development Act of 1996 (110 Stat. 3667), to determine, if the project were modified to direct 
the Secretary to incorporate in the project any or all of the 7.1 mile reach of the project that 
was deleted from the south reach of the project, as described in paragraph (5) of the Report 
of the Chief of Engineers, dated December 23, 1996, whether the project as modified would 
be technically sound, environmentally acceptable, and economically justified.”   

 
Additional language concerning the Mid-Reach was included in the Water 
Resources Development Act of 2007, as follows. 
 

SEC. 3045. BREVARD COUNTY, FLORIDA. 
“(a) SHORELINE.—The project for shoreline protection, Brevard County, Florida, authorized 
by section 101(b)(7) of the Water Resources Development Act of 1996 (110 Stat. 3667), is 
modified to authorize the Secretary to include the mid-reach as an element of the project from 
the Florida department of environmental protection monuments R-75.4 to R-118.3, a distance 
of approximately 7.6 miles. The restoration work shall only be undertaken upon a 
determination by the Secretary, following completion of the general reevaluation report 
authorized by section 418 of the Water Resources Development Act of 2000 (114 Stat. 
2637), that the shoreline protection is feasible.’’ 

 
 
d. General Description of Dredged or Fill Material.  

 
(1) General Characteristics of Material. The median grain size of 
the CS-I borrow area ranges from about 0.18 to 0.3 mm (about 
0.27 mm on composite average), with fine sediment content 
typically less than 3% finer than #200 and #230.  The median grain 
size of the CS-II borrow area ranges from approximately 0.3 to 0.4 
mm (about 0.34 mm on composite average), with average 
carbonate fraction of about 39%.  The fine sediment content of the 
material is less than 2% to 3% by core-boring and less than 
0.5% (finer than #200 sieve) measured in-place on the beach. 

 
(2) Quantity of Material. The total project requirement for the 
proposed beach fill activity along the Mid Reach is estimated to be 
about 3.2 million cubic yards, of which up to about 580,000 cubic 
yards is to be placed for initial construction.  The total project 
requirement for the remainder of the 50-year life of the Brevard 
County Shore Protection (North and South Reaches), including the 
proposed project, is estimated to be about 12 million cubic yards.  

 
(3) Source of Material. The two borrow areas proposed as the 
beach fill source, Canaveral Shoals I and II, are located from about 
5 nautical miles east-northeast and about 7.8 nautical miles east of 
the entrance to Canaveral Harbor, in State and Federal (Outer 
Continental Shelf) waters, respectively, in  water depths of about 20 
feet to 45 feet (MLW).  The Canaveral Shoals II offshore borrow 
area has been previously dredged for purposes of beach fill 
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placement along the Brevard County Shore Protection Project 
(North and South Reaches) and Patrick Air Force Base from 2000 
through 2005.  In the event that insufficient quantities of offshore 
sand are available in the upland stockpile, then interim use of 
upland borrow sources may be used.  Sand from these sources 
shall be compatible with the native beach and conform to State of 
Florida standards for use as beach fill. 
 

 
 

e. Description of the Proposed Discharge Site.  
 

(1) Location. Dredged sand from the offshore borrow areas shall be 
initially discharged to the existing Poseidon DMMA near the north 
bank of the Canaveral Harbor basin at the Cape Canaveral Air 
Station (CCAS) and Naval Ordinance Testing Unit (NOTU).  After 
dewatering, the sand will be periodically removed from the DMMA 
site, by truck-haul, and placed as dune and/or beach-face fill along 
the 7.8-mile Atlantic Ocean shoreline of the Mid Reach, between 
FDEP reference monuments R75.4 (south end of Patrick AFB) and 
R119 (north end of existing Brevard County Shore Protection 
Project, South Reach).  The mitigation reef structures shall be 
placed in various locations along the 7.8-mile Mid Reach shoreline, 
approximately 1000 feet seaward of the shoreline, in existing water 
depths of about 15 feet (mean low water).    

 
(2) Size. The Poseidon DMMA covers approximately 69 acres.  The 
total project beach fill area comprises 7.8 miles of shoreline.  The 
constructed mitigation reefs shall comprise about 4.8 acres of 
seabed, in aggregate total. 

 
(3) Type of Site. The Poseidon DMMA is a confined upland 
dredged material disposal area that has been previously utilized for 
the purpose of stockpiling hydraulically dredged sediment.  The 
sites for disposal (truck-haul placement) of the sand fill material are 
segments of eroded, sandy, recreational beach with naturally 
occurring rock hardgrounds that are variously exposed along and 
seaward of the low water shoreline. The seabed sites at which the 
submerged mitigation reef structures shall be placed consists of 
fine, barren sand with no known subsurface rock (within at least 10 
feet below the seabed) or adjacent hardgrounds.   
 
(4) Type of Habitat. The Poseidon DMMA is a confined, disturbed 
upland habitat.  The beach fill disposal site is a supratidal dry beach 
and high energy intertidal environment.  The placement site for the 
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mitigation structures is a submerged, normally turbid, energetic 
sand seabed habitat. 
 
(5) Timing and Duration of Discharge. The exact timing of initial 
construction is not known at the time of submittal of the Draft 
Supplemental Environmental Impact Statement. It is anticipated 
that construction will begin in 2010 or 2011 and will take 
approximately 12 to 24 months to complete, including construction 
of the mitigation reef.  Discharge (placement) of sand to the beach 
project area will be limited to November 1 through April 30, with 
special conditions for environmental protection implemented for 
construction from March 1 through April 30, and from November 1 
through 30 (early and late marine turtle nesting season, 
respectively).  No calendar restrictions are proposed for offshore 
dredging and discharge to the Poseidon DMMA or construction of 
the mitigation reef structures. 

 
f. Description of Disposal Method. Sediment from the offshore borrow areas will 
be obtained using a hopper dredge with pumpout capability for subsequent 
hydraulic discharge to the Poseidon DMMA. Sediment will be removed from the 
DMMA, transported to, and placed and graded along the beach project area by 
truck-haul and other mechanical grading equipment.   

 
 
II. Factual Determinations  
 

a. Physical Substrate Determinations.  
 

(1) Substrate Elevation and Slope. Details will available with the 
final design.  
 
(2) Sediment Type. Sand from the borrow areas is fine to coarse 
grained quartz sand with varying amounts of small broken shell 
fragments.  See also I.d(1) above. 
 
(3) Dredge/Fill Material Movement. The fill material will be subject 
to cross-shore erosion by waves with alongshore movement to both 
the north and south, and with principal net movement of fill material 
to the south.  
 
(4) Physical Effects on Benthos. The placement of sand on the 
beach face will result in the burial and loss of most of the beach 
infauna. Key components of these assemblages are surf clam and 
mole crab. With adequate recruitment, surf zone infauna including 
surf clams and mole crabs should recover within one year after 
completion of construction if the sedimentary characteristics of the 
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restored beach are adequate and as described above and indicated 
by prior analogous use of the proposed borrow area sediments.  

 
b. Water Circulation, Fluctuation and Salinity Determination.  

 
(1) Water Column Effects. Fill placement will not have long-term or 
significant impacts, if any, on salinity, water chemistry, clarity, color, 
odor, taste, dissolved gas levels, nutrients or eutrophication.  
 
(2) Current Patterns and Circulation. Currents in the project area 
are both tidal and longshore. Net movement of water due to the 
longshore current is typically from the north to the south.  
 
(3) Normal Water Level Fluctuations and Salinity Gradients. Tides 
in the project area are semi-diurnal. Elevations of mean high water 
and mean low water tidal datum in Brevard County are 
approximately 2 feet above and 1.9 feet below the NGVD’29 
vertical datum.   

 
c. Suspended Particulate/Turbidity Determinations. 

 
(1) Expected Changes in Suspended Particulates and Turbidity 
Levels in the Vicinity of the Disposal Site. There will be a temporary 
increase in turbidity levels in the waters adjacent to the Poseidon 
DMMA during hydraulic discharge and a potential temporary 
increase in turbidity levels in the waters adjacent to the Mid Reach 
project area shoreline during mechanical placement of the 
sediment to the beach face. Turbidity will be short-term and 
localized and no significant adverse impacts are expected. State 
standards for turbidity should not be exceeded during construction. 
Prior analogous use of the proposed borrow area sediment has not 
resulted in exceedence of stipulated State turbidity or water quality 
standards. 
 
(2) Effects on the Chemical and Physical Properties of the Water 
Column.  

 
(a) Light Penetration. The placement and spread of fill on the 
beach will increase turbidity in the nearshore area during 
construction. Because the immediate nearshore area is a 
high wave energy system and subject to naturally occurring 
elevated turbidity and sediment, increases due to project 
construction should not be significant. A nearshore turbidity 
monitoring program with a plume mixing zone of 150 meters 
from the hydraulic dredge and discharge sites will be 
implemented during construction. Turbidity will be monitored 
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during construction, and State standards for turbidity should 
not be exceeded. A nearshore monitoring program will be 
implemented to assess the potential secondary impacts of 
sedimentation and turbidity to nearshore hardbottom 
communities adjacent to the equilibrium toe of fill. 

 
(b) Dissolved Oxygen. Dissolved oxygen levels will not be 
altered by this project.  
 
(c) Toxic Metals, Organics, and Pathogens. No toxic metals, 
organics, or pathogens will be released by the project.  
 
(d) Aesthetics. Aesthetic quality will be reduced during that 
period when work is occurring. There will be a long term 
increase in aesthetic quality of the beach once the work is 
completed.  

 
(3) Effects on Biota.  

 
(a) Primary Productivity and Photosynthesis. The  level of 
suspended particles will temporarily increase  in the surf 
zone during construction. Suspended material will prevent 
light from reaching existing algae temporarily restricting 
photosynthesis and primary productivity in local areas. 
Potential secondary impacts of chronic turbidity and 
sedimentation will be assessed for the nearshore 
hardbottom communities during the post-construction 
monitoring.  
 
(b) Suspension/Filter Feeders. Suspension feeders will 
experience short-term impacts during construction, but no 
long-term adverse impact.  
 
(c) Sight Feeders. Visual feeders will experience short term 
impacts, but no long-term adverse impact.  
 
(d) Contaminant Determinations. Deposited fill material will 
not introduce, relocate, or increase contaminants.  
 
(e) Aquatic Ecosystem and Organism Determinations. The 
grain size characteristics and composition exhibited by the 
proposed fill material are similar to those of the existing 
beach sediments. Therefore, no sediment related impacts 
are expected. The proposed fill material meets the exclusion 
criteria, therefore, no additional chemical-biological testing 
will be required.  
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(1) Effects on Plankton. Although short term effects (e.g., clogging 
of feeding appendages) on plankton are likely, no adverse long-
term impacts to planktonic organisms are anticipated.  

 
(2) Effects on Benthos. Adverse long-term impacts to non-motile or 
motile benthic invertebrates on nearshore hardbottom habitat and 
soft bottom habitat are anticipated.  Impacts to hardshore habitat 
will be offset by the installation of suitable mitigative (replacement) 
reef habitat.  

 
(3) Effects on Nekton. No adverse long-term impacts to nektonic 
species are anticipated.  
 
(4) Effects on the Aquatic Food Web. No adverse long-term 
impacts to any trophic group in the food web are anticipated.  
 
(5) Effects on Special Aquatic Sites.  

 
(a) Coral Reefs. There are no coral reefs located within the 
proposed dredge and disposal areas.  

 
(b) Sanctuaries and Refuges. There are no sanctuaries or 
wildlife refuges located within the proposed dredge and 
disposal areas.  
 
(c) Wetlands. There are no wetlands located within the 
proposed dredge and disposal areas.  
 
(d) Mud Flats. There are no mud flats located within the 
proposed dredge and disposal areas.  
 
(e) Vegetated Shallows. There are no seagrass beds located 
within or adjacent to the dredge, Poseidon DMMA stockpile,  
beach fill or mitigation reef sites.  

 
(6) Endangered and Threatened Species. There will be no 
significant impacts on any threatened or endangered species from 
the proposed project.  No designated Critical Habitat of any 
threatened or endangered species is located within the project 
area. Sea turtle nesting may occur in the project area during the 
time that dredging and beach disposal takes place. If construction 
occurs during the nesting season, a nest monitoring and relocation 
program will be implemented as recommended by the USFWS. 
Protection measures for manatees, whales, shorebirds, gopher 
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tortoise, southeastern beach mice and indigo snake will be followed 
to minimize the potential for harm to these species.  
 
(7) Other Wildlife. No significant adverse impacts to small foraging 
mammals, reptiles, wading birds, or wildlife in general are 
expected.  
 
(8) Actions to Minimize Impacts. All practical safeguards will be 
taken during construction to preserve and enhance environmental, 
aesthetic, recreational, and economic values in the project area. 
Specific precautions that will be implemented in conjunction with 
the proposed project are discussed elsewhere in this 404(b) 
evaluation and in the Draft Supplemental Environmental Impact 
Statement for the project.  

 
f. Proposed Disposal Site Determinations.  

 
(1) Mixing Zone Determination. The fill material will not cause 
unacceptable changes in the mixing zone specified in the Water 
Quality Certification in relation to: depth, current velocity, direction 
and variability, degree of turbulence, stratification, or ambient 
concentrations of constituents.  
 
(2)  Determination of Compliance with Applicable Water Quality  
Standards.  Because of the inert nature of the fill material, State  
water quality standards will not be violated.  Turbidity monitoring 
will be implemented as stipulated by State permits 
 
(3) Potential Effects on Human Use Characteristics.  
 

(a) Municipal and Private Water Supplies. No municipal or 
private water supplies will be impacted by the 
implementation of the project.  
 
(b) Recreational and Commercial Fisheries. Recreational 
and commercial fisheries will not be permanently impacted 
by the disposal of dredged material on the beach. Minor or 
temporary adverse impacts to recreational fishing along the 
beach fill area may result from impacts to the nearshore 
hardbottom immediately along the shoreline; however, this 
may be evident as a seaward translocation of the fishing 
resource coincident with the addition of beach fill.  There 
may be minor increased, or new, opportunity for recreational 
fishing associated with the mitigation reef structures 
constructed along the shoreline. 
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(c) Water Related Recreation. Beach recreation will be 
enhanced by the nourishment of the beach. Nearshore 
snorkeling and fishing may be temporarily affected by 
increased turbidity in the vicinity of fill sites. The presence of  
construction-related equipment will create public safety risks 
at the beach sites. The creation of 4.8 acres of nearshore 
mitigative reef should provide alternate snorkeling/SCUBA 
habitat accessible from the beach.  Adverse impacts to 
swimming and surfing are not anticipated because of the 
narrow scale of beach fill to be placed immediately along the 
beach face, landward of locations where swimming and 
surfing occur.  The presence of the mitigation reefs may 
result in a minor, but not significant, effect to surfing 
conditions associated with the structures’ slight elevation of 
the seabed well seaward of the normal zone of wave 
breaking. 
 
(d) Aesthetics. The stabilization of an eroding beach will 
improve aesthetics of the beach.  
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(e) Parks, National and Historic Monuments, National 
Seashores, Wilderness Areas, Research Sites, and Similar 
Preserves.  There are numerous non-federal beach 
recreation areas, including parks and facilities, located along 
the beach fill project area.  The proposed activity is 
anticipated to maintain or improve beach recreation 
opportunities associated with these parks.  There are no 
other national and historic monuments, national seashores, 
wilderness areas, research sites and similar preserves 
located within the project areas. 
 
(f). Determination of Cumulative Effects on the Aquatic 
Ecosystem. As long as the characteristics (low proportion of 
fines) of fill material remain consistent with previous projects, 
there will be no significant cumulative impacts that result in a 
major impairment of water quality of the existing aquatic 
ecosystem as a result of placement of fill at the project site.  
The construction of 4.8 acres of mitigation reef will 
compensate for anticipated impacts to 3.0 acres of existing 
nearshore hardbottom along the project area shoreline.  
Previous monitoring has indicated no net cumulative, 
adverse effect to the exposure of existing nearshore 
hardbottom along or adjacent to prior beach nourishment 
activities conducted since at least 2005.  No cumulative 
impacts to turtles, fish or wildlife have been documented. 
 
(g). Determination of Secondary Effects on the Aquatic 
Ecosystem. No adverse secondary effects of the placement 
of the fill material are anticipated. Long-term monitoring will 
document potential secondary impacts of turbidity and 
sedimentation upon adjacent hardbottom habitats.  

 
 
III. Findings of Compliance or Non-compliance with the Restrictions on 
Discharge.  
 

a. No significant adaptations of the guidelines were made relative to this 
evaluation.  

 
b. No practicable alternative exists which meets the study objectives that does 
not involve discharge of fill into waters of the State of Florida and/or United 
States.  

 
c. After consideration of disposal site dilution and dispersion, the discharge of 
fill materials will not cause or contribute to, violations of any applicable State 
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water quality standards for Class III waters. The discharge operation will not 
violate the Toxic Effluent Standards of Section 307 of the Clean Water Act.  
 
d. The Brevard County (Mid Reach) Shore Protection Project will not jeopardize 
the continued existence of any species listed as threatened or endangered or 
result in the likelihood of destruction or adverse modification of any critical 
habitat as specified by the Endangered Species Act of 1973, as amended.  
 
e. The placement of fill material will not result in significant adverse effects on 
human health and welfare, including municipal and private water supplies, 
recreational and commercial fishing, plankton, fish, shellfish, wildlife, and 
special aquatic sites. The life stages of aquatic species and other wildlife will 
not be adversely affected. Significant adverse effects on aquatic ecosystem 
diversity, productivity and stability, and recreational, aesthetic, and economic 
values will not occur.  
 
f. On the basis of the guidelines, the proposed disposal site for the discharge of 
dredged material is specified as complying with the requirements of these 
guidelines.  



APPENDIX G 
 

COASTAL ZONE MANAGEMENT CONSISTENCY 



 FLORIDA COASTAL ZONE MANAGEMENT PROGRAM 
FEDERAL CONSISTENCY EVALUATION PROCEDURES 

 
BREVARD COUNTY MID REACH SHORE PROTECTION PROJECT 

BREVARD COUNTY, FLORIDA 
 
 
 
1. Chapter 161, Beach and Shore Preservation. The intent of the coastal 
construction permit program established by this chapter is to regulate 
construction projects located seaward of the line of mean high water and which 
might have an effect on natural shoreline processes. 
 
Response: The proposed plans and information will be submitted to the state in 
compliance with this chapter. 
 
2. Chapters 186 and 187, State and Regional Planning. These chapters establish 
the State Comprehensive Plan which sets goals that articulate a strategic vision 
of the State's future. It's purpose is to define in a broad sense, goals, and policies 
that provide decision-makers directions for the future and provide long-range 
guidance for an orderly social, economic and physical growth. 
 
Response: The proposed project has been coordinated with various Federal, 
State and local agencies during the planning process. The project meets the 
primary goal of the State Comprehensive Plan through preservation and 
protection of the shorefront development and infrastructure. 
 
3. Chapter 252, Disaster Preparation, Response and Mitigation. This chapter 
creates a state emergency management agency, with the authority to provide for 
the common defense; to protect the public peace, health and safety; and to 
preserve the lives and property of the people of Florida. 
 
Response: The proposed project involves the placement of beach compatible 
material onto an eroding beach as a protective means for residents, 
development, and infrastructure located along the Atlantic shoreline within 
Brevard County. Therefore, this project would be consistent with the efforts of 
Division of Emergency Management. Appropriate mitigation for unavoidable 
impacts to nearshore hardbottom habitat has been proposed. 
 
4. Chapter 253, State Lands. This chapter governs the management of 
submerged state lands and resources within state lands. This includes 
archeological and historical resources; water resources; fish and wildlife 
resources; beaches and dunes; submerged grass beds and other benthic 
communities; swamps, marshes and other wetlands; mineral resources; unique 
natural features; submerged lands; spoil islands; and artificial reefs. 
 



Response: The proposed beach nourishment would create increased 
recreational beach and potential sea turtle nesting habitat. No seagrass beds, 
swamps, marshes and other wetlands; mineral resources; unique natural 
features; spoil islands; and artificial reefs are located within or adjacent to the 
areas proposed for dredging, disposal, beach fill placement, or mitigation.  The 
proposed project would comply with the intent of this chapter. 
 
5. Chapters 253, 259, 260, and 375, Land Acquisition. This chapter authorizes 
the state to acquire land to protect environmentally sensitive areas. 
 
Response: No land acquisition is proposed in this project. 
 
6. Chapter 258, State Parks and Aquatic Preserves. This chapter authorizes the 
state to manage state parks and preserves. Consistency with this statute would 
include consideration of projects that would directly or indirectly adversely impact 
park property, natural resources, park programs, management or operations. 
 
Response:  There are no state parks or preserves within or along the project 
area. 
 
7. Chapter 267, Historic Preservation. This chapter establishes the procedures 
for implementing the Florida Historic Resources Act responsibilities. 
 
Response: No significant impacts to historical properties are expected from 
construction of the proposed Brevard County Mid Reach Shore Protection 
Project based upon the results of site investigations and this coordination.  
 
 
8. Chapter 288, Economic Development and Tourism. This chapter directs the 
state to provide guidance and promotion of beneficial development through 
encouraging economic diversification and promoting tourism. 
 
Response: The proposed beach nourishment would provide more space for 
recreation and the protection of recreational facilities along the receiving beach. 
This would be compatible with tourism for this area and therefore, is consistent 
with the goals of this chapter. 
 
9. Chapters 334 and 339, Public Transportation. This chapter authorizes the 
planning and development of a safe balanced and efficient transportation system. 
 
Response: No public transportation systems would be impacted by this project. 
 
10. Chapter 370, Saltwater Living Resources. This chapter directs the state to 
preserve, manage and protect the marine, crustacean, shell and anadromous 
fishery resources in state waters; to protect and enhance the marine and 
estuarine environment; to regulate fishermen and vessels of the state engaged in 



the taking of such resources within or without state waters; to issue licenses for 
the taking and processing products of fisheries; to secure and maintain statistical 
records of the catch of each such species; and, to conduct scientific, economic, 
and other studies and research. 
 
Response: The proposed project is expected to impact approximately 3 acres of 
nearshore hardground by the placement, and subsequent movement, of sand fill 
along the existing beach.  These impacts are expected to be located along the 
southern 6.4 miles of the 7.6-mile long Mid Reach shoreline.  The anticipated 
impact area (3 acres) represents approximately 7% of the total area of exposed 
hardgrounds measured in June 2004, comprising about 31.3 acres along the 
Mid-Reach and an additional, adjacent 11.2 acres along the southern mile of the 
Patrick Air Force Base shoreline.  Adverse impacts to saltwater living resources 
shall result along that portion of the existing hardgrounds that are impacted (i.e., 
by burial or sedimentation) by the project.  The habitat and biota along the 
existing nearshore hardgrounds are characterized by an area of naturally high 
turbidity, sedimentation, and large temporal variations in rock exposure and 
burial.  The impacts from the proposed project are anticipated to occur mainly 
along the inshore (landward) portion of the hardgrounds which typically features 
the greatest natural degree of sedimentation.  Impacts from the project are 
anticipated to be temporal; i.e., decreasing from about 3 acres to less than 2 
acres between beach renourishment events, anticipated to occur in 
approximately 3-year cycles.  
 
The project formulation has sought to avoid, minimize and mitigate impacts to the 
nearshore hardbottom and associated saltwater living resources.  To 
compensate for the estimated 3-acres of impacts to the nearshore rock hard 
grounds, the project will construct approximately 4.8 acres of mitigation reef 
along the project area.  The mitigation reef will consist of articulated concrete 
mats with coquina-rock surface, intended to emulate the physical relief and 
surface of the naturally occurring rock hardgrounds.  The reef structures will be 
constructed in approximately 15 ft water depth, about 1000-feet from the Mid 
Reach shoreline.  The placement depth of the reef was established as far 
landward (in shallow water) as concluded to be possible in view of practical, 
physical limitations.  (See Appendix SEIS-F).  Observations and measurements 
on pilot-project reef structures, placed in the same water depths and locations 
proposed for the mitigation structures, indicate that the mitigation reef is 
reasonably expected to foster recruitment and coverage of algae, worm-rock and 
other epifauna that is similar to that of the impacted nearshore rock. (See 
Appendix SEIS-D and SEIS-E.) Overall, it is estimated that the mitigation reefs 
should restore about 75% of the lost ecological functions across that portion of 
the hard grounds that will be impacted.  (See Appendix SEIS-G.)  Multi-year 
biological and physical monitoring shall be conducted to assess impacts to hard 
ground and performance of the mitigation reef relative to project expectations.  
(See Appendix SEIS-J.) 
 



The beach fill material (sediment) proposed for the project is beach compatible 
and features very low fine-sediment content (<2%).  The Canaveral Shoals I (CS-
I) borrow area is located in State of Florida waters, and the Canaveral Shoals II 
(CS-II) borrow area is in Federal waters of the Outer Continental Shelf.  Both 
contain large quantities of beach compatible material (over 50 million cubic yards 
in total), and neither are located in the vicinity of seagrasses, hardgrounds or 
similarly sensitive environmental resources.  The CS-II borrow area has been 
utilized as an offshore source of beach fill sediment along Brevard County on 
numerous occasions from 2000 through 2005.  Material placed to the beach from 
this borrow area has demonstrated suitability for marine turtle nesting and 
hatching success.  Prior dredging and disposal of this material has not resulted in 
turbidity levels that approach or exceed State water quality standards.  
Placement of the fill material to the beach project area shall be by mechanical 
(truck-haul) means after the material has previously been hydraulically 
discharged and settled within an upland disposal area.  There are no pipelines, 
anchors or other physical structures to be placed along the nearshore 
hardgrounds during construction. This shall further minimize the effects of 
turbidity and/or direct mechanical impacts to the existing nearshore hardgrounds 
and associated saltwater living resources. 
 
 
11. Chapter 372, Living Land and Freshwater Resources. This chapter 
establishes the Game and Freshwater Fish Commission and directs it to manage 
freshwater aquatic life and wild animal life and their habitat to perpetuate a 
diversity of species with densities and distributions which provide sustained 
ecological, recreational, scientific, educational, aesthetic, and economic benefits. 
 
Response: The project will have no significant effect on freshwater aquatic life or 
wild animal life. 
 
12. Chapter 373, Water Resources. This chapter provides the authority to 
regulate the withdrawal, diversion, storage, and consumption of water. 
 
Response: This project does not involve water resources as described by this 
chapter. 
 
13. Chapter 376, Pollutant Spill Prevention and Control. This chapter regulates 
the transfer, storage, and transportation of pollutants and the cleanup of pollutant 
discharges. 
 
Response: The contract specifications will prohibit the contractor from dumping 
oil, fuel, or hazardous wastes in the work area and will require that the contractor 
adopt safe and sanitary measures for the disposal of solid wastes. A spill 
prevention plan will be required. 
 



14. Chapter 377, Oil and Gas Exploration and Production. This chapter 
authorizes the regulation of all phases of exploration, drilling, and production of 
oil, gas, and other petroleum products. 
 
Response: This project does not involve the exploration, drilling or production of 
gas, oil or petroleum product and therefore, this chapter does not apply. 
 
15. Chapter 380, Environmental Land and Water Management. This chapter 
establishes criteria and procedures to assure that local land development 
decisions consider the regional impact nature of proposed large-scale 
development. 
 
Response: The proposed renourishment project will not have any regional impact 
on resources in the area. Therefore, the project is consistent with the goals of 
this chapter. 
 
16. Chapter 388, Arthropod Control. This chapter provides for a comprehensive 
approach for abatement or suppression of mosquitoes and other pest arthropods 
within the state. 
 
Response: The project will not further the propagation of mosquitoes or other 
pest arthropods. 
 
17. Chapter 403, Environmental Control. This chapter authorizes the regulation 
of pollution of the air and waters of the state by the Florida Department of 
Environmental Regulation (now a part of the Florida Department of 
Environmental Protection). 
 
Response: A Draft Environmental Impact Statement addressing project impacts 
has been prepared and is under review by the appropriate resource agencies 
including the Florida Department of Environmental Protection. Environmental 
protection measures will be implemented to ensure that no lasting adverse 
effects on water quality, air quality, or other environmental resources will occur. 
Water Quality Certification will be sought from the State prior to construction. The 
project complies with the intent of this chapter. 
 
18. Chapter 582, Soil and Water Conservation. This chapter establishes policy 
for the conservation of the state soil and water through the Department of 
Agriculture. Land use policies will be evaluated in terms of their tendency to 
cause or contribute to soil erosion or to conserve, develop, and utilize soil and 
water resources both onsite or in adjoining properties affected by the project. 
Particular attention will be given to projects on or near agricultural lands. 
 
Response: The proposed project is not located near or on agricultural lands; 
therefore, this chapter does not apply.  
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EXECUTIVE SUMMARY 

The U.S. Anny Corps of Engineers (Corps) requested a Fish and Wildlife Coordination 
Act Report (FWCAR) from the U.S. Fish and Wildlife Service (Service) on the 
environmental effects of a proposed beach nourishment project along the Mid-Reach in 
Brevard County, Florida. The project includes a fill area 7.78 linear miles adjacent to a 
significant nearshore hard bottom area that is designated as Essential Fish Habitat (EFH). 
The Corps has estimated that up to 3.0 acres of this hard bottom will be buried by the fill. 
The borrow area for this project is under separate review and not evaluated in this 
FWCAR. 

The Corps proposes standard beach nourishment protocols in tenns of timing and actions 
to reduce impacts on nesting sea turtles and shorebirds. The Corps also proposes the 
deployment of a limestone mitigation reef (acreage to be determined), several hundred 
meters seaward in 15 feet of water in an effort to provide compensation for the loss of the 
natural nearshore hard bottom. 

The cmTently proposed project may affect the threatened loggerhead (Caretta caretta), 
the endangered green (Chelonia mydas), the endangered leatherback (Dermochelys 
coriacea), the endangered hawksbill (Eretmochelys imbricata) and the endangered 
Kemp's ridley (Lepidochelys kempii) sea turtles. It may also interrupt the wintering 
piping plover (Charadrius melodus) and nesting shorebirds including the Wilson' s plover 
(Charadrius wilsonia). The sand overburdens will bury numerous species ofbun·owing 
invertebrates that support the beach structure and ecological function. 

The project will cause the mortality, through burial, of many nearshore sessile and some 
motile aquatic species. The habitat and function provided by the buried nearshore hard 
bottom wi ll be lost. The total direct impacts which include vertical relief, underside of 
ledges and interstitial spaces is not known. The future maintenance of this beach will 
require routine sand nourishment and repeated burials of this area preclude long term 
recovery. 

The extent of the indirect effects of the project such as turbidity and sedimentation is not 
completely known at this point. The ephemeral nature of the nearshore hard bottom in 
areas not directly impacted makes the level of functionality that may remain as a result of 
additional turbidity difficult to detennine. Extensive post-monitoring of the nearshore 
hard bottom is necessary. 

The mitigation proposed for the nearshore hard bottom losses is not yet a proven fom1 of 
approp1iate mitigation. The offshore deployment of a limestone artificial reef of 
equivalent volume, surface area, and complexity may provide partial compensation for a 
sector of the community lost from the nearshore (e.g. Phragmatapoma, algae and some 
invettebrate species). However, based on literature reviews and discussions with the 
National Oceanic Atmospheric Administration's Marine Fisheries Service (NOAA 
Fisheries), it remains to be proven that the assemblage of juvenile and larval fish species, 
and certain invettebrates currently relying on the nearshore hard bottom will recruit to the 
mitigation reef placed in deeper waters. Ecological function there may not mitigate for 
the loss of the nearshore hard bottom. 



Service Recommendations: 

The nearshore hard bottom proposed to be buried should be evaluated prior to the 
nourishment. The habitat and function of the nearshore hard bottom communities should 
be assessed with routine surveys designed to assess populations and life cycles of the 
various macroalgae, invertebrates and fish. A long-term monitoring strategy should be 
created prior to the first nourishment event. This long-term monitoring strategy should 
focus on the direct, indirect and cumulative impacts of the nourishment on the nearshore 
hard bottom ecosystem. A study of the turbidity before, during, and after the proposed 
project should be conducted. 

Since the Mid-Reach is a Resource Category 1, the Service recommends no loss of 
habitat value/ecological function through avoidance, minimization and mitigation. Prior 
to the project, the resource agencies have discussed avoidance and minimization to the 
maximum extent practicable. Mitigation has been analysis tlu·ough the Unifonn 
Mitigation Assessment Method (UMAM) process. 

The proposed mitigation reef concept should be further evaluated in advance of the burial 
of the nearshore hard bottom. It is important to demonstrate through a comparative 
analysis that the proposed mitigation reefs placed in deeper water actually replace the 
ecological functions/refugee that nearshore habitats provide for early life stages of 
species. An alternative mitigation plan should be in place if the proposed mitigation reef 
does not in fact mitigate for the near shore hard bottom functional loss or the impacts are 
more than expected. Consideration should be made for those functions that remain 
unknown. Since the mitigation plan is experimental, continual monitoring is necessary 
to ensure that the habitat corridor, water quality, substrate (attachment site), shelter, 
nesting area, feeding area and nursery area assessed through the UMAM process are 
mitigated. 

The resource agencies should conduct a meeting with the infonnation received after the 
first nourislunent event and prior to the subsequent nourishment event to discuss the 
actual impacts and decide if these losses were mitigated. 

The resource agencies should discuss the long-term impacts and the initial proposed 
mitigation ratios after the post-monitoring reports of the nearshore hard bottom and the 
mitigation reef are available. If the monitoring demonstrated that the mitigation ratios 
are no longer valid with the new information received, an alternative plan should be 
discussed that would replace the ecological functions/refugee that nearshore habitats 
impacted. 

Threatened and endangered species impacts will be discussed in detail in a forthcoming 
Biological Opinion (BO). 



INTRODUCTION 

This FWCAR comprises the recommendations of the Service based on surveys and 
investigations, as provided for in Section 2(b) of the Fish and Wildlife Coordination Act 
(FWCA) (48 stat. 401, as amended) for the Brevard County Mid-Reach Shore Protection 
Project General Re-evaluation Report. This FWCAR was prepared in accordance with 
guidance issued by Region 4, Service (Policy and Guidance on Fulfillment of Fish and 
Wildlife Coordination Act Responsibilities in the Corps of Engineers Water Resources 
Development Program, March 1987). The Corps is the lead Federal agency for 
implementation of this project, heretofore referred to as the Mid-Reach project. 

The report reviews the tentatively selected plan and the locally preferred plan (LPP), and 
summarizes potential beneficial and adverse effects on nearshore marine resources with 
special attention to hard bottom habitat, fish and wildlife resources, water quality and 
fisheries. Recommendations are provided to help maximize project benefits, and avoid, 
minimize, and compensate for incidental adverse effects in accordance with the Service's 
Mitigation Policy (Federal Register 46(1 5):7644-7663). 

Although effects on recreation and economics are not addressed in this repOit, the Service 
supports the Project's Purpose and Need, which includes minimizing loss of dune 
habitats within the project area. Careful selection and implementation of an alternative, 
mitigation of adverse effects, and enhancement of other affected habitat in the Project 
area, would help ensure that the Project meets its purpose, and provides the greatest 
possible ecosystem benefits. Evaluations and recommendations were based on resource 
descriptions and project information available at the time of report preparation, including 
the biological assessments, draft descriptions of project alternatives (US ACE, Revised 
Scope C.A.R., May 2007); field surveys, reports; draft engineering designs, the Mid
Reach Draft Supplemental Environmental Impact Statement and interviews with non
govenunental organizations (NGO). 

In accordance with the FWCA, copies of this draft report have been provided to National 
Oceanic and Atmospheric Administration (NOAA) Fisheries and Florida Fish and 
Wildl~fe Conservation Commission (FWC) for their review and input. The draft report 
also will appear as an appendix to the Project's SEIS. As a draft document, the contents 
of the report are provisional and therefore subject to revision. The Service invites 
comments regarding the data, assessments, views, and recommendations provided in the 
report. Consultation pursuant to the FWCA will continue throughout project planning, 
and a final FWCA report will be submitted to Corps for their consideration prior to 
completing the Project' s Record of Decision (ROD). 

The purpose of this report is to assess and minimize the impacts of existing fish and 
wildlife resources in and adjacent to the Corps shore projection project in the Mid-Reach 
section of Brevard County, Florida. Nourishment of the Atlantic shoreline of Brevard 
County was authorized by the River and Harbor Act of 1968 (N.A. 1992). The focus of 
this FWCAR is on the tentatively selected plan, the LPP, and how they may impact the 
nearshore marine resources with special attention to hard bottom habitat, areas of 
importance to fish and wildlife, occunence of threatened or endangered species, water 
quality, and fisheries. 



The FWCAR will: 
a. Discuss significant fish and wildlife and other known resources within the area and the 
diversity and density of species and habitat present, 
b. Identify potential impacts, management opportunities and mitigation during project 
design, construction and operation, 
c. Detennine and evaluate the effects of potential increases in siltation and sedimentation 
as a result of the proposed project on nearby natural habitats; 
d. Discuss alternatives to minimize or avoid significant impacts to natural resources and 
provide recommendations to mitigate possible impacts; and 
e. Include copies of correspondence pertaining to the FWCA studies and the report in the 
appendices. 

Background: 

The Final Environmental Impact Statement (EIS) Brevard County Shore Protection Study 
was completed in 1996 and included plans for several alternatives to provide beach 
nourishment and shoreline protection in Brevard County (Corps, 1996). That document 
included the Service's Coordination Act Report (Service, 1995) in the appendices. The 
1996 EIS evaluated several options, however, the limited infonnation on the nearshore 
hard bottom did not allow for planners to adequately address the potential impacts to the 
7.78 mile portion of the hard bottom referred to as the "Mid-Reach". Figure l shows the 
vicinity map and the general area of concern including the central portion that represents 
the Mid-Reach. The Service and NOAA Fisheries coordinated with Brevard County and 
the Corps and found data deficiencies for the Mid-Reach which resulted in the agencies 
concuning on shore protection measures that were limited to the areas north and south of 
the Mid-Reach. The agencies detennined that a more intensive investigation of the 
environment and potential impacts to the nearshore hard bottom and associated flora and 
fauna along the Mid-Reach would be required before proposed options would be further 
considered. 

The Brevard County shore protection project was authorized under a resolution adopted 
September 23, 1982, by the Committee on Public Works and Transpot1ation and the U.S. 
House of Representatives. Since that time, correspondence between Brevard County and 
the Corps reflects the county' s continued interest in nourishing problem areas. The Corps 
posted the Public Notice in January 1992, and the Service responded with a Planning Aid 
Report in March 1992. Additional public seeping meetings took place on November 29, 
2005, in Satellite Beach, Florida to encourage public comment on the project. Field 
reconnaissance related to the FWCAR preparation was perfonned in 2005 and early 
2006. 

From 2003 to 2006, additional studies provided baseline information for the SEIS (SEIS 
in progress, Continental Shelf Associates (2005), Dynamac Corporation (2005), Olsen 
Associates, (2003)) to augn1ent the Final EIS Brevard County Shore Protection Study 
(Corps, 1996). 
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A meeting was convened on December 6, 2005, including representatives of the Corps, 
NOAA Fisheries, Flmida Department ofEnvironmental Protection (FDEP), FWC, Olsen 
Associates, Dynamac Corporation, and the Service. 

On June 13, 2007, an additional interagency meeting was held by the Corps and included 
the NOAA Fisheries, FDEP, FWCC, Olsen Associates, Inc., Brevard County, East Coast 
Biologists, and the Service. The meeting included discussions on the selected plan, on
going mitigation tests and general ideas for monitoring plan development. 

PROJECT DESCRIPTION 

The Mid-Reach Study was authorized by Section 418 of the Water Resources and 
Development Act of 2000 (Public Law 106-541 ). The entire 7. 78-mile length of the Mid
Reach shoreline has been critically eroded with 62% of its oceanfront development 
anticipated to be lost to storm damage during the next 50 years. In cooperation with 
Brevard County, the Corps evaluated over 90 alternative solutions that could maximize 
shore protection benefits while minimizing enviro1m1ental impacts. For planning 
purposes, the Corps divided the Mid-Reach into six segments or "reaches" with the 
southern most reach being labeled "1" and the northern most being "6". Shore protection 
alternatives evaluated by the Corps included multiple combinations of those listed in 
Table 1 along the six reaches of this beach area. 

Detailed engineering and economic analyses were perfonned by the Corps to identify 
beach nourishment as the tentatively selected plan (TSP, chosen in June 2007). Beach 
nourishment is generally regarded as the shore protection alternative that would provide 
the most benefits for the Mid-Reach. Under this scenario, dredged material would be 
pumped from Canaveral Shoals and into an upland placement area at Cape Canaveral Air 
Force Station. The material would then be trucked to the Mid-Reach. Bulldozers would 
be employed to grade the material and complete the fill template. This solution is highly 
desirable to the Corps as it imparts protection for shoreline infrastructure while at the 
same time provides a recreational beach. As for the other alternatives, listed in Table 1, 
the Corps' assessment indicated that placement ofhard structures (i.e. groins, revetments, 
etc.) along the Mid-Reach would probably not meet the desired objectives of the shore 
protection project. Groin field installation in this situation would most likely not provide 
beneficial effects but may actually exacerbate existing problems. Armoring such as 
revetment construction, would result in the loss of the beach and therefore, also does not 
meet project objectives. In addition to the problems posed by hard structures, it is 
generally considered that retreat from the shoreline by acquisition of properties would 
prove to be too expensive on a large scale. 



T bl 1 L' a e 1St 0 f h It db th c s ore pro ec ton a emattves eva uate y e . 2006 orpsm 
1. No Action. 

Allows the existing conditions to determine the future of the Mid-Reach shoreline. Expected 
future conditions involve continued erosion of the shoreline and probable loss of adjacent 
development. 

2. Hard Structures 
Hard structures are a last resort for most large-scale shore protection projects. However, a 
combination of hard structures may provide relief from on-going erosion along the Mid-Reach 
while minimally impacting sensitive hard bottom habitat along the shoreline. These solutions may 
be the most feasible options in areas with high rock density (the northern half of the Mid-Reach). 

2a. Groins. 
A group of either straight or T-head groins could be utilized to locally reduce the long-term 
erosion of the beach. The goal would be to 'hold the line' over the course of the project life to 
reduce the MHW line and bem'lldune erosion that threatens upland development. This alternative 
could offer relief from erosion while potentially minimizing impact to the hard bottom resource. 

2b. Revetments. 
The construction of a rock or geo-tube revetment could provide long tenn erosion and storm 
damage reduction benefits, while not directly impacting the reef rock. This option, in the absence 
of periodic fill would likely result in little or no dry beach fronting the structures after a number 
of years. 

2c. Breakwaters/Submerged Reefs. 
Shore-parallel structures such as breakwaters or submerged reefs could be utilized to attenuate 
wave energy impacting the Mid-Reach and reduce erosion. These structures might also be utilized 
as part of the in-kind mitigation for reef rock impacts. Several scenarios were investigated 
including a perched fill behind the structures or a series of submerged breakwaters that alleviate 
long-tenn erosion in the area, i.e. reef balls adhered to reticulated concrete mattresses. 

3. Beach Nourislunent 
Placement of beach quality sand in the clune or on the beach. The smaller density fills would be 
constructed with truck-hauled sand, the larger density fills would be hydraulically placed. 

3a. Dune Fill. 
Brevard County Mid-Reach beaches are not anchored by a traditional dune at their landward side, 
but by a relatively steep bluff that defines the upland from the beach berm. This bluff is at 
elevation 13-16 feet (NGVD). Beach fill in front of the bluff and above berm height (8.1 feet 
NGVD) could be placed to provide stom1 damage reduction benefits and provide ' feeder' 
material for the berm as it naturally erodes. This option would have minimal or no impact on the 
hard bottom resource. 

3b. Beach Nourishment. 
Beach nourishment alternatives will be developed for each reach (1 through 6) based on 
advancement of the MHW line in 20-foot increments to optimize shore protection benefits and 
project costs. The initial assumption regarding rock impacts is that 100% of the rock fronting any 
nourished beach will be covered and will require mitigation. 

4. Retreat and Acguisition. 
Vulnerable properties along the shoreline would be purchased thereby creating a buffer zone. 



Description of the National Economic Development (NED) Plan: 

The NED (referred to by the Corps as Alternative 19) consists of a 1 0-foot extension of 
the mean high water line plus advanced nourishment to maintain that design fill volume 
in Reaches 1; a 20-foot extension of the mean high water line plus advanced nourishment 
to maintain that design fill volume in Reach 2; a 30-foot extension of the mean high 
water line plus advanced nourishment to maintain that design fill volume in Reach 3; a 
dune with no added advanced nourishment in Reach 4; a 1 0-foot extension of the mean 
high water line plus advanced nourishment to maintain that design fill volume in Reach 
5; and a dune fill with no added advanced nourishment in Reach 6. The fill will be 
accomplished by rehabilitating the Poseidon dredged material management area 
(DMMA) at Port Canaveral, dredging material from Canaveral Shoals with placement 
into the Poseidon DMMA, and hauling by dump truck to the Mid-Reach for placement on 
the beach at approximately 3 year intervals. The NED plan offers storm protection 
ranging from a 5-year storm level to a 75-year stonn, varying along the length of the 
Mid-Reach. The plan includes 3.0 acres of environmental impact to the nearshore rock 
resources, following minimization of the impacts as much as possible while still offering 
maximum stonn damage reduction. Project costs include mitigation for these rock 
impacts. The Corps determined that the NED plan offers the best solution, maximizing 
stonn damage reduction benefits, while also minimizing environmental impact and 
maximizing the level of storm protection. Issues related to the fill material to be used for 
nourishment were evaluated earlier and are not part of this FWCAR. 

Mitigation Plan: 

Mitigation for impacts due to direct and indirect cover of the nearshore rock will be 
included in the project construction. The TSP includes impacts in Reaches 1 to 5 and no 
impact in Reach 6. The area impacted is on the landward edge of the nearshore rock, 
resulting in the small width ofrock impacted but over the whole length of Reach 1 to 5. 
The calculated impact acreage is 2.9 acres out of the total of33.66 acres of nearshore 
rock in the Mid-Reach study area. The nearshore rock seaward of the fill area will not be 
impacted. The mitigation quantity is calculated using a ratio of 1.6 mitigation acres 
required for every acre of natural rock impacted (CSA et al. 2006). As the impact 
quantity is 2.9 acres, the mitigation proposed will total 4.64 acres. 

Mitigation Construction: 

The preferred mitigation plan is the articulated concrete mats with coquina. The units are 
prefabricated concrete mats and can be connected to provide stability and contiguous 
habitat. The surface of each unit is imbedded with natural coquina stone that is similar to 
the natural rock in the area. The habitat relief is similar to the low-lying natural rock. 
The mitigation reefs will be placed seaward (approximately 300m or 1000 ft) of the 
natural nearshore rock in water depths approximately 14 to 16 ft within the Mid-Reach 
study area. A safety buffer of I 00 feet will be used around natural rock. Construction 
equipment is not capable of working from the beach and reaching past the nearshore 
rock, so Coast Guard approved barges will be used that can safely operate in the wave 
environment experienced in Brevard County. A crane will be used to lift the concrete 



mats from the barge and will place them into the water. Placement locations and 
construction costs will be further refined during the detailed analysis phase. 

Potential Locally Preferred Plan (Tentatively Selected Plan): 

The NED plan described above is the plan that maximizes the net benefits for the project 
area while minimizing environmental impact. In this case, the project sponsor decided 
that another plan is better suited to their needs, and the team will be required to abide by 
the current policy guidance regarding locally preferred plans (LPPs). If the LPP has a 
greater total project cost than the NED plan, the difference will be paid at 1 00% non
Federal cost. If the LPP has a lesser total project cost than the NED plan, the total project 
cost will be cost shared at the same percentage as the NED plan. All LPPs must have a 
cost to benefit ratio greater than one and be environmentally acceptable. The LPP was 
developed to satisfy concerns or desires of the project sponsor. This plan represents ideas 
that were not included previously as full alternatives, so offer additional insight. The 
LPP differs from the NED plan in Reach 3 where a 20-foot extension of the mean high 
water line and in Reach 4 where a 10-foot seaward extension would occur. The 
remainder is the same as alternative 19. The total nearshore rock impact for this plan is 
3.0 acres. A similar mitigation plan as above is proposed with mitigation reef being 
proposed to compensate the 3.0 acre impact. 

1.0 GENERAL ENVIRONMENT 

The northern boundary of the Mid-Reach begins at the southern end of Patrick Air Force 
Base (P AFB) and extends south through the town of Indialantic Beach (Fif,TUre 1 ). Data 
from the recent studies (CSA 2005a & b; Dynamac 2005; Dial Cordy 2004) provide more 
detailed descriptions of the affected environment, as it relates to the ecology of fish, 
juvenile marine turtles, shorebirds, nesting turtles etc., and provide some insight into the 
environmental consequences of proposed shore protection options for the Mid-Reach 
area. Nearshore hard bottom and surf zone are included in the habitats that would be 
directly affected by the proposed Mid-Reach shoreline protection program. 

Brevard County, located along the central east coast of Florida includes an extensive 
barrier island and estuarine lagoon system (Indian River Lagoon). The ocean shoreline is 
composed of sandy beach, vegetated dunes, barrier island strand, and maritime hammock. 
Access to the study area is by causeway from the mainland and by coastal highway State 
Road (SR) AlA. 

Figures 2 and 3 show the relative proximity of coastal urban development to the project 
area and the fragmented coastal strand, the dune/beach zone and the rock reef. 



Figure 2. Mid-Reach beaches of Brevard County showing the proximity of the rock reef 
resources to the human development along the coast. 



Figure 3. Mid-Reach shoreline as viewed from the rock resources. (Courtesy, Dynamac, 
K. Holloway, 2005.) 

Species composition varies within different areas of the beach with lower species 
diversity within the upper beach zone and an increase waterward (Greene, 2002). The 
Mid-Reach nearshore hard bottom habitat or "reef' is composed of coquina, Anastasia 
limestone, and worm rock outcroppings (Olsen Associates, Inc. , 2003). Nearshore hard 
bottom and surf zone are the habitats that would be directly affected by the proposed 
Mid-Reach shoreline protection program. 

The hard bottom habitat is most conspicuous along the shoreline from the south end of 
PAFB to the city oflndialantic (Figure 1 ). The description, mapping, and specific 
assessments of these rock outcroppings were desc1ibed by Olsen (2003), CSA (2003, 
2005a & b), and Dynamac (2005). The reef parallels the shoreline and is partially 
exposed in many areas at mean low tide. The reef structures exist predominantly in 
waters 0-4 m (0-13 ft) deep. The nearshore rock occurs in a narrow band immediately 
along and below the low tide shoreline at seabed depths of about+ 1 to -3 ft mean low 
water (about -1 to -5 ft ngvd). The rock extends up to about 280 feet from the mean low 
water shoreline along the northern Mid-Reach, and generally extends less than about 120 
feet fi·om the mean low water shoreline along the southern Mid-Reach (Olsen 2003). The 
water conditions over the structures are highly dynamic throughout the year; turbulent 
with high wave energy and nom1ally poor visibility. Portions of the reef have been 
described as ephemeral; being covered and uncovered by shifting sands during typical 



surf and extreme tide and storm events. However, the macroalgal species found on some 
of these areas do not support the concept that these areas are "ephemeral" . Sections of 
the nearshore reef in Brevard County are composed of"worm rock". These rock 
structures are formed by the reef-building sabellariid worm, Phragmatapoma lapidosa; 
originally described by Kirtley and Tanner (1968). Similar hard bottom habitats studied 
in Indian River and Martin Counties revealed that more than 300 invertebrates, 192 fish 
species, and over 100 marine algae species utilize the reefs and associated resources for 
development and survival (Nelson and Demetriades, 1992; Juett et al., 1976; Nelson, 
1989). In addition to these taxa, federally listed marine turtles have also been found to 
utilize the rock resources (Ehrhart, 1992). 

The creation of Port Canaveral in 19 51, reversed the original souther! y drift of sand along 
the Atlantic shoreline changing the water and wind pattern. Port Canaveral changed the 
natural littoral drift transport patterns along some sections of the central Brevard beaches 
and exacerbates natural current drift (Corps 1996). This aggravated erosion of the 
beaches south of the jetties and built up beaches to the north and was thought to reduce 
the sediment budget for the Mid Reach. Recently, sand by-passing was employed to 
transfer the amount of sand equivalent to that being blocked by the Port's jetties. A 
deficient remains for the years where no sand bypass to beaches south of the jetties 
occurred. The degree to which the Port contributed to the erosion of the beaches south of 
the jetty was studied by Olsen and Associates (2003). The study showed that the Port in 
fact does not likely impact the more southern areas from the Mid-Reach section and 
southward. The area is susceptible to storm surge and seas from tropical stonns (Aubrust 
through early October) and nor' easters (late September through March). Both storm 
types have resulted in impacts that were relatively equally severe over the past few 
decades and varied annually in relative importance. The net storm effect is typically an 
erosional sloughing of the steep bluff and a vertical deflation of the beach berm in front 
of the bluff. The resulting recession of the bluff and loss of uplands is generally never 
recovered, while the berm partially or mostly recovers in most cases. Current loss rates 
range from one (I) ft per year at Melbourne Beach to 15 ft per year at Cape Canaveral 
(Olsen 2003). However, huiTicanes and storms have seriously eroded dunes within the 
Mid-Reach. Several beach restoration and nourislunent projects have been initiated by 
Brevard County and the Corps. Strong longshore drift and reversal patterns induce 
natural sand loss which then accretes to the south. The Corps' plan includes nourishment 
at varying intervals to maintain design template dimensions. Any new forthcoming 
design documents will require an amended FWCAR. 

1.1 Upland dune /Dry beach zone 

The Upland dune areas of Brevard County, previously described by the Service ( 1995) 
are present throughout the project area. They range from well developed dunes to weakl y 
defined depending on location. Well developed dunes exist in the area north of Port 
Canaveral and closer to Sebastian Inlet to the south. Natural processes and human 
activities have severely impacted and reduced the miginal fonna tions. These areas 
consist of dry sand beach above the MHWL, usually located 110-180 em (3.5-5.8 ft) in 
elevation from the mean low water level. The highest and most xeric areas are 
characterized by a rapid loss of water and sharp temperature fluctuations. Shoreward, 
water is irregularly replenished through storms and high tides. Olsen (2003) reported the 



top of the dune/bluff face has retreated by about 0.6 ft (18 em) per year on average along 
the Mid-Reach from 1972 to 2001 and the local rate was at least twice that value at some 
locations. The mean high water shoreline has retreated by about 0.3 ft per year (9 em), 
on average. Overall, the measured bluff recession is poorly correlated with the shoreline 
changes. The severity of erosion along the Mid-Reach does not exhibit an apparent 
alongshore trend or chronic local "hot spots." Olsen (2003) also reported that neither 
beach profile data nor a numerical model study demonstrated any significant correlation 
between local beach erosion and the abundance of nearshore rock outcrops. 

In 2007, most of the Mid-Reach is developed with residential and commercial structures 
and a few parks and access lots interspersed. Olsen (2003) reported 198 oceanfront 
property parcels along the Mid-Reach and approximately 3,560 ft of the Mid-Reach (9%) 
was armored by bulkheads or revetments, all located in Satellite Beach and Patrick 
Shores. Over 90% of the properties with habitable structures had setbacks of 100 ft or 
less from the top of the dune/bluff. By length, about 34% of the Mid-Reach oceanfront is 
either undeveloped property or property without habitable structures. The undeveloped 
proportion is highest along Satellite Beach (40%), and least along the southernmost 1.2-
miles of the Mid-Reach (6%). This fragmented 7.78 mile shoreline includes 2 miles 
(3283 m) of discontinuous ocean front access through seven parks and several public 
parking lots. There are only three stretches of undeveloped beach front greater than 1000 
ft (307m) in length. The few semi-natural fragments remaining within the Mid-Reach 
are composed of coastal strand. There are much larger tracts of undeveloped but 
degraded and fragmented natural beach and dunes to the south of the project area in 
southern most Brevard County. 

Typical vegetation of the coastal strand observed in the field in 2007 is similar to that 
described in 1995 (Service, 1995) and consists of open sandy patches mixed with sea oats 
(Uniola paniculata), dune grass (Ammophila breviligulate), sea rocket (Cakile edentula) 
cacti (Opuntia compressa), iva (Iva imbricate), pennywort (Hydrocotle bonariensis), 
croton, (Croton punctatus), sea purslane (Sesuvium portulacustrum), wild bean 
(Stropphostyles he/vola) and morning glory (lpomodea purpurescens). Private 
residences, built over the old coastal strand, support a large variety of non-native 
ornamental plants and grasses. 

Fauna and wildlife known in this habitat type and specific area includes the raccoon 
(Procyon lotor), domestic and feral cats, domesticated dogs, threatened and endangered 
sea turtles, including the loggerhead (Caretta caretta), green (Chelonia mydas), 
leatherback (Dermochelys coriacea), hawksbill (Eretmochelys imbricata) and Kemp's 
ridley (Lepidochelys kempii) sea turtles. A detailed summary of sea turtle nesting 
densities, distribution and temporal variation within the Mid-Reach are described in the 
2006 BO issued for the proposed Brevard County beach nourishment project (Service 
2006, Appendix B). While loggerhead nesting to the south is considerably higher, the 
Mid-Reach supports very significant numbers of nests (2,643 nests in 2005), indicating 
the dunes accommodate approximately 800 nesting females. 

This dune habitat could support the federally listed southeastem beach mouse 
(Peromyscus polionotus nivieventris), if human habitation were reduced. Fragmentation 
of this small mammal population is severe and the species has not been observed within 



the Mid-Reach. The American oystercatcher (Haematopus palliantus), Wilson's plover 
(Charadrius wilsoni), piping plover (Charadrius melodus), willet (Catoptropphorus 
semipalmatis), the laughing gull (Larus atricilla), gull-billed tern (Sterna nilotica), and 
Caspian tern (Sterna caspia) often use this habitat type (Myers and Ewel 1990), though 
Wilsons plover's have not been recorded according to the Brevard County Natural 
Resources Management Office (2007) and the FWC bird registry (2007). Snowy egrets 
(Egretta thula), great blue herons (Ardea herodias), and ospreys (Pandion haliaetus) are 
commonly observed. Scrub jays (Aphelocoma coerulescens), red shouldered hawks 
(Buteo lineatus), and several common song birds have been observed in the coastal scrub 
habitat in the past. The ghost crab (Ocypode quadrata) can be found throughout the 
project area in swash foredune and upland dune zones. 

1.2 Swash Zone 

The swash zone is found along the entire project and is composed of quartz sand, shell 
hash, coquina beach rock and rubble. This zone extends 90-110 em (2.9ft-3 .6 ft) in 
elevation from the mean low water level and is inundated by each tidal cycle but water 
circulates easily through the loose packed sand (Zottoli 1978). Sandy bottom beach 
sections are populated by small, short-lived fauna with high species density and 
substantial reproductive potential and recruitment. 
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Figure 4. View along the Mid-Reach across the swash zone down to exposed rocks and 
surf zone during low tide in 2005. 



Nelson (1985) reported that haustoriid amp hi pods constitute (50-90%) of the fauna and 
contribute significantly to the total biomass with decapod crustaceans, bivalves, and 
spionid wonns representing the remaining components of this community. Each of these 
occurs in relatively well-defined zones and depends to some extent on the nature of the 
substrate. Other species which dominate this area are the mole crab (Emerita talpoida), 
Don ax spp. (coquina) and several polycheates (Nelson 1985, 1992). These species were 
observed during field visits in 2007. 

Many birds mentioned from the dry beach zone utilize this zone and foraging on the 
crustaceans and polycheates described above. Birds such as the snowy plover are known 
to inhabit this zone Myers and Ewel (1990). In addition, the great blue heron, snowy 
egret and osprey were observed during field visists. 

1.3 Surf Zone 

The surf zone extends the entire length of the project area and extends from the mean low 
water level to 80 em in elevation from the mean low water level. The sand remains 
saturated due to the constant submergence and inundation of the tides, allowing 
interstitial circulation of water tlu-oughout the sand. In contrast to the swash zone, here 
the increasing depth, finer sediments, and tightly packed sand inhibit water circulation 
(Zottoli I 978). Wave energy and exposure dictate the stability and diversity of the surf 
zone communities (Nelson 1985). Standardized baseline turbidity data along the Mid
Reach is not available but is described based on personal observations of visibility by 
divers. K. Holloway (Oct 2007) and D. Snyder (2006) indicate that diving visibility 
along the reef is poor (generally less than 2 ft) to occasionally good (3-6 ft). Visibility 
increases during the summer but is reduced significantly with tidal cycles and storms. 

The occupants of sandy bottom in this zone are the same as for the swash zone. Species 
reported to occupy the surf zone are polycheates, echinodenns, amphipods, sand dollars, 
portunid crabs, penaid shrimp, bivalves, and small or juvenile fish. 

Surf zone fish exhibit strong seasonality with few year round residents according to 
Nelson (1985). CSA (2005) repOited 13 species from 10 families during their cast net 
samples. The false pilchard (Harengufajaguana) numerically dominated the samples 
(88%) and was followed in abundance by the Florida pompano (Trachinotus carolinus), 
kingfishes (Afenticirrhus littoralis, Menticirrhus sp.) and the sand drum ( Umbrina 
coroides) . The false pilchard, an ecologically important member of the nearshore 
environment, occurs in schools of varying sizes and represents an important prey item for 
many reef and coastal pelagic fishes. Diving and wading birds are also known to feed on 
this fish. Herbivorous fish such as the Parrotfish (Scarus coeruleus), pinfish (Lagodon 
rhomboides), and damsel fish (Chromis cyanea) indicate that macroalgae is an important 
component of the community in these areas 

CSA (2005) reported that the Mid-Reach surf zone fish (which, in this case, occupy a 
habitat sunounded by hard bottom) showed a species composition similar to other surf 
zone sandy areas away from hard bottom. The sheepshead and hairy blenny, (reef 
species) were exceptions found within the sandy areas ofthe surf zone where hard bottom 
habitat encroached. These data agree generally with the regional list for surf zone 



habitats by Gilmore et al. (1981 ). Species riclmess was generally low, with a few species 
accounting for most ofthe abundance, a common observation for surf zone ichthyofauna. 

Over 80% offish taxa collected in the Mid-Reach surf zone were represented by early 
life stages, either newly settled or early juveniles. Early stages included false pilchard, 
Florida pompano, gulfkingfish, kingfish, sand drum, white mullet (Mugil curema), and 
permit (Trachinotus falcatus). Early life stage species not represented were sheepshead 
(Archosargus probatocephalus) and dusky anchovy (Anchoa lyolepis). The dominance 
of early life stage fishes in the surf zone indicates the importance of this zone to the life 
cycles oflocal fishes. Although they have a regionally widespread distribution, juvenile 
gulf kingfish and Florida pompano tend to remain within local areas of shoreline and not 
make extensive migrations, indicating that local populations may be geographically 
restricted (CSA 2005). 

1.3.1. Rock Reef Habitat within Surf Zone 

Rock outcrops and scattered worm rock reef occupy the much of the surf zone of the 
Mid-Reach. The outcrops of coquina are Pleistocene remnants of coquina shell hash and 
sand lithified by a calcareous cement (Schmidt 1979) which provides substrate for the 
reef- building tube worm (Phragmatapoma lapidosa). In addition to the reefs 
themselves, individual nodules ofwonn rock are found growing in some areas ofthe 
coquina outcrops, primarily on the underside ofledges. This represents large sections of 
the nearshore reef in Brevard County. Interpretation of aetial photography and mapping 
were conducted in 2001 (Olsen 2003) and again in 2004 (Dial Cordy 2005). Additional 
assessments and epifaunal surveys were conducted over this hard bottom in 2005 (CSA 
2005a & b, Dynamac 2005). The current estimate of nearshore rock in the Mid-Reach is 
33.66 acres. 

Hard bottom habitats contain greater species biomass and diversity than sand bottom 
habitats (Greene 2002). These habitats studied in Indian River and Martin Counties 
revealed more than 300 invertebrates, 192 fish species, and over 100 mmine algae species 
depend on the reefs and associated resources for development and survival (Nelson and 
Demetriades, 1992; Juett eta!., 1976; Nelson, 1989, Lindeman and Snyder 1999). The 
nearshore reefs suppot1 high densities of juvenile fishes in areas otherwise devoid of any 
substantial three-dimensional structural habitats. These habitats are impot1ant 
recruitment and nursery areas for a diverse marine fauna and flora, including rare taxa 
and important fishery species. For example, in the U.S. , the striped croaker (Bairdiella 
sanctaeluciae) is limited only to nearshore reef fonnations of east Florida (EDO 2000). 

Lindeman and Snyder ( 1999) suggested that nearshore hard bottom serves a primary 
nursery role for incoming early life stages of fish that would experience higher predation 
mortality without shelter. It may also provide secondary nursery habitat for juveniles that 
emigrate out of inlets towards offshore reefs. Some species use these structures as 
resident nurseiies, settling, growing-out, and maturing sexually as permanent residents (e. 
g. pomacentrids, labrisomids). An additional nursery role may result from increased 
growth due to higher food availabilities in these structure-rich environments. 



Nearshore reefs also provide important feeding and shelter areas for juvenile endangered 
green sea turtles (Ehrhart 1992, Dynamac 2005). The reef system is important for several 
reasons including the support of a stable and complex community of species and the 
modification and stabilization ofbeach sediments (Zale and Merrifield 1989, Wells 
1970). It has been suggested that sabellarids may have been instrumental in the 
construction and preservation ofbeaches in the geologic past and that beach rock, 
converted from the reefs and impoundment of sediment on their landward side, provide 
for progradation of the beach (Kirtley and Tanner 1968). However, Olsen (2003) 
reported that the net importance of the reef based beach stabilization, so often 
characterized, and is not necessarily proven. He presented the findings of Dean et al. 
(1997) whereby submerged breakwaters could also destabilize the beach by effects 
associated with impounding water leeward of the reefs. 

Gore et al. (1978) reported numerous invertebrate reef inhabitants to include amphipods, 
isopods, decapods, penaid shrimp, stomatopod, urchins, crustaceans including the 
porcellanid crab (Pachycheles monilifer), the zanthid crab (Menippe nodifrons) and the 
grasped crab (Pachygrapus transverses). 

In 2005, CSA sampled fishes to specifically characterize the nearshore envirorunent of 
the Brevard County Mid-Reach in anticipation of the proposed shoreline protection 
project. They reported that 88% of all individuals observed during swimming censuses 
were represented by just four species: black margate (Anisotremus surinamensis), hairy 
blenny, (Labrisomus nuchipinnis), silver porgy (Diplodus argenteus), and sheepshead. 
The most frequently observed species included hairy blenny, black margate, silver porgy, 
sheepshead, Atlantic spadefish (Chaetodipterus faber), and gray snapper (Luljanus 
griseus). Other fishes were observed in the tidal sloughs that form during low tide along 
the landward margin of the hard bottom. The leopard searobin (Prionotus scitulus), 
clingfish ( Gobiesox strumosus), and night sergeant (A budefdt.!( taurus) along the reef also 
contributed to the overall richness of the habitat. Macroalgae provide foraging and 
habitat value for the small crustaceans that are the primary food item for juvenile fishes. 

The species composition along the Mid-Reach agreed with expectations for nearshore 
hard bottom off east-central Florida (Gilmore et al., 1981, Lindeman and Snyder, 1999). 
The striped croaker (Bairdiella sanctaeluciae) was the only species observed that is 
restricted to hard bottom areas of east Florida (Cape Canaveral to Jupiter Inlet) and due to 
this restricted distribution in Florida, it is a species of special concern (Gilmore and 
Snelson, 1992). CSA (2005) also observed a non-reef species, the gulf flounder 
(Paralichthys albigutta). While they generally occur over sandy bottoms of the region, 
during late summer and fall months, they migrate to shallow nearshore waters 
presumably to feed on abundant small fishes (mullet, pilchards, anchovies) concurTently 
moving through the area. CSA (2005) reported that tlshes were present as juvenile or 
adult stages and no "newly" settled individuals were observed. The presence of small 
juveniles, particularly those of black margate and sergeant major, suggests that these 
species are settling here and not migrating from surrounding areas. 

Juvenile sharks (Carcharinus leucas, C. brevipinna, Sphyrna tiburo, and Ginglystoma 
cirratum) were observed along the Mid-Reach by Dynamac (2005). They also reported 
captures of rays (Aetobatus narinai and Rhinoptera bonasus) and remora (Remora spp.). 



Fish distribution varied along the Mid-Reach with generally higher numbers of species 
and individuals at the northernmost sites and progressively fewer along the shore in a 
southerly direction. Specific sampling sites that were species-rich (Sunrise A venue in 
Reach 4 and Paradise Park in Reach 1) also had greater hard bottom areal coverage 
(Olsen 2003). However, CSA (2005) suggested that complexity in the form of undercut 
ledges and gulleys in the rock fonnations could be more important than overall aerial 
coverage in detennining species riclmess. 

The use of nearshore reefs as developmental habitat by juvenile loggerhead and green 
turtles has been recognized and studied in the Florida east coast counties of Indian River, 
Port St Lucie, Palm Beach, and Broward as well as the north gulf coast (Ehrhart 1992, 
Ehrhart al. 2001, Ehrhart et al 2002, Bressette et al. 1998, Quantum Resources 2000, 
Wershoven and Wershoven 1989). Due to the presence of the rock reef and associated 
macroalgae (figures 5 a. and b.) the Mid-Reach surf zone also provides habitat to juvenile 
marine turtles. In 2003, preliminary studies were begun on the marine turtles in this area 
by Holloway-Adkins (2005). Dynamac (2005) performed surveys with the express 
purpose of describing the relative abundance and distribution of turtles in the Mid-Reach 
as part of the SEIS. That study included visual transects and net captures of sea turtles. 
One species, the green turtle accounted for all but two sightings in 2004 and 2005 (those 
were loggerheads. Turtles were observed in very shallow water ( <0.6 m, 2 ft) foraging, 
swimming and wedging themselves under rock ledges. Turtle sightings (0.41 turtles per 
km) were distributed relatively evenly along the northern 2/3 of the Mid-Reach (Corps 
segments 3-6). Figure 6 shows sightings were very infrequent at the southern end 
(Segments I and 2) where rock resources were very limited. The systematic turtle 
sighting data showed no strong correlation with the rock distribution other than at the 
southern end where sightings were negatively correlated. They suggested that turtles 
prefer substrates with abundant macroalgae and shelter which is minimal at the southern 
end (Reach 1). 

The net capture data showed tmtles were common along the Mid-Reach (Catch per unit 
effort (CPUE) of2.47 turtles per net km) and were in good condition. The mean size 
(35.6 em Standard Curve Length (SCL)) was similar to other east coast nearshore hard 
bottom sites. The food habit information for the green turtles indicated that they forage 
on a wide variety of algae found on the reef with red algae being the dominant type. 
Dynamac (2005) reported of the successful tracking of one juvenile turtle for a 2 week 
period during which the animal showed strong site fidelity as it stayed within about 0.5 
km (1600 ft) of its original capture point. 



Figure 5 (a. & b.). Photos of natural nearshore hardbottom of the Mid-Reach showing 
intact algal community. (Courtesy, Dynamac, K. Holloway.) 
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Figure 6_ Juvenile sea turtle sighting distribution along the Mid-Reach_ (Courtesy: 
Dynamac 2005)_ 



1.3.2 Offshore Zone 

The offshore zone begins where the surf zone ends and wave progression and energy is 
less impacted by the shore. Turbulence is generally reduced due to distance from the 
shore or reef breaks. The "near" offshore benthic habitat along the Mid-Reach consists 
of sand bottom (Olsen 2003). Biotic studies of the offshore, adjacent to the Mid-Reach 
have not been documented. More distant sampling of the offshore has been associated 
with bottom areas intended for borrow and dumping related to numerous historical and 
planned regional projects. Generally speaking, the area is described as having sandy 
substrate with a depth that slowly increases seaward and becomes a sandy-mud 
consistency as it extends toward the continental shelf. Sparse groupings of soft corals 
(Gorgonians) can be found along the sea floor and the benthic community fauna include 
squid, amphipods, jelly fish, annelids, bivalves, gastropods, crustaceans and scallops and 
bottom fish (grouper, flounder, sea bass, snapper, etc.). The offshore water column 
provides the necessary aquatic foraging and traveling environment for a multitude of 
species offish that are both recreationally and commercially valuable. In addition it 
provides for the earlier mentioned sea turtle species. The offshore supports several 
marine mammal species (all ofwhich are protected under the MMPA) and includes the 
endangered Right Whale (Eubalaena glacialis) and other protected smaller odontecetes 
(e.g. Tursiops truncatus, Kogia breviceps, etc.) and occasional manatees (Trichechus 
manalus). 

2.0 Impacts 

As described in section 1.3, the NED plan and the LPP will result in large quantities of 
sand deposition along the Mid-Reach over the existing beach front, into the surf over 
nearshore hard bottom to extend the beach out 10-30 ft beyond the current MHW line. 
The following describes anticipated impacts based on literature reviews of experimental 
studies, post conshuction surveys and discussions with experts. 

2.1 Upland dune /Dry beach zone 

As described in 2.1 this upper beach zone is comparatively limited in diversity and 
species richness and there are significant seasonal differences in these components. 
Beach nourishment will obviously place an overburden of sand on the dry beach zone. 
Fauna and plants unable to burrow through the sand will suffocate and die. According to 
Greene (2002) placing sediment/sand high on the beach allows gradual redistribution, 
giving motile organisms time to move away from the area or bunow up through the 
overburden. Large scale projects however, may not allow for rapid emigration and 
subsequent recruitment due to long distances from the undisturbed "source habitats". 
Further, densities of some communities may not allow for immigration without additional 
impacts. 

Peterson et al. (2000) reported densities of Emerita ta/poida (mole crabs) and Donax spp. 
(bean clams) were reduced by over 80% on Notth Carolina nourished beaches in July, 5-
10 weeks after cessation of a nourishment project. Also about 3 months after termination 
of bulldozing, counts of active burrows of ghost crabs (Ocypode quadrata) were more 
than 50% lower on bulldozed beaches, with most of the reduction occurring on the 7 m of 



high beach occupied by the newly formed dune face. Emerita talpoida densities were 
more than 30% lower on bulldozed beach segments, while Donax spp. exhibited no 
consistent residual response to bulldozing. Peterson et al. (2000) suggested that failure of 
Emerita and Donax to recover from nourishment by mid summer when they serve as a 
primary prey base for important surf fishes, ghost crabs, and some shorebirds may have 
been a consequence of the poor match in grain size and high shell content of source 
sediments and/or extension of the project too far into the warm season. 

Numerous sea turtle nesting studies have been conducted along the Florida coast and 
have resulted in specific guidelines related to beach nourishment. Details of sea turtle 
nesting densities and distributions are summarized the Service's BO for the proposed 
Brevard County beach nourishment project (Service 2006, Appendix B). Regulations in 
Florida do not allow for sand nourishment within the sea turtle nesting season, a time at 
which significant impacts would otherwise be experienced by these protected beach 
nesting species. While nourishment is not performed for biotic habitat improvements, 
properly designed and implemented nourishment can be beneficial to several taxa 
including birds, sea turtles and some beach plants that experience severe erosion of their 
historical habitat (NRC 1995, Service 2006). 

The Mid-Reach project should be limited to the period of the year that does not include 
significant sea turtle nesting and incubation (May !-October 1) thereby avoiding the 
majority of construction/operation associated impacts. (See Service, 2006, Appendix B 
for explicit recommendations.) No Wilson's plovers have been documented nesting 
along this beach; however, other plovers (non-breeding piping plovers) can be found 
here. Generally, nesting birds that might be found within the impact zone should 
likewise be protected by the schedule avoiding spring and summer season. The seasonal 
timing of the project associated with the previous mentioned taxa is a positive one 
relative to Donax and Emerita as well. 

Additionally the project must utilize sand types consistent with requirements to match the 
local sand for grain size and color which effect permeability, compaction and 
temperature, etc. Effects of bulldozing on ghost crabs may be mitigated by measures to 
stabilize the dune face after bulldozing. Mechanical till ing and grading may also reduce 
compaction and scarping problems that inhibit normal excavation by the invertebrates as 
well as the nesting of sea turtles. 

Mid-Reach specific sea turtle nesting surveys should continue for three years following 
the nourishment completion. FDEP requires a baseline and one year post project survey 
of shorebirds. 

2.2 Swash Zone 

The area between the edge if the nearshore rock formation and the beach known as the 
"Swash Zone" may affect larvae traveling from the lagoon or along the coast. Rapid 
benthic recovery of this zone following burial has been attributed to matching till 
material with existing sediments and the placement of fill well above the mean sea level 
(NRC 1995). Demie et al. (2002) described a large-scale field experiment that 
investigated the response of marine benthic communities within a vmiety of sediment 



types (clean sand, silty sand, muddy sand, and mud) to physical disturbance. The clean 
sand communities had the most rapid recovery rate following disturbance, whereas 
communities from muddy sand habitats had the slowest physical and biological recovery 
rates. They suggested that physical and biological recovery rates are mediated by a 
combination of physical, chemical and biological factors that differ in their relative 
importance in different habitats. 

Greene (2002) reported that depth of sand of overburden, sediment composition, 
temperature and grain size will affect organisms in the intertidal and subtidal zone. 
Changes in the geomorphology and sediment characteristics may have larger impacts on 
recovery of invertebrates than direct burial. In a South Carolina study, several 
invertebrate species were found to be tolerant of sand overburdens and capable of 
burrowing vertically through 60 to 90 em overburdens. Infaunal declines after beach 
nourishment were short tem1 and followed by recoveries that range from rapid (2 weeks) 
to 7 months (NRC 1995). Quick recovery of this community was associated with ceasing 
nourishment actions before the infauna reaches seasonal low productivity (essentially 
leaving the recruitment window open for a longer period). 

The Mid-Reach beach is composed of course (non clay/mud) and the project must utilize 
sand of matching character (tests by Olsen (2003) from the proposed donor site showed 
no significant difference from the cuiTent beach). Recommendations for reducing 
overburden impacts include matching nourished sediment to native sands as well as 
applying the sediments "slowly in a sheeting spray of water and sand". Infaunal studies 
suggest that sand overburdens should be no more that 60 em. To increase swash zone 
infauna recovery rates, sand deposition should be completed or ceased prior to predicted 
natural infauna seasonal declines. 

2.3 Surf Zone 

The rock resources of the Mid-Reach are protected under Public Law 94-265, the 
Magnuson-Stevens Fishery Conservation and Management Act, as amended. Under the 
authority to protect EFH, the NOAA Fisheries has designated these rocks as Habitat 
Areas ofParticular Concern (HAPC). This protection includes rocks with and without 
sabellariid wonn colonization and live/hard bottom (depths of0-4 m; 0-13 ft) offthe east 
coast of Florida from Cape Canaveral to Broward County. Consequently, impacts to 
these EFH resources at the Mid-Reach must be minimized and mitigated. Corals, 
anemones, sponges, and macroalgae that colonize the hard bottom are sensitive to 
surficial sediment pattems which detennine the composition and spatial distribution of 
the benthic communities (Greene 2002). 

Burial of nearshore hard bottom during beach nourishment operations will alter the 
benthic environment significantly, covering invertebrate and macroalgal communities 
with their own unique microhabitats as well as the forage they provide to birds, fishes and 
turtles that are accustomed to this specific resource. Lindeman and Snyder (1999) found 
significant losses in fish abundance and distributions associated with hard bottom burial 
with a nourishment project in south Florida. Before burial, 54 species were recorded, 
with mean abundances of38 individuals and 7.2 species per transect while after burial, 
only eight (8) species were recorded with mean abundances of less than one individual 



and species per transect. As described earlier, some fishes and the juvenile sea turtles 
appear to show some site fidelity. The potential for some of these nektonic animals to 
disperse from the area and resettle is possible but undocumented. Several challenging 
issues may arise during the nourishment impact period beyond burial of individuals and 
their forage including but not limited to predation (new sand habitat removing shelter 
over current "home-range") and exceeding carTying capacity (nearby sites assumed to 
absorb these animals are supposedly not impacted by nourishment but may not provide 
sufficient habitat for a simple distribution shift of these individuals, resulting in a 
cascading impact to populations in those outside areas.). 

An unnatural and sustained increase in turbidity over the habitat is also of concern. 
Baseline turbidity data along the Mid-Reach is not available and so threshold values do 
not exist to guide construction action along this habitat. Visibility along the Mid-Reach 
appears to increase during the summer and is reduced significantly with tidal cycles and 
stonns. An increase in turbidity can be cause by the construction method, if a 
containment berm is used to help settle fines into the berm during construction. These 
fines are then resuspended during profile equilibration. Turbidity increases at the 
nourishment site can also result from re-suspension of subsurface sediment deposits and 
from sediment winnowing from the nourished beach into the surf zone, which can be 
carried in the long shore direction or seaward with waves and currents (Greene 2002). 
The severity of re-suspension can be related to several factors including wave energy 
(more turbid during stom1s); amount of sand placed on the beach (more sand may 
increase turbidity); and the quality of the sand (higher content of silt/clay causes elevated 
turbidity (NRC 1995, Greene 2002). 

Turbidity changes related to nourishment projects appear to vary. Greene (2002) 
reported that turbidity in the area of the outfall will usually disappear within several hours 
after nourishment operations cease and that over 90% of slurry discharged from pipelines 
settled to the bottom within several tens of meters from the discharge point. Studies 
conducted off the coast ofNew Jersey revealed short-tenn turbidity at the fill site was 
essentially limited to a narrow swath (less than 500 m) ofbeachfront. Dispersed 
sediment was most prominent in the swash zone in the area of the operation, with 
concentrations dropping off in the surf zone and nearshore bottom waters. Except for the 
swash zone, the concentration of sediment was considered comparable to conditions that 
might occur when sediment becomes re-suspended during storms (Corps, 200la). Van 
Dolah et al. (1994) reached a similar conclusion; despite a maximum of200 NTU 
confined to a narrow area, background turbidities were close to l 00 NTUs during stonns 
and normal fluctuations often elevated turbidity. In contrast, some studies of beach 
nourishment have found turbidity to be a persistent problem, reducing visibility seven 
years after project completion. Coral heads off the shore of Miami Beach were still dying 
14 years after project completion, and another south Florida study recorded high turbidity 
and burial of nearshore rocks seven years later (NRC 1995). 

In the review of such studies, Green (2002) reported that certain species may be 
positively affected by an increase in suspended sediment (i.e., a reduced risk of predation 
while foraging under turbid conditions). While there are species that may benefit from 
increased turbidity, there are also organisms that become stressed under these conditions 
(i.e. motiality of suspension-feeding benthic organisms and reduced foraging ability of 



animals utilizing sight to locate prey. Mole crabs suffered impaired feeding ability as a 
result of turbidity. Organisms that forage using vision might avoid these areas - for 
example juvenile greens. Wave tank experiments showed that turbidity caused a 
reduction in growth for filter feeding coquina clams. The Florida pompano reduced 
feeding on coquina clams and mole crabs, by 40% and 30%, respectively. It is possible 
that sessile species that occupy hard bottom reef habitats can be smothered by silt. Fish 
gills can become clogged, planktonic larvae of both vertebrates and invertebrates in the 
surf zone may be adversely impacted, filter-feeding mechanisms may become impaired, 
and photosynthetic activity may decrease (NRC 1995). Juvenile and small fish subjected 
to high sedimentation and turbidity can die from anoxia. Elevated sediment 
concentrations can also lead to egg abrasion and reduced ventilation rates in mollusks. 
Turbid conditions decrease light penetration, which can reduce primary productivity. 
When algal production decreases, motile species associated with attached macroalgae 
may have less available substrate. These effects can lead to changes in primary and 
secondary production, which, in tum, may cause substantial changes at higher trophic 
levels. Increased turbidity can have a number of physiological effects on marine life. 

Baseline turbidity data (NTU) along the Mid-Reach should be collected for a reasonable 
period prior to construction. This has been the recommendation of numerous ecologists 
(NRC 1995, Greene 2002) but has yet to be accomplished. This will allow for more 
appropriate guidance during construction and assessing long term changes. It is not clear 
to what level turbidity will be elevated and for what duration. A recommendation is for 
standardized turbidity measures to be collected as soon as possible to provide baseline 
conditions along the Mid-Reach. This would include storm conditions, tidal variation 
and calm periods. Extrapolations could then be made incorporating local weather and 
buoy data. 

The landward edge of the hardbottom in Reaches 1-5 will be adversely impacted through 
burial if the NED plan is approved. The LPP has less impacts than the NED Plan. The 
Corps acreage estimates yield hardbottom loss of approximately 8.4%. The NED plan 
and the LPP are clearly based on numerous iterations of options to reduce impacts to the 
hardbottom and associated fauna and flora by limiting the waterward extent of sand over 
Reaches 6 through 3. The LPP, however, includes larger quantities within Reach 1 and 
part of 2, increasing the impact zone. Assessment of post burial or remaining hard bottom 
distributions would be recommended after dune nourishment. This would establish the 
new baseline of remaining hardbottom along the Mid-Reach. Relative densities or cover 
of the benthic community (macroalgal, Phragmatapoma and key invertebrates) should be 
assessed post constmction and monitored for a period of at least 2 years. 

Based on Lindeman and Snyder (1999) and discussions with NOAA Fisheries (G. 
Getsinger, 2007), the impacts on juvenile and larval fishes occupying the 7.6 miles of 
Mid-Reach surf zone may be significant. NOAA (2005, see Appendix) identified issues 
of concem related to this project and determined an adverse effect would result based on 
2005 planning. The habitat is designated by NOAA as an EFH and a HAPC. While 
some of the fish species in this community are designated by NOAA for protection, none 
are listed by the Service. Nonetheless this community provides a significant and unique 
ecological function along the Florida coast. The majo1ity of the non-motile cohorts at the 
time of the project would be destroyed. The services provided within the burial zone will 



be lost due to the first construction and all subsequent maintenance projects. It is not 
clear that motile species, including larval fish, residing along the Mid-Reach at the time 
of construction would be capable of dispersing or relocating themselves to the proposed 
mitigation reefs located 300 meters to the east. (More details below under Mitigation 
Reef). 

If in the future, an adequate, functional mitigation reef is proven to compensate for the 
above losses, consideration should be given to the development of temporary paths or 
corridors ofhardbottom-like material from the seaward side of the impacted nearshore 
hardbottom out to the mitigation reef. If it is physically and fiscally possible to emplace 
a series of paths, these might improve survivability of the fishes, invertebrates and others 
attempting to disperse during construction. 

In terms of juvenile sea turtles, the NED plan and LPP propose to minimize sand extents 
in the segments (6-2) which support numerous juvenile sea turtles based on 2004-2005 
surveys. This minimized design is supported by the Service. If an approved mitigation 
reef is constructed to compensate for lost habitat described above, then monitoring of fish 
and juvenile turtle populations along the impacted nearshore hardbottom is recommended 
for a period of 2 years after nourishment of the Mid-Reach. This would include sampling 
within the Mid-Reach as well as adjacent natural hardbottom (to the north) that may 
become indirectly impacted as a redistribution sight for displaced animals. (Similarly the 
mitigation reef habitat should also be monitored for successful recruitment at several 
trophic levels including Phragmatapoma, key invertebrates, algae, fish and juvenile sea 
turtles. 

2.4. Offshore Zone 

The offshore zone may be impacted by turbidity increases associated with increased sand 
dispersion. The sand is expected to be relatively contained over the surf zone and 
nearshore hard bottom. If sand escapes as the beach tends toward equilibrium, then 
turbidity will increase for a period oftime that is predicted to be short if the proper sand 
matches are made to the local enviromnent. Additionally the zone would be considered 
impacted by the project primarily if the mitigation reef is approved as it is proposed to be 
located within this zone (300 m east of the nearshore hard bottom). 

The impact to the offshore zone by the proposed reefs would be considered acceptable. It 
is open sand which is considered an extremely abundant environment and capable of 
absorbing this change that will include an attraction of flora and fauna. Placement of the 
a1iificial reef over this habitat would not be considered a significant negative impact to 
this habitat type. 

2.5. Mitgation Reef: 

The Mid-Reach project includes the creation of a mitigation reef placed in approximately 
12 to 14ft of water just east of the Mid-Reach. It is described in section 1.4 and figures 
7 and 8 provide diagrams of the plan. Based on recent studies, the proposed materials 
will provide substrate and structural complexity that is likely to attract fauna and flora. 
This proposed reef includes a primary depa1iure from natural conditions of the cmTent 



nearshore hardbottom; the departure being depth and its associated lighting and 
temperature characteristics. While some of the nearshore hard bottom does include 
depths of 12 ft, much of it is considerably shallower ( < 3 ft). Based on current 
technology described by the Corps and Brevard County, the reef cannot be placed in the 
shallower waters or over the planned burial areas and must be placed approximately 300 
m to the east. There are no examples, to date, of artificial reefs that successfully provide 
proper mitigation for such projects along the east coast (G. Getsinger/NOAA, personal 
communication). 

Lindeman and Snyder (1999) evaluated a similar nearshore impact in south Florida; 
however the mitigation reef was not constructed until three years after the renourishment 
occurred. Many factors can limit net biomass productivity. However it was concluded 
that if the artificial reefs were constructed prior to burial of the natural reef and located at 
similar depths, mitigation reefs may have provided a refuge for a sizeable fraction of the 
thousands of displaced fishes during the burial of that hardbottom reef, as well as 
thousands of subsequent new recruits. This study emphasized the importance of depth 
and timing. The timing of the construction of the mitigation reef is critical due to the 
distance of the mitigation reef to the nearshore hard bottom reef impacted. The 
mitigation reef must provide an established refugee habitat similar to the impact area 
prior to burial of the nearshore hard bottom to reduce predation from fleeing juveniles 
during the impact event. 

In 2006, a study of a mitigation reef and nearshore hard bottom was conducted in nearby 
Indian River County, Florida (CEG 2007). The first annual monitoring report described 
the Ambersand artificial mitigation reef with limited results in terms of applicability to 
the Mid-Reach. That reef was also placed in deeper environs. The study was to assess 
high relief (HR), low relief (LR) mitigation reefs and natural nearshore hard bottom. The 
phased placement of the mitigation reef, in 2004 and 2005, allowed for some compmison 
of the effects of the 2004 huni canes on benthic succession and fish populations over the 
IRC natural hard bottom. However, visibility was reduced by the 2004 hurricanes and 
impeded collection of the benthic data. Benthic data in 2007 and 2008, in the absence of 
major hunicanes, is anticipated to better evaluate differences in the benthic habitat 
quality between the natural nearshore reefs and the mitigation reefs. The 2006 data 
showed that mud deposition appeared to have a greater effect on benthic succession and 
composition than the difference in vertical relief between the two mitigation reef types. 
Overall, the benthic community on the high-relief reef (constructed in 2004) appeared to 
be in the earlier stages of succession compared to the 2005 constructed reef due to the 
relatively high cover of silty sediment and mud over hard substrate. Percent cover of 
macroalgae (24.5%) and species diversity was significantly higher at the HR reef placed 
in 2005, than the remaining transects. The second highest percent cover of macroalgae 
(I 0.8%) was also observed at a 2005 LR reef. 

As for fishes, CEG (2007) reported that the IRC reefs appeared to enhance the fish 
abundance on the nearshore hard bottom. The mitigation reefs (LR and H R) had 
significantly higher relative abundance of fishes than nearby natural nearshore hard 
bottom of similar water depth and vertical relief. Fish assemblages between mitigation 
reefs and natural nearshore hard bottom were not significantly different however, data 
from artificial reefs document an increase in certain predatory fish species, such as tom 



tate and grunts. This increase in predatory fish could affect juvenile fishes that would 
occur on the natural reef. Similarly for new mitigation reefs in 2005 (HR vs. LR) relative 
abundance of fishes was not significantly different, but fish abundance was significantly 
higher on the HR mitigation reef placed in 2005 than the HR mitigation reef placed in 
2004. They suggested this supported the negative impact of the 2004 hurricanes on fish 
assemblages on the mitigation reefs placed plior to the storms. They suggest that the 
mitigation reef placed after the 2004 hurricanes expelienced superior recruitment and 
subsequent site fidelity which enhanced fish abundance and richness in the nearshore 
area. CEG (2007) reported that the habitat complexity and rugosity of the mitigation 
reefs (HR and LR) was superior to the natural nearshore hard bottom and strongly 
enhanced the fish abundance. Several schools of larger predatory fish, e.g. Snook 
(Centropomus undecimalis) and Snapper (Lutjanus sp.) were observed in the vicinity of 
mitigation reefs which could affect the survivability of the juvenile fish. The larger 
predatory fish. This community structure (size composition, etc.) is not similar to the 
nearshore hard bottom. They noted areas with high cover of oysters (Crassostrea 
virginica ), associated with large schools of Sheepshead (Archosargus probatocephalus) 
indicating a relationship between food type/availability and richness/abundance of fishes. 
Relative abundance of juvenile and recruit stage fishes was not statistically significantly 
higher on the IRC mitigation reef as compared to the natural nearshore hard bottom sites. 

In 2006 and 2007, two recruitment studies of small artificial test reefs for the Mid-Reach 
were conducted. The test reefs were placed at the projected depth (4.6 m, 15ft) and 
general location of the proposed Corps/ Brevard County mitigation reef site (McCarthy 
and Holloway 2007, Holloway and McCarthy 2007). They utilized submerged limestone, 
concrete, coquina and a coquina-concrete mix as the reef substrates to assess biotic 
settlement with specific interest in wom1 (Phragmatapoma) and algae recruitment. For 
the wom1 recruitment studies they also assessed limestone plates to test for variations 
caused by height, orientation and chemical induction of larval settlement. 

They observed that Phragmatapoma and numerous macroalgae and several invertebrate 
species recruited to all of the test plates on the reef. The macroalgal recruits were the 
same as those identified in the diets of juvenile green turtles captured over the adjacent 
nearshore reef by Holloway and Provancha (2005). The algal species recruited fairly 
quickly, within 141 clays, and percent cover of total, green or red macroalgae remained 
consistent regardless of the substrate. Phragmatapoma recruitment varied between the 
two sampling periods (spting/summer 2006 and summer 2006/spring 2007), suggesting 
differences may have been related natural seasonal fluctuations in larval availability. 
They also found that P. lapidosa larvae recruited successfully regardless of the effect of 
test reef orientation, height and chemical treatment. 

Based on results from recent studies, discussions with Corps planners, and local 
biologists, there is merit for the construction of artificial reefs to mitigate for anticipated 
losses of Phragmatapoma and macroalgae of natural hardbottom along the Mid-Reach. 
However, none of the pertinent studies indicate a full understanding of the long tenn 
impacts of losses of the natural nearshore (shallow) hardbottom. The extent to which the 
mitigation reefs provide for the same productivity and age class structures for various 
taxa, particularly fishes, remains to be determined. Fish assemblages and life stages are 
repeatedly mentioned as differing significantly between natural hard bottom and atiificial 



deeper water mitigation reefs. The spatial scale of the biological impacts is also 
unknown. These issues continue to be raised with many nourishment projects and are 
followed by recommendations to improve knowledge of federal beach nourishment 
impacts to the nearshore environment (Greene 2002, NRC 1995, Lindeman and Snyder 
1999, CSA 2002, Peterson and Bishop 2005, and G. Getsinger/NOAA personal 
communication). To date, serious questions remain about realistic mitigation for the loss 
of such a unique habitat. 

It is recommended that the mitigation system (figures 7 and 8) proposed by the NED plan 
and LPP be further evaluated for the above mentioned attributes prior to approval. The 
results would be re-evaluated and recommendations made. Interim recommendations 
include: 

1. It is not clear what the acreage estimates represent. Areal coverage 
interpreted from aerial photographs may miss the impmiant physical attributes 
of the nearshore reef. If it is truly areal extent, then a more accurate 
estimation ofhardbottom extent beyond areal coverage is recommended (e.g. 
estimating surface area and density associated with the complexity of the 
natural hardbottom to ensure mitigation size is adequate). 

2. The impact to the proposed sand bottom location for the proposed reefs would 
be acceptable. It is open sand bottom which is considered extremely abundant 
but relatively sparsely populated. Placement of the reef over this habitat 
would not be considered a significant negative impact to this habitat type. 

3. It is recommended that the reefs be deployed near the time, but in advance of 
the nourishment action to provide immediate access for "fleeing", dispersing, 
and recruiting organisms. Previous east coast projects experienced delayed 
mitigation reef placement which provided no timely refuge for these 
organisms and complicated monitoring results. 

4. If approved, the mitigation reef habitat should be monitored for successful 
recruitment at several trophic levels and taxa (including Phragmatapoma, 
other key invertebrates, algae, and appropriate species and life stages of fish 
and sea turtles). This sampling should be conducted for a minimum of two 
years. Sampling design should be robust enough to provide adequate 
quantitative analyses. Sampling should be coordinated with stations designed 
to similarly monitor changes over the buried hardbottom and the adjacent 
unburied hard bottom including that to the north of the project boundary. This 
northern hard bottom may be impacted by immigrating organisms attempting 
to disperse away from the nourislm1ent/burial areas. This potential cascading 
impact should be monitored. 

5. lf approved, the mitigation reef habitat should also be monitored for 
successful nesting, feeding, nursery, and shelter areas and a comparable 
replacement in function of the undercut ledges and gullies in the nearshore 
hardbottom impacted. 
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Figure 7. Location of mitigation sites for the nearshore hard bottom losses along the 
Mid-Reach. (Courtesy Olsen Associates, Inc. 2007). 
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3.0 RECOMMENDATIONS 

In developing the Service's Mitigation Policy (Federal Register 46 (15), January 23, 
1981 ), the Service used the definition of mitigation contained in the Council on 
Environmental Quality's National Environmental Policy Act regulations (40 CFR Part 
1508.20[ a-e ]). By definition, mitigation can include: ( 1) avoiding the impact all together 
by not taking a certain action or parts of an action; (2) minimizing impacts by limiting the 
degree of magnitude of the action and its implementation; (3) rectifying the impacts by 
repairing, rehabilitating, or restoring the affected environment; (4) reducing or 
eliminating the impact over time by preservation and maintenance operations during the 
life of the action; and (5) compensating for the impact by replacing or providing 
substitute resources, or environments. This definition recognizes mitigation as a stepwise 
process that incorporates both careful project planning and compensation for unavoidable 
losses and represents the desirable sequence of steps in the mitigation planning process. 

Initially, project planning should attempt to ensure that adverse effects to fish and 
wildlife resources are avoided or minimized as much as possible. In many cases, 
however, the prospect of unavoidable adverse effects will remain in spite ofthe best 
planning efforts. In those instances, compensation for unavoidable adverse effects is the 
last step to be considered and should be used only after the other steps have been 
exhausted. The Service' s Mitigation Policy focuses on the mitigation offish and wildlife 
habitat values, and it recognizes that not all habitats are equal. Thus, four resource 
categories, denoting habitat type of varying importance from a fish and wildlife resource 
perspective, are used to ensure that the mitigation planning goal will be consistent with 
the importance of the fish and wildlife resources involved. These categories are based on 
the habitat's value for the fish and wildlife species in the project area (evaluation species) 
and the habitat's scarcity on a national , regional or local basis. Resource Category I is of 
the highest value and Resource Category 4 the lowest. Mitigation goals are established 
for habitats in each resource category. The mitigation goal for Resource Category 1 
habitats is no loss of habitat value since these unique areas cannot be replaced. The goal 
for Resource Category 2 habitats is no net loss of in-kind habitat value. Thus, a habitat in 
this category can be replaced by only the same type of habitat (i.e., in-kind mitigation). 
The mitigation goal for Resource Category 3 habitats is no net loss of overall habitat 
value. In-kind replacement of these habitats is preferred, but limited substitution of 
different types of habitat (out-of-kind mitigation) perceived to be of equal or greater 
value to replace the lost habitat value may be acceptable. The mitigation goal for 
Resource Category 4 habitats (considered to be of marginal value) is to avoid or 
minimize losses, and compensation is generally not required. 

The nearshore hard bottom of the Mid-Reach represents a unique habitat of very limited 
quantity along the Atlantic coast. It is considered a priority "resource" within the project 
area supporting the epibenthos, macroalgae, invertebrates, turtles, fishes, birds and 
recreational fishers. Loss of important foraging habitat in the project area could result in 
increased intraspecific competition on remaining natural habitats if juvenile greens are 
displaced from foraging sites. Key ecological services provided by nearshore hard 
bottom include substrate, shelter, habitat connectivity, feeding sites, nesting sites, and 
nursery areas. This resource and the associated species in their appropriate life stages 
are considered by the Service to be in Resource Category 1, and no loss of habitat value 



of these unique and limited areas is recommended. The Service recommends that the 
following measures be included in future project planning: 

1. While the Corps perfonned significant detailed analyses of alternatives and 
improved the understanding of some components of the nearshore hard 
bottom, certain data are still lacking. Further study of the ecological services 
that result from the proposed mitigation reef (placed in 12-16 ft of water, 300 
m from the planned nourishment and hard bottom burial area) will improve 
our assessment of the risk of destroying the limited and unique resource 
known as the Mid-Reach hard bottom. Existing studies utilizing a mitigation 
reef for this unique habitat have been restricted to settlement rates of 
macroalgae and Phragmatapoma. While these resources have shown positive 
response to the proposed design, settlement of specific fish and invertebrates 
of the appropriate life stages have not been sufficiently evaluated. 

2. A long-term monitoring strategy should be created prior to the first 
nourislm1ent event. This long-term monitoring strategy should focus on the 
direct, indirect and cumulative impacts of the nourislunent on the nearshore 
hard bottom ecosystem. 

3. If the study of a deployed reef (such as desctibed in the Corps plan) results in 
matched function and value as compared to the natural nearshore hard bottom 
then, a mitigation reef system would be recommended. It would also be 
recommended that the reef be prepared well in advance of the project 
construction, and at least half of that acreage should be deployed before 
construction to provide refugia for fishes and motile invertebrates which may 
be displaced by the project. 

4. The resource agencies should conduct a meeting with the infonnation received 
on the portion of the mitigation reef that has already been deployed. 
Monitmingjust after completion of the nourishment event and in the short 
term should be designed to analyze the actual area of direct and indirect 
impacts of short-term habitat and functional value. If the proposed mitigation 
reef did not in fact mitigate for the loss of the nearshore hard bottom over the 
short tenn, an alternative mitigation plan should be discussed. 

5. The resource agencies should conduct a meeting with the information received 
after long-tenn monitoring of the nearshore hard bottom and the proposed 
mitigation reef. If the monitoring demonstrates that the mitigation ratios are 
no longer valid with the new infom1ation received, an altemative plan should 
be discussed to mitigate for the loss of the habitat and functional value of the 
nearshore hard bottom. 
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Appendix A 

Brevard County, Florida Storm Damage Reduction Project 
Mid-Reach Segment 
Interagency Meeting 

June 13, 2007 
U.S. Army Corps of Engineers Office 

Meeting Minutes: 

1. The following were in attendance: 
Kevin Bodge, Olsen Associates, Inc. 
Virginia Barker, Brevard County 
Mike McGarry, Brevard County 
Karen Holloway-Adkins, East Coast Biologists 
Ann Marie Lauritsen, USFWS/Jax FO 
John Milio, USFWS/Jax ES FO 
Jason Engle, USACE, Jax District 
Candida Bronson, USACE, J ax District 
Paul Stodola, USACE, Jax District 
Kenneth Dugger, USACE, Jax District 
Irene Sadowski, USACE, Jax Dishict 
George Getsinger, NMFS HLD 
Osvaldo Rodriguez, USACE, Jax District 
Jessie Pettingi ll , USACE, Jax District 

The fo llowing were in attendance via telephone conference call: 
Marty Seeling, Flo1ida DEP 
Steve MacLeod, Florida DEP 
Doug Weeks, Florida DEP 
Kaitlin Luskin, Florida DEP 
Jackie Larson, Florida DEP 
Vladamir Kosmynin, Florida DEP 
Dennis Klemm, NMFS 
Pace Wilber, NOAA Fisheries 
Robbin Trindcll , FFWCC 

2. Osvaldo Rodriguez welcomed everyone to the meeting and introductions were made. 
Candida Bronson and Paul Stodola gave a short powerpoint presentation based on the 
read-ahead materials and then opened up the floor fo r di scussion. 

3. Robbin Trindell opened up the di scussion by asking which models were used to 
predict equilibration and if they were the same as in non-rock areas. The concem was if 
the rock impact presented was reasonable or if it underestimated the impact. Jason Engle 
explained how the rock impact was calculated, by using historical data from the Mid
Reach and translating the profile seaward. This approach assumes that the natural slope 
of the shorel ine would be translated seaward with the add ition of material. Kevin Bodge 



added that with the small amount of fill proposed, this is a valid approach. He added that 
fills at Patrick AFB can be used as a case study. Data from the Patrick AFB project have 
shown a stable fill, with longshore movement of material essentially in balance between 
what is moving north and what is moving south. It was requested that a summary of 
the Patrick AFB project and monitoring results be included in the next 
documentation for the Mid-Reach project. 

4. A concern was stated about turbidity impacts to the nearshore rock. Clarification 
resulted in the concern being not only the physical burial of rock but the impact on 
adjacent rock by turbidity caused by the fill. This would occur at every renourishment. 
Kevin Bodge stated that the material proposed was very low in fines content and is not 
expected to cause a turbidity issue. Information on the borrow material will be 
provided in the next set of documentation. 

5. Ann Marie Lauritsen turned the discussion to the mitigation and monitoring plan. The 
monit01ing plan in the read-ahead material discusses physical and biological monitoring 
over a period of 5 years. Provisions are included for actual versus predicted losses. A 
question was asked if the permits can include a requirement to recalculate the amount of 
mitigation based on the monit01ing data of impacts. Marty Seeling stated that there is 
precedence for this, and additional mitigation is usually required at the next 
renourishment. 

6. A technical question on the UMAM calculation was directed to DEP. Paul Stodola 
had used the technique of applying a zero to the post-burial rock area and a zero to the 
sandy bottom prior to construction of the mitigation reef. Marty Seeling agreed that this 
was appropriate. 

7. George Getsinger asked if any studies were completed ofthe effects on the rock 
within the Mid-Reach following the Patrick AFB fill. Kevin Bodge stated that the 
Patrick AFB fill has been relatively stable, except for the 2004 htmicanes when a loss of 
material was noted. The material did not visibly migrate notth or south but was lost to 
the project. Monitoring was done for about a Y2 mile south into the Mid-Reach area. 
Generally the Mid-Reach rock coverage is the same as historical amounts with no 
noticeable impact from the Patrick AFB fill. The rock is highly variable through time, 
with certain outcroppings buried while others emerge, but generally the same amount of 
rock is exposed through time. This is also variable with seasons and stonn events. 

8. The discussion moved to the topic of functional loss versus functional gain with 
respect to the rock impact and the mitigation proposed. Marty Seeling expressed 
reservations regarding the deeper depth of the mitigation reef compared to the shallow 
impact area. He did acknowledge that it may not be possible to verify if every function 
exists in both places and that best professional judgment may be used on the 
appropriateness of the mitigation. Karen Holloway-Adkins added some information from 
the environmental studies, stating that it was estimated that 64-85% of the function of the 
natural rock will be replicated by the mitigation reef. Concern was expressed over lost 
functions and cumulative effects. Virginia Barker added that out of the 7 sub-sets of 
functions studied, all were present at the mitigation site. George Getsinger suggested that 
the studies are missing specific age classes that may be affected. Ann Marie suggested 



that some of the concerns could be addressed through the monitoring plan. The 
monitoring plan should be tailored to address the uncertainties in the project and allow 
for adjustments in the mitigation required. 

9. The Indian River County mitigation project was brought up as an example of 
mitigation in the same 14 to 16 foot water depth. The monitoring report was just 
published for review. Vladamir Kosmynin and Robbin Trindell had looked at the report 
and offered that there was no baseline data where the natural rock was studied before 
impact, so that study does not answer all of our questions. It was stressed that the 
monitoring plan for Brevard Mid-Reach needs to contain a pre-construction survey of the 
impact area. Several others had not had the opportunity to review the report. Candida 
Bronson offered to get an electronic copy from Brevard County and make available. 

10. In a broad sense, Robbin Trindell said that the presented plan appears to be the right 
alternative. Concerns now focus on the mitigation and monitoring plan. George 
Getsinger seconded that idea. The monitoring plan needs to include baseline studies, the 
impact area and adjacent areas and include both physical and biological monitoring. 

1 I. George Getsinger asked about the Port Canaveral sand bypassing project and how 
that might affect the Mid-Reach project. In particular, what are the effects of placing a 
large volume of sand at one time rather than annually? Jason Engle stated that several 
studies have shown that the volume of sand is appropriate and that effects to the Mid
Reach have not been shown. Since the initial construction of the North Reach project, 
there is plenty of sand to feed the longshore littoral drift, so no further impacts should 
occur. Kevin Badge added that monitoring of the fill placement from the bypassing 
project has shown the same annual longshore transport regardless of the timing of the 
bypassing, i.e. the transport volume is the same in year one as in year six. So it appears 
that there is no effect on the transport of sand south by placing a large volume every six 
years as opposed to a smaller volume every year. 

12. It was asked for a briefing on the PALM study. Karen Holloway-Adkins provided 
the briefing and status. Three modules were constructed and deployed for the purpose of 
studying recruitment of sabellariid wonns and macroalgae on different substrates. 
Following 44 days in place at 15 foot water depth, one of the modules was pulled out of 
the water on May 5111

• Dr. McCarthy of Jacksonville University is still studying the 
samples and a report has not been compiled yet. From observations, Karen stated that 
there had been some scour and burial of the modules, and that there was good recruitment 
and diversity ofmacroalgae. The bottom line was that both the sabellariid worm and 
macroalgae were recruiting at the deeper depths. 

13. Paul Stodola initiated further discussion into the UMAM calculations. In particular 
the risk factor has a big impact on the final mitigation ratio and is under question. The 
Corps of Engineers is presently using 2.0 in its draft UMAM. Marty Seeling said it may 
be that a factor over 2.0 is appropriate. His main concerns are over structural stability of 
the mitigation reefs and the appropriateness of the mitigation reef design. It was 
suggested that some of these concerns may be addressed in the monitoring plan. For 
example, subsidence or other change in the physical size of the mitigation reef is easi ly 
monitored and conditions of the penn it could require more mitigation. The 



appropriateness is a more difficult question. However, the point was raised that requiring 
more mitigation of a type that may not work is not any better. The baseline data 
collection was mentioned again as a requirement in determining if the mitigation is 
working to replace the lost functions or not. FDEP stated they are generally happy with 
the studies done to date. All available data to date from the Brevard County 
environmental studies needs to be included in the next document. The monitoring 
plan needs to include specifics with a schedule, cost and parameters to be studied. It 
should be multi-season, include some species-specific studies, and age and depth related 
parameters. 

14. George Getsinger asked about the non-structural measures listed in the read-ahead 
material and if any of them proved to be a viable alternative to construction. The read
ahead contains descriptions of several non-structural measures and qualitative evaluations 
of why each ofthem do not fully address the problems at the Mid-Reach. No non
structural measures were included in the final array of alternatives. The condemnation 
and acquisition measure was carried forward to identify parcels for acquisition but proved 
to be an incomplete solution due to the high variability of structure age, design, and set
back from the shoreline. Other policy changes are difficult to implement as the Corps 
does not have jurisdiction and local authority is variable, some Brevard County, some 
City of Satellite Beach, and some City of Indian Harbour Beach. 

15. Summing up. Robbin Trindell and George Getsinger voiced their support. A lot of 
progress has been made on this project, the alternatives evaluation was very thorough, 
and the team is headed in the right direction. Ann Marie Lauritsen added that the team 
has shown avoidance and minimization of impacts, acknowledging there is still work to 
be done on the mitigation and monitoring plan. Mmiy Seeling commended the Corps for 
the work completed and agreed with Ann Marie on the work needed for the mitigation 
and monitoring plan. John Milio and Irene Sadowski agreed also. The Corps had invited 
the agencies to participate in the study as "collaborating agencies" and NMFS and 
USFWS have accepted. George Getsinger and Ann Marie Lauritsen offered to work 
directly and informally with Paul Stodola to help develop the monitoring plan. 

16. The next steps for the project were summarized as presentation of the proposed plan 
to Corps headquarters at the AFB meeting in late August or September fo llowed by 
preparation of the draft report. Brevard County and all the environmental resource 
agencies will be invited to the AFB meeting and documentation will be made available. 
The purpose of the meeting is to get approval of the proposed plan. It is likely that the 
monitoring plan will not be complete at that time but will be completed prior to the draft 
repOii. 

17. The meeting was adjourned at 12:25 pm. 



Appendix B 

USFWS 2006 Biological Opinion with amended Reasonable and Prudent Measures 
and Terms and Conditions 

Colonel Paul L. Grosskruger, District Engineer 
U.S. Army Corps of Engineers 
Regulatory Division, N01th Permits Branch 
Atlantic Pennits Section 
P.O. Box 4970 
Jacksonville, Florida 32232-0019 

FWS Log Number: 4191 0-2008-F-0300 

Dear Colonel Grosskruger: 

This document is the Service's review of the Mid Reach nourishment project and it' s 
effects on the loggerhead (Caretta caretta), green (Chelonia mydas), leatherback 
(Dermochelys coriacea), hawksbill (Eretmochelys imbricata) and the Kemp's ridley 
(Lepidochelys kempii) sea tUitles in accordance with section 7 of the Endangered Species 
Act(Act)of1973, asamended(16U.S.C.I531 etseq.). 

The following will replace the sea turtle "Reasonable and Prudent Measures" and "Terms 
and Condition" in the Biological Opinion dated February 1, 2006. All other parts of the 
Biological Opinion will remain the same. 

REASONABLE AND PRUDENT MEASURES 

The Service has detennined that the following reasonable and prudent measures are 
necessary and appropriate to minimize take of the loggerhead, green, leatherback, 
hawksbill, and Kemp's ridley sea turtles in the proposed beach nourishment or dredged 
channel material placement action area. 

I. Beach quality sand suitable for sea turtle nesting, successful incubation, and hatchling 
emergence must be used for beach nourishment and dredged channel material 
placement. 

2. The nourishment project must not occur from May 1 through October 31, the period 
of the main sea turtle egg laying and egg hatching season, to reduce the possibility of 
sea tmtle nest burial, crushing of eggs, or nest excavation. 

3. All derelict concrete, metal, coastal am1oring geotexti le material or other debris must 



be removed from the beach prior to any sand placement. 

4. If a dune system is already part of the project design, the placement and design of the 
dune must emulate the natural dune system to the maximum extent practicable, 
including the dune configuration and shape. 

5. Daily early moming surveys for sea turtle nests must be conducted during the year the 
beach nourishment project is conducted and for at least two years following project 
completion. 

6. A survey of all artificial lighting visible from the nourished beach must be completed. 
This information must be provided to the Service, FWC and the County or 
municipality. 

7. A meeting between representatives of the contractor, the Service, the FWC, and the 
permitted sea turtle surveyor must be held prior to the commencement of work on this 
project. 

8. Beach nourishment projects or dredged channel material placement conducted during 
the sea turtle nesting season but outside the peak period, must conduct surveys for 
early and late nesting sea turtles. Nests laid in the area of beach nourishment must be 
relocated to minimize sea turtle nest burial, crushing of eggs, or nest excavation. 

9. Beach compaction must be monitored and tilling must be conducted immediately 
after completion of the beach nourishment project or dredged channel material 
placement and prior to the next three nesting seasons as needed to reduce the 
likelihood of impacting sea turtle nesting and hatching activities. 

l 0. Escarpment formation must be monitored immediately after completion of the beach 
nourishment project or dredged channel material placement and prior to the next three 
nesting seasons to determine if escarpments are present and if present, must be 
leveled as required to reduce the likelihood of impacting sea turtle nesting and 
hatching activities. 

11. Construction equipment and materials must be stored in a manner that will minimize 
impacts to nesting and hatching sea turtles during the early and late portions of the 
sea turtle nesting season to the maximum extent practicable. 

12. Lighting associated with the project during the sea turtle nesting season must be 
minimized to reduce the possibility of disrupting and disorienting nesting and/or 
hatchling sea turtles. 

13. A report describing the actions taken to implement the tem1s and conditions ofthis 
incidental take statement must be submitted to the Service by January 15 of the year 
following when the activity has occurred. 

14. The Service or FWC must be notified if a sea turtle adult, hatchl ing, or egg, is hanned 
or destroyed as a direct or indirect result of the project. 



TERMS AND CONDITIONS 

In order to be exempt from the prohibitions of section 9 of the Act, the Corps must 
comply with the following terms and conditions, which implement the reasonable and 
prudent measures, described above and outline required reporting/monitoring 
requirements. These terms and conditions are non-discretionary. 

1. Beach compatible fill must be placed on the beach or in any associated dune system. 
Beach compatible fill is material that maintains the general character and 
functionality of the material occurring on the beach and in the adjacent dune and 
coastal system. Such material must be predominately of carbonate, quartz or similar 
material with a particle size distribution ranging between 0.062mm (4.0$) and 
4.76mm (-2.25$) (classified as sand by either the Unified Soils or the Wentworth 
classification), must be similar in color and grain size distribution (sand grain 
frequency, mean and median grain size and sorting coefficient) to the material in the 
historic beach sediment at the disposal site and must not contain: 

I a. Greater than 5 percent, by weight, silt, clay or colloids passing the #230 sieve 
( 4.0<p ); 

1 b. Greater than 5 percent, by weight, fine gravel retained on the #4 sieve (- 2.25<p ); 

lc. Coarse gravel, cobbles or material retained on the 3/4 inch sieve in a percentage 
or size greater than found on the native beach; 

I d. Construction debris, toxic material or other foreign matter; and 

1 e. Material that will result in cementation of the beach. 

If rocks or other non-specified materials appear on the surface of the filled beach in 
excess of 50 percent of background in any 10,000 square foot area, then surface rock 
should be removed from those areas. These areas must also be tested for subsurface 
rock percentage and remediated as required. If the natural beach exceeds any of the 
limiting parameters listed above, then the till material must not exceed the naturally 
occuning level for that parameter. 

Pursuant to subsection 628-41 .005(15), Florida Administrative Code (F.A.C.), sandy 
sediment derived ti·om the maintenance of coastal navigation channels must be 
deemed suitable for beach placement with up to 10 percent fine material passing the 
#230 sieve, provided that it meets the criteria contained in 2b to 2e above and water 
quality standards. If this material contains between 10 percent and 20 percent fine 
material passing the #230 sieve by weight, and it meets all other sediment and water 
quality standards, it must be considered suitable for placement in the nearshore 
portion of the beach. 

These standards must not be exceeded in any 1 0,000 square foot section extending 
through the depth of the nourished beach. If the native beach exceeds any of the 



limiting parameters listed above, then the fill material must not exceed the naturally 
occurring level for that parameter. 

2 . Nourishment projects must be started after October 31 and be completed before May 
1. During the May 1 through October 31 period, no construction equipment or pipes 
may be placed and/or stored on the beach. 

3. All derelict concrete, metal, and coastal armoring geotextile material and other debris 
must be removed from the beach prior to any sand placement to the maximum extent 
practicable. Debris removal activities must be conducted during daylight hours only 
from March 1 through November 30 must not commence until completion of the sea 
turtle survey each day. 

4. Dune restoration or creation included in the profile design (or project) must have a 
slope of 1.5:1 followed by a gradual slope of 4:1 for approximately 20 feet seaward 
on high erosion beach (Figure#) or a 4:1 slope (Figure#.) on a low erosion beach. If 
another slope is used, the Corps must either provide information that the new slope is 
similar to the preexisting project slope or provide nesting success data (ratio of false 
crawls to nests) for the sea turtle nesting season following the project completion. 
T his will assist in detem1ining if that slope was feasible for sea turtle nesting success 
in that area. If it is determined that nesting success was low due to the slope, the 
Corps will meet with the Service to discuss a new slope for the next nourishment 
event. 

HIGH LOSS AREA 

1.5:1 slope ± 

/ 4:1 slope± 

Scarp height is 3'- 8' 



LOW LOSS AREA 

Existing slope 

/ 4:1 slope± 

Scarp height is 3' or less 

5. Beach nourishment project must report on all sea tmtle nesting activity for the initial 
nesting season and for a minimum of two additional nesting seasons. Monitoting of 
nesting activity in the seasons following construction shall include daily surveys and 
any additional measures authorized by the Service and FWC. 

6. Artificial beachfront lighting in the beach nourishment project must be managed by 
the applicant or local sponsor. For areas where there is no lighting ordinance in place 
the applicant or local sponsor must complete a survey of all lighting visible from the 
beach before and after the nourishment project using standard techniques for such a 
survey (attachment 1 ). For areas where there is lighting ordinance in place the 
applicant or local sponsor must complete a survey of all lighting visible from the 
beach only after the nourishment project using standard techniques for such a survey. 

The surveys shall document all lighting visible from the un- or previously nourished 
beach and then the nourished beach by May 15 following the nourishment work and 
again by June 15, July 15, August 15, and September 15 of that nesting season. For 
each light source visible, it must be documented that the property owner(s) have been 
notified of the problem light with recommendations for cotTecting the light. 
Recommendations must be in accordance with the county's or municipalities' specific 
lighting ordinance. For counties or municipalities with no lighting ordinance, 
recommendations must be in accordance with the Florida Model Lighting Ordinance 
for Marine Turtle Protection F AC 62B55. A summary report of each survey 
including documentation of property owner notification must be submitted to the 
Service (Table#) by the 1st of the following month; and a final summary report 
provided by December 15 of that year. After the final report is completed, a meeting 
must be set up with the local sponsor or applicant, county or municipality, FWC and 
the Service to discuss the survey report and documented sea turtle disorientations. 



7. A meeting between representatives of the contractor, the Service, the FWC, and the 
permitted sea turtle surveyor must be held prior to the commencement of work on this 
project. At least 1 0-business days advance notice must be provided prior to 
conducting this meeting. The meeting will provide an opportunity for explanation 
and/or clarification of the sea turtle protection measures as well as additional 
guidelines when construction occurs during the nesting season such as storing 
equipment, minimizing driving, feral cats observation and reporting within the work 
area as well as follow up meetings during construction. 

8. Beach nourishment projects or dredged channel material placement that occur during 
the period from March l through April 30, must conduct daily early morning surveys 
for sea turtle nests from March 1 through April 30 or until completion of the project 
(whichever is earliest). Beach nourishment project or dredged channel material 
placement occurring during the period from November 1 through November 30, must 
conduct daily early morning sea turtle nesting surveys 65 days prior to project 
initiation and continue through September 30. From March I through April 30 and 
November 1 tlU'ough November 30, eggs must be relocated per the following 
requirements. 

8a. Nesting surveys and egg relocations will only be conducted by persons with prior 
experi ence and training in these activities and who is duly authorized to conduct 
such activities through a valid pennit issued by FWC, pursuant to F.A.C 68E-l. 
Please contact FWC's Marine Turtle Management Program in Tequesta at (561) 
575-5408 for information on the permit holder in the project area. Nesting 
surveys must be conducted daily between sunrise and 9 a.m. (this is for all time 
zones). The contractor must not initiate work until daily notice has been received 
from the sea turtle permit holder that the morning survey has been completed. 
Surveys must be perfom1ed in such a manner so as to ensure that construction 
activity does not occur in any location prior to completion of the necessary sea 
tut1le protection measures. 

8b. Only those sea turtle nests that may be affected by sand placement activities will 
be relocated. Nests requiring relocation must be moved no later than 9 a.m. the 
morning following deposition to a nearby self-release beach site in a secure 
setting where artificial lighting will not interfere with hatchling orientation. 
Relocated nests must not be placed in organized groupings; relocated nests must 
be randomly staggered along the length and width of the beach in settings that are 
not expected to experience daily inundation by high tides or known to routinely 
experience severe erosion and egg loss, or subject to artificial lighting. Nest 
relocations in association with construction activities must cease when 
construction activities no longer threaten nests. 

8c. Sea turtle nests deposited within areas where construction activities have ceased, 
will not occur for 65 clays, or nests in the nourished benn prior to tilling must be 
marked and left in situ unless other factors threaten the success of the nest. The 
turtle permit holder must install an on-beach marker at the nest site and/or a 
secondary marker at a point landward as possible to assure that future location of 
the nest will be possible should the on-beach marker be lost. No activity vvill 



occur within this area nor will any activities occur which could result in impacts 
to the nest. Nest sites must be inspected daily to assure nest markers remain in 
place and the nest has not been disturbed by the project activity. 

9. Sand compaction must be monitored in the area of nourishment or dredged channel 
material placement immediately after completion and prior to March 1 for three (3) 
subsequent years in accordance with a protocol agreed to by the Service, FWC, and 
the applicant or local sponsor. At a minimum, the protocol provided under 9a and 9b 
below must be followed. If tilling is needed, the area must be tilled to a depth of36 
inches. Each pass of the tilling equipment must be overlapped to allow more 
thorough and even tilling. All tilling activity must be completed at least once fi"om 
November 1 to April 15. A repmi on the results of the compaction monitoring must 
be submitted to the Service's field office prior to any tilling actions being taken. 
(NOTE: The requirement for compaction monitoring can be eliminated if the 
decision is made to till regardless of post-construction compaction levels. 
Additionally, out-year compaction monitoring and remediation are not required if 
placed material no longer remains on the dry beach.) 

9a. Compaction sampling stations must be located at 500-foot intervals along the 
project area. One station must be at the seaward edge of the dune/bulkhead line 
(when material is placed in this area), and one station must be midway between 
the clune line and the high water line (normal wrack line). 

9b. At each station, the cone penetrometer must be pushed to a depth of 6, 12, and 18 
inches three times (three replicates). Material may be removed from the hole if 
necessary to ensure accurate readings of successive levels of sediment. The 
penetrometer may need to be reset between pushes, especially if sediment 
layering exists. Layers of highly compact material may lie over less compact 
layers. Replicates must be located as close to each other as possible, without 
interacting with the previous hole and/or disturbed sediments. The three replicate 
compaction values for each depth must be averaged to produce final values for 
each depth at each station. Reports will include all 18 values for each transect 
line, and the final 6 averaged compaction values. 

9c. If the average value for any depth exceeds 500 pounds per square inch (psi) for 
any two or more adjacent stations, then that area must be tilled immediately ptior 
to the following elates listed above. 

9d. If values exceeding 500 psi are distributed throughout the project area but in no 
case do those values exist at two adjacent stations at the same depth, then 
consultation with the Service will be required to determine if tilling is required. If 
a few values exceeding 500 psi are present randomly within the project area, 
tilling will not be required. 

9e. Tilling must occur landward of the wrack line and avoid all vegetated areas three 
(3) square feet or greater with a three (3) square foot buffer around the vegetated 
areas. 



10. Visual surveys for escarpments along the project area must be made immediately 
after completion of the beach nourishment project or dredged channel material 
placement and during 30 days prior to March 1 for 3 subsequent years if sand still 
remains on the beach. Escarpments that interfere with sea turtle nesting or that 
exceed 18 inches in height for a distance of 100 feet must be leveled and the beach 
profile must be reconfigured to minimize scarp formation by March 1. Any 
escarpment removal must be reported by location. If the project is completed during 
the early part of the sea turtle nesting and hatching season (March 1 through April 
30), escarpments may be required to be leveled immediately, while protecting nests 
that have been relocated or left in place. Surveys for escarpments must be conducted 
weekly during the two nesting season following completion of the project. Surveys 
must include the number and location of escarpments, notations of the height of these 
escarpments shall be included (0 to 2 feet, 2 to 4 feet, and 4 feet or higher) as well as 
the maximum height of all escarpments. The Service must be contacted immediately 
if subsequent refonnation of escarpments that interfere with sea tu1ile nesting or that 
exceed 18 inches in height for a distance of 100 feet occurs during the nesting and 
hatching season to determine the appropriate action to be taken. If it is determined 
that escarpment leveling is required during the nesting or hatching season, the Service 
or FWC will provide a brief written authorization that describes methods to be used to 
reduce the likelihood of impacting existing nests. An annual summary of escarpment 
surveys and actions taken must be submitted to the Service' s Field Office (Table#). 
(NOTE: Out-year escarpment monitoring and remediation are not required if placed 
material no longer remains on the dry beach). 

11. Staging areas for construction equipment must be located off the beach from March l 
through April 30 and November 1 through November 30, if these areas are available. 
Nighttime storage of construction equipment not in use must be off the beach to 
minimize disturbance to sea turtle nesting and hatching activities. In addition, all 
construction pipes that are placed on the beach must be located as far landward as 
possible without compromising the integrity of the existing or reconstructed dune 
system. Temporary storage of pipes must be off the beach to the maximum extent 
possible. If the pipes must be on the beach it must be in such a manner to minimize 
the impact to nesting habitat and must not compromise the integrity of the dune 
systems. Pipes placed parallel to the dune must be five to ten feet away from the toe 
of the dune. 

12. Direct lighting of the beach and nearshore waters must be limited to the immediate 
construction area from March 1 through April 30 and November I through November 
30, and must comply with safety requirements. Lighting on offshore or onshore 
equipment must be minimized through reduction, shielding, lowering, and appropriate 
placement to avoid excessive illumination of the waters surface and nesting beach 
while meeting all Coast Guard, EM 385-1-1, and OSHA requirements. Light 
intensity of lighting plants must be reduced to the minimum standard required by 
OSHA for General Construction areas, in order not to misdirect sea turtles. Shields 
must be affixed to the light housing and be large enough to block light from all lamps 
from being transmitted outside the constmction area (see Figure 1 0). 



Beach 
No Illumination 

Zone 

WORKAR.DA 

Li ght Source 

Beach 
No Illumination 

Zone 

CROSS S ECnm l ............. 
""~-~-"( 

~J'.,. ·""" __ /;_~/;P~ 

Figure # 1 0. Beach lighting schematic. 
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I . A report describing the projects conducted during the year and actions taken to 
implement the reasonable and prudent measures and tenns and conditions of this 
incidental take statement shall be submitted to the Service (Table #) by March 1 
of the fo llowing year of completing the proposed work fo r each year when the 
act1v1ty h d Tl . ·11 . I cl I [! II . . t1 . as occurre 11s report w1 111CU e t 1e ··o owmg m ormation: 
All proj ects Project location (include DEP R-

Monuments) 
Project description 
Dates of actual construction activities 
Names and qual ifications of personnel 
involved in sea turtle nest surveys and 
relocatio n activities (separate the nests 
surveys for nourished and non-noUJished 
areas) 
Descriptions and locations of self-release 
beach s ites 
Nest survey and relocation results and the 
information outlined in Table # 

2 . In the event a sea turtle nest is excavated during construction activities, the pennitted 
person responsible for egg relocation for the project must be notified so the eggs can 
be moved to a suitable relocation site. 



3. Upon locating or injured sea turtle adult, hatchling, or egg, beach mouse may have 
been harmed or destroyed as a direct or indirect result of the project, the Corps, 
pennittee, and/or local sponsor must be responsible for notifying FWC Wildlife Alert 
at 1-888-404-FWCC (3922) and the Service's North Florida Field Office: 

Care must be taken in handling injured turtles or eggs, beach mice or piping plovers to 
ensure effective treatment or disposition, and in handling dead specimens to preserve 
biological materials in the best possible state for later analysis. 



Table 1: Sea Turtle Monitoring for Beach Nourishment or Dredged Material Placement 

CHARACTERISTIC PARAMETER MEASUREMENT VARIABLE 

Nesting Success False crawls- Visual assessment Number and location of false crawls in nourished 
number of all false crawls areas and non nomished areas: any interaction of the 

turtle with obstructions, such as groins, seawalls, or 
scarps, should be noted. 

False crawl - Categorization of Number in each of the following categories: 
type the stage at which emergence-no digging, preliminary body pit, 

nesting was abandoned egg chamber. 
abandoned 

Nests Number The number of sea tur1le nests in nourished and non 
nourished areas should be noted. If possible, the 
location of all sea turtle nests must be marked on map 
of project, and approximate distance to sea walls or 
scarps measured using a meter tape. Any abnonnal 
cavity morphologies should be repot1ed as well as 
whether turtle touched groins, seawalls, or scarps 
during nest excavation 

Lost Nests The number of nests lost to inundation, erosion or the 
number with lost markers that could not be found. 

Lighting Disoriented sea The number of disoriented hatchlings and adults must 
Impacts turtles be documented and reported in accordance with 

existing FWC protocol for disorientation events. 

Reproductive Emergence Standard survey Numbers of the following: unhatched eggs, 
Success & hatching protocol depredated nests and eggs, live pipped eggs, dead 

success pipped eggs, live hatchlings in nest, dead hatchlings 
in nest, hatchlings emerged, disoriented hatchlings, 
depredated hatchlings 

The reasonable and prudent measures, with their implementing terms and conditions, 
are designed to minimize the impact of incidental take that might otherwise result from the 
proposed action. The Service believes that no more than 7. 78 miles of nesting loggerhead, 
green, leatherback, Kemp's ridley, and hawksbill sea turtles will be incidentally taken. If 
during the course of the action, this level is exceeded; such incidental take represents new 
information requiring initiation of consultation and review of the reasonable and prudent 
measures provided. The Corps must immediately provide an explanation of the causes of 
the taking and review with the service the need for possible modification of the reasonable 
and prudent measures. 
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Colonel Robert M. Carpenter 
U.S. Army Corps of Engineers 
701 San Marcos Boulevard, Room 372, 
Jacksonville, Florida 32207-8175 

6620 Southpoint Drive, South 
Suite 310 

Ja.WonviUe, Florida 32216-0912 

RE: FWS Log No: 41910-2006-F-0048 

Dear Colonel Carpenter: 

This document transmits the Fish and Wildlife Service's (Service) biological opinion based on our 
review of the proposed beach nourishment project located in Brevard County, Florida, and its 
effects on loggerheads, greens, leatherbacks, and hawksbill sea turtles in accordance with section 7 
of the Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 et seq.). Your 
November 16, 2005 request for formal consultation was received on November 16,2005. 

This biological opinion is for sand placement along Brevard Mid Reach area. Information is 
provided in the October 13, 2005 coordination letter, the public notice, Brevard County, Florida 
Mid Reach Shore Protection Project Revision A (11/10/05), Post·construction Monitoring of the 
Canaveral Shoals II Offshore Borrow Area, the December 6, 2005 meeting, telephone conversations 
of October 11, 2005 with Irene Sadowski, and other sources of information. A complete 
administrative record of this consultation is on file at Jacksonville Field Office. 

CONSULTATION HISTORY 

The Mid Reach shoreline was deleted from the originally proposed federal project limits in 1996 
because of environmental concerns related to the burial of the existing nearshore rock outcrops by 
conventional beach nourishment. The Service determined that in order to further consider beach 
nourishment alternatives along the Mid-Reach, it would be necessary to (1) more definitively map 
the rock resource, (2) demonstrate the severity of the beach erosion problem relative to the local 
abundance of the rock, (3) evaluate alternative solutions and their potential environmental impacts, 
and (4) present a specific plan or proposal for comment. 

On October 11, 2005, the Service received a call from Irene Sadowski of the Corps with 
information on the Mid Reach shore protection project. On October 13, 2005, the Corps initiated 
formal Section 7 consultation with the Service for the beach nourishment and shoreline stabilization 
project for Brevard Mid Reach area. On December 6, a meeting was held with representatives of 
the Corps, the Florida Department of Protection (DEP), NOAA Fisheries, Florida Fish and Wildlife 
Conservation Commission, Olsen and Associates, Dynamac, and the Service. The Corps 



detennined that this project may affect the loggerhead, green, leatherback, and hawksbill sea turtles. 
In addition, the Corps made a determination that the project may affect but was not likely to 
adversely affect the West Indian manatee (Trichechus manatus), the southeastern beach mouse 
(Peromyscus polionotus nineiventris) and the piping plover (Charadrius milodus). The Service 
concurred with these determinations. 

BIOLOGICAL OPINION 

DESCRIPTION OF THE PROPOSED ACTION 

Brevard County is located on Florida's central Atlantic coast and includes about 72 miles of sandy, 
ocean shoreline. Of this, 32 miles are mostly undeveloped federal coastline north of Canaveral 
Harbor Entrance. The other forty miles feature a diverse mix of public, private, and federal 
oceanfront development. The present study principally focuses upon 7.6- miles of this developed 
shoreline, from the south end of Patrick AFB to just north of Indialantic (R75.3- R118.3); or, 
between approximately 13.6 and 21.2 statute miles south of Canaveral Harbor Entrance, by 
shorefront measure. This 7.6-mile area is referred to as the "Mid-Reach". There have been no 
prior, significant beach nourishment projects constructed along the Mid-Reach shoreline. Small
scale, truck-haul placement of sand against the eroded bluffiine has been conducted by property 
owners at many locations after storm events. Brevard County Board of County Commissioners 
(BCBOCC) is proposing to place approximately 1,800,000 cubic yards ofbeach-compatible sand 
from the previously borrowed Canaveral Shoals Borrow Area I and II. The borrow site is located 
approximately 3.5 miles east off Brevard County shoreline. Sand will be placed by truck-haul along 
R-Monument 75.4 toR-Monument 99. This sand will initially be stockpiled above the mean high 
water line (MHWL) south ofR-Monument 99. The remaining project area (R-Monument 99 toR
Monument 118.7) will be nourished by hydraulic methods. 

The project also consists of using a nearshore sand rehandling area located between 2600 feet and 
5050 feet seaward between R-Monument 107 and R-Monument Ill. The rehandling area will 
require placement of a minimum of a two-foot thick layer if beach-compatible sand above the 
ambient seabed. Beach compatible sand placed on this layer will subsequently be transferred to the 
beach placement area by hydraulic dredge. The proposed project will place approximately 
1,800,000 cubic yards of fill material along the Mid Reach of7.6 miles of linear beach (R75.4 toR-
118.3). 

The sand source for both projects will be the Canaveral Shoals II offshore borrow areas. The fill 
material will be similar in both coloration and grain size distribution to the native beach. The fill 
material will be free of construction debris, rocks, or other foreign matter and will not contain, on 
average, greater than 10 percent fmes (i.e., silt and· clay) (passing the #200 sieve) and will not 
contain, on average, greater than 5 percent coarse gravel or cobbles, exclusive of shell material 
(retained by the #4 sieve). The sand will be dredged and trucked to the nourishment site. The 
Corps has committed not to do the work during the sea turtle nesting season, May 1 through 
November 30. 
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STATUS OF THE SPECIES/CRITICAL HABITAT 

Species/critical habitat description 

Loggerhead Sea Turtle 

The loggerhead sea turtle (Caretta caretta), listed as a threatened species on July 28, 1978 (43 FR 
32800), inhabits the continental shelves and estuarine environments along the margins of the 
Atlantic, Pacific, and Indian Oceans. Loggerhead sea turtles nest within the continental U.S. from 
Louisiana to Virginia. Major nesting concentrations in the U.S. are found on the coastal islands of 
North Carolina, South Carolina, and Georgia, and on the Atlantic and Gulf coasts of Florida 
(Hopkins and Richardson 1984 ). 

No critical habitat has been designated for the loggerhead sea turtle. 

Green Sea Turtle 

The green sea turtle (Chelonia mydas) was federally listed as a protected species on July 28, 1978 
(43 FR 32800). Breeding populations of the green turtle in Florida and along the Pacific Coast of 
Mexico are listed as endangered; all other populations are listed as threatened. The green turtle has 
a worldwide distribution in tropical and subtropical waters. Major green turtle nesting colonies in 
the Atlantic occur on Ascension Island, Aves Island, Costa Rica, and Surinam. Within the U.S., 
green turtles nest in small numbers in the U.S. Virgin Islands and Puerto Rico, and in larger 
numbers along the east coast of Florida, particularly in Brevard, Indian River, St. Lucie, Martin, 
Palm Beach, and Broward Counties (National Marine Fisheries Service and U.S. Fish and Wildlife 
Service 199la). Nesting also has been documented along the Gulf coast of Florida on Santa Rosa 
Island (Okaloosa and Escambia Counties) and from Pinellas County through Collier County 
(Florida Fish and Wildlife Conservation Commission, tmpublisbed data). Green turtles have been 
known to nest in Georgia, but only on rare occasions (Georgia Department ofNatural Resources, 
unpublished data). The green turtle also nests sporadically in North Carolina and South Carolina 
(North Carolina Wildlife Resources Commission, unpublished data; South Carolina Department of 
Natural Resources, unpublished data). Unconfirmed nesting of green turtles in Alabama has also 
been reported (Bon Secour National Wildlife Refuge, unpublished data). 

Critical habitat for the green sea turtle has been designated for the waters surrounding Culebra 
Island, Puerto Rico, and its outlying keys. 

Leatherback Sea Turtle 

The leatherback sea turtle (Dermochelys coriacea), listed as an endangered species on June 2, 1970 
(35 FR 8491), nests on shores of the Atlantic, Pacific and Indian Oceans. Non-breeding animals 
have been recorded as far north as the British Isles and the Maritime Provinces of Canada and as far 
south as Argentina and the Cape of Good Hope (Pritchard 1992). Nesting grounds are distributed 
worldwide, with the Pacific Coast of Mexico supporting the world's largest known concentration of 
nesting leatherbacks. The largest nesting colony in the wider Caribbean region is found in French 
Guiana, but nesting occurs frequently, although in lesser numbers, from Costa Rica to Columbia 
and in Guyana, Surinam, and Trinidad (National Marine Fisheries Service and U.S. Fish and 
Wildlife Service 1992, National Research Council 1990a). 
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The leatherback regularly nests in the U.S. in Puerto Rico, the U.S. Virgin Islands, and along the 
Atlantic coast of Florida as far north as Georgia (National Marine Fisheries Service and U.S. Fish 
and Wildlife Service 1992). Leatherback turtles have been known to nest in Georgia, South 
Carolina, and North Carolina, but only on rare occasions (Murphy 1996, Winn 1996, Boettcher 
1998). Leatherback nesting also has been reported on the northwest coast of Florida (LeBuff 1990; 
Florida Fish and Wildlife Conservation Commission, unpublished data); a false crawl (non-nesting 
emergence) has been observed on Sanibel Island (LeBuff 1990). 

Marine and terrestrial critical habitat for the leatherback sea turtle has been designated at Sandy 
Point on the western end of the island of St. Croix, U.S. Virgin Islands. 

Hawksbill Sea Turtle 

The hawksbill sea turtle (Eretmochelys imbricata) was listed as an endangered species on June 2, 
1970 (35 FR 8491). The hawksbill is found in tropical and subtropical seas of the Atlantic, Pacific, 
and Indian Oceans. The species is widely distributed in the Caribbean Sea and western Atlantic 
Ocean. Within the continental U.S., hawksbill sea turtle nesting is rare and is restricted to the 
southeastern coast of Florida (Volusia through Dade Counties) and the Florida Keys (Monroe 
County) (Meylan 1992, Meylan eta/. 1995). However, hawksbill tracks are difficult to dHferentiate 
from those of loggerheads and may not be recognized by surveyors. Therefore, surveys in Florida 
likely underestimate actual hawksbill nesting numbers (Meylan eta/. 1995). In the U.S. Caribbean, 
hawksbill nesting occurs on beaches throughout Puerto Rico and the U.S. Virgin Islands (National 
Marine Fisheries Service and U.S. Fish and Wildlife Service 1993). 

Critical habitat for the hawksbill sea turtle has been designated for selected beaches and/or waters of 
Mona, Monito, Culebrita, and Culebra Islands, Puerto Rico. 

Table 1: Marine Turtle Nesting Activity along the Mid Reach (12.0km) in Brevard County, Florida 
( 1989 -2000) 

L h d ogger ea G reen L th b k ea er ac 
Nests per False Nests per False Total False 
km per crawl km every crawl Nests (12- crawls 
year ratio 2 yrs ratio yrs) (12-yrs) 
240 0.86 10.7 0.88 2 0 

Life history 

Loggerhead Sea Turtle 

Loggerheads are known to nest from one to seven times within a nesting season (Talbert eta!. 1980, 
Richardson and Richardson 1982, Lenarz et al. 1981, among others); the mean is approximately 4.1 
(Murphy and Hopkins 1984). The interval between nesting events within a season varies around a 
mean of about 14 days (Dodd 1988). Mean clutch size varies from about 1 00 to 126 along the 
southeastern United States coast (National Marine Fisheries Service and U.S. Fish and Wildlife 
Service 1991 b). Nesting migration intervals of 2 to 3 years are most common in loggerheads, but 
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the number can vary from 1 to 7 years (Dodd 1988). Age at sexual maturity is believed to be about 
20 to 30 years (Turtle Expert Working Group 1998). 

Green Sea Turtle 

Green turtles deposit from one to nine clutches within a nesting season, but the overall average is 
about 3.3. The interval between nesting events within a season varies around a mean of about 13 
days (Hirth 1997). Mean clutch size varies widely among populations. Average clutch size 
reported for Florida was 136 eggs in 130 clutches (Witherington and Ehrhart 1989). Only 
occasionally do females produce clutches in successive years. Usually 2, 3, 4, or more years 
intervene between breeding seasons (National Marine Fisheries Service and U.S. Fish and Wildlife 
Service 1991 a). Age at sexual maturity is believed to be 20 to 50 years (Hirth 1997). 

Leatherback Sea Turtle 

Leatherbacks nest an average of five to seven times within a nesting season, with an observed 
maximum of 11 (National Marine Fisheries Service and U.S. Fish and Wildlife Service 1992). The 
interval between nesting events within a season is about 9 to 1 0 days. Clutch size averages 1 01 
eggs on Hutchinson Island, Florida (Martin 1992). Nesting migration intervals of 2 to 3 years were 
observed in leatherbacks nesting on the Sandy Point National Wildlife Refuge, St. Croix, U.S. 
Virgin Islands (McDonald and Dutton 1996). Leatherbacks are believed to reach sexual maturity in 
6 to 10 years (Zug and Parham 1996). 

Hawksbill Sea Turtle 

Hawksbills nest on average about 4.5 times per season at intervals of approximately 14 days 
(Corliss eta/. 1989). In Florida and the U.S. Caribbean, clutch size is approximately 140 eggs, 
although several records exist of over 200 eggs per nest (National Marine Fisheries Service and 
U.S. Fish and Wildlife Service 1993). On the basis of limited information, nesting migration 
intervals of2 to 3 years appear to predominate. Hawksbills are recruited into the reef envirorunent 
at about 14 inches in length and are believed to begin breeding about 30 years later. However, the 
time required to reach 14 inches in length is unknown and growth rates vary geographically. As a 
result, actual age at sexual maturity is not known. 

Pooulation dynamics 

Loggerhead Sea Turtle 

Total estimated nesting in the Southeast is approximately 50,000 to 70,000 nests per year (National 
Marine Fisheries Service and U.S. Fish and Wildlife Service 1991 b). In 1998, there were over 
80,000 nests in Florida alone. From a global perspective, the southeastern U.S. nesting aggregation 
is of paramount importance to the survival of the species and is second in size only to that which 
nests on islands in the Arabian Sea off Oman (Ross 1982, Ehrhart 1989, National Marine Fisheries 
Service and U.S. Fish and Wildlife Service 199lb). The status of the Oman colony has not been 
evaluated recently, but its location in a part of the world that is vulnerable to disruptive events (e.g., 
political upheavals, wars, catastrophic oil spills) is cause for considerable concern (Meylan et al. 
1995). The loggerhead nesting aggregations in Oman, the southeastern U.S., and Australia account 
for about 88 percent of nesting worldwide (National Marine Fisheries Service and U.S. Fish and 
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Wildlife Service 1991b). About 80 percent ofloggerhead nesting in the southeastern U.S. occurs in 
six Florida counties (Brevard, Indian River, Sl Lucie, Martin, Palm Beach, and Broward Counties) 
(National Marine Fisheries Service and U.S. Fish and Wildlife Service 1991b}. · 

Green Sea Turtle 

About 200 to 1,100 females are estimated to nest on beaches in the continental U.S. In the U.S. 
Pacific, over 90 percent of nesting throughout the Hawaiian archipelago occurs at the French 
Frigate Shoals, where about 200 to 700 females nest each year. Elsewhere in the U.S. Pacific, 
nesting takes place at scattered locations in the Commonwealth of the Northern Marianas, Guam, 
and American Samoa. In the western Pacific, the largest green turtle nesting aggregation in the 
world occurs on Raine Island, Australia, wh~re thousands of females nest nightly in an average 
nesting season. In the Indian Ocean, major nesting beaches occur in Oman where 6,000 to 20,000 
females are reported to nest annually. 

Leatherback Sea Turtle 

Recent estimates of global nesting populations indicate 26,000 to 43,000 nesting females annually 
(Spotila eta/. 1996). The largest nesting populations at present occur in the western Atlantic in 
French Guiana (4,500 to 7,500 females nesting/year) and Colombia (estimated several thousand 
nests annually), and in the western Pacific in West Papua (formerly Irian Jaya) and Indonesia (about 
600 to 650 females nesting/year). In the United States, small nesting populations occur on the 
Florida east coast (35 females/year), Sandy Point, U.S. Virgin Islands (50 to 100 females/year), and 
Puerto Rico (30 to 90 females/year). 
Hawksbill Sea Turtle 

About 15,000 females are estimated to nest each year throughout the world with the Caribbean 
accounting for 20 to 30 percent of the world's hawksbill population. Only five regional populations 
remain with more than 1,000 females nesting annually (Seychelles, Mexico, Indonesia, and two in 
Australia). Mexico is now the most important region for hawksbills in the Caribbean with 3,000 to 
4,500 nests/year. Other significant but smaller populations in the Caribbean still occur in 
Martinique, Jamaica, Guatemala, Nicaragua, Grenada, Dominican Republic, Turks and Caicos 
Islands, Cuba, Puerto Rico, and U.S. Virgin Islands. In the U.S. Caribbean, about 100 to 350 
nests/year are laid on Mona Island, Puerto Rico, and 60 to 120 nests/year on Buck Island Reef 
National Monument, U.S. Virgin Islands. In the U.S. Pacific, hawksbills nest only on main island 
beaches in Hawaii, primarily along the east coast of the island of Hawaii. Hawksbill nesting has 
also been documented in American Samoa and Guam. 

Status and distribution 

Loggerhead Sea Turtle 

Genetic research involving analysis of mitochondrial DNA has identified five different loggerhead 
subpopulations/nesting aggregations in the western North Atlantic: (1) the Northern Subpopulation 
occurring from North Carolina to around Cape Canaveral, Florida (about 29° N.); (2) South Florida 
Subpopulation occurring from about 29°N. on Florida's east coast to Sarasota on Florida's west 
coast; (3) Dry Tortugas, Florida, Subpopulation, (4) Northwest Florida Subpopulation occurring at 
Eglin Air Force Base and the beaches near Panama City; and (5) Yucatan Subpopulation occurring 
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on the eastern Yucatan Peninsula, Mexico (Bowen 1994, 1995; Bowen eta/. 1993; Encalada eta/. 
1998; Pearce 2001). These data indicate that gene flow between these five regions is very low. If 
nesting females are extirpated from one of these regions, regional dispersal will not be sufficient to 
replenish the depleted nesting subpopulation. The Northern Subpopulation bas declined 
substantially since the early 1970s, but most of that decline occurred prior to 1979. No significant 
trend has been detected in recent years (Turtle Expert Working Group 1998, 2000). Adult 
loggerheads of the South Florida Subpopulation have shown significant increases over the last 25 
years, indicating that the population is recovering, although a trend. could not be detected from the 
State of Florida's Index Nesting Beach Survey program from 1989 to 1998. Nesting surveys in the 
Dry Tortugas, Northwest Florida, and Yucatan Subpopulations have been too irregular to date to 
allow for a meaningful trend analysis (Turtle Expert Working Group 1998, 2000). 

Threats include incidental take from channel dredging and commercial trawling, longline, and gill 
net fisheries; loss or degradation of nesting habitat from coastal development and beach armoring; 
disorientation of hatchlings by beachfront lighting; excessive nest predation by native and non
native predators; degradation of foraging habitat; marine pollution and debris; watercraft strikes; 
and disease. There is particular concern about the extensive incidental take of juvenile loggerheads 
in the eastern Atlantic by longline fishing vessels from several countries. 

Green Sea Turtle 

Total population estimates for the green turtle are unavailable, and trends based on nesting data are 
difficult to assess because of large annual fluctuations in numbers of nesting females. For instance, 
in Florida, where the majority of green turtle nesting in the southeastern U.S. occurs, estimates 
range from 200 to 1,1 00 females nesting annually. Populations in Surinam, and Tortuguero, Costa 
Rica, may be stable, but there is insufficient data for other areas to confirm a trend. 

A major factor contributing to the green turtle's decline worldwide is commercial harvest for eggs 
and food. Fibropapillomatosis, a disease of sea turtles characterized by the development of multiple 
tumors on the skin and internal organs, is also a mortality factor and has seriously impacted green 
turtle populations in Florida, Hawaii, and other parts of the world. The tumors interfere with 
swimming, eating, breathing, vision, and reproduction, and turtles with heavy tumor burdens may 
die. Other threats include loss or degradation of nesting habitat from coastal development and 
beach armoring; disorientation of hatchlings by beachfront lighting; excessive nest predation by 
native and non-native predators; degradation of foraging habitat; marine pollution and debris; 
watercraft strikes; and incidental take from channel dredging and commercial fishing operations. 

Leatherback Sea Turtle 

Declines in leatherback nesting have occurred over the last two decades along the Pacific coasts of 
Mexico and Costa Rica. The Mexican leatherback nesting population, once considered to be the 
world's largest leatherback nesting population (65 percent of worldwide population), is now less 
than one percent of its estimated size in 1980. Spotila eta/. (1996) recently estimated the number 
of leatherback sea turtles nesting on 28 beaches throughout the world from the literature and from 
communications with investigators studying those beaches. The estimated worldwide population of 
leatherbacks in 1995 was about 34,500 females on these beaches with a lower limit of about 26,200 
and an upper limit of about 42,900. This is less than one third the 1980 estimate of 115,000. 
Leatherbacks are rare in the Indian Ocean and in very low numbers in the western Pacific Ocean. 
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The largest population is in the western Atlantic. Using an age-based demographic model, Spotila 
et a/. ( 1996) determined that leatherback populations in the Indian Ocean and western Pacific Ocean 
cannot withstand even moderate levels of adult mortality and that even the Atlantic populations are 
being exploited at a rate that cannot be sustained. They concluded that leatherbacks are on the road 
to extinction and further population declines can be expected unless we take action to reduce adult 
mortality and increase survival of eggs and hatchlings. 

The crash of the Pacific leatherback population is believed primarily to be the result of exploitation 
by humans for the eggs and meat, as well as incidental take in numerous commercial fisheries of the 
Pacific. Other factors threatening leather backs globally include loss or degradation of nesting 
habitat from coastal development; disorientation of hatchlings by beachfront lighting; excessive nest 
predation by native and non-native predators; degradation of foraging habitat; marine pollution and 
debris; and watercraft strikes. 

Hawksbill Sea Turtle 

The hawksbill sea turtle has experienced global population declines of 80 percent or more during 
the past century and continued declines is projected (Meylan and Donnelly 1999). Most 
populations are declining, depleted, or remnants of larger aggregations. Hawks bills were previously 
abundant, as evidenced by high-density nesting at a few remaining sites and by trade statistics. The 
decline of this species is primarily due to human exploitation for tortoiseshell. While the legal 
hawksbill shell trade ended when Japan agreed to stop importing shell in 1993, a significant illegal 
trade continues. It is believed that individual hawksbill populations around the world will continue 
to disappear under the current regime of exploitation for eggs, meat, and tortoiseshell, loss of 
nesting and foraging habitat, incidental capture in fishing gear, ingestion of and entanglement in 
marine debris, oil pollution, and boat collisions. Hawksbills are closely associated with coral reefs, 
one of the most endangered of all marine ecosystem types. 

Analysis of the species/critical habitat likely to be affected 

The proposed action has the potential to adversely affect nesting females, nests, and hatchlings 
within the proposed project area. The effects of the proposed action on sea turtles will be 
considered further in the remaining sections of this biological opinion. Potential effects include 
destruction of nests deposited within the boundaries of the proposed project, harassment in the form 
of disturbing or interfering with female turtles attempting to nest within the construction area or on 
adjacent beaches as a result of construction activities, disorientation of hatchling turtles on beaches 
adjacent to the construction area as they emerge from the nest and crawl to the water as a result of 
project lighting, behavior modification of nesting females due to escarpment formation within the 
project area during a nesting season resulting in false crawls or situations where they choose 
marginal or unsuitable nesting areas to deposit eggs. The quality of the placed sand could affect the 
ability of female turtles to nest, the suitability of the nest incubation envirorunent, and the ability of 
hatchlings to emerge from the nest. 

Critical habitat has not been designated in the continental United States; therefore, the proposed 
action would not result in an adverse modification. 
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ENVIRONMENTAL BASELINE 

Status of the species within the action area 

Loggerhead Sea Turtle 

The loggerhead sea turtle nesting and hatching season for Southern Florida Atlantic beaches extends 
from March 15 through November 30. Incubation ranges from about 45 to 95 days. 

The Brevard Mid Reach project area has a significant number of loggerhead nests. For the current 
nesting season (2004-2005) through September 30, 2005, there were 2,643 loggerhead turtle nests 
within the 13 km mid reach area. 

The following graph is from the "Brevard County-Mid-Reach Main Season Monitoring." 
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Green Sea Turtle 

Geographic Distribution of Loggemead Nests on the Mid Reach Beach by Half Kilometer 
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UCF Landmarks 

The green sea turtle nesting and hatching season for Southern Florida Atlantic extends from May I 
through November 30. Incubation ranges from about 45 to 75 days. 

The Brevard Mid Reach project area has a significant number of green turtle nests. For the current 
nesting season (2004-2005) through September 30, 2005, there were 253 green turtle nests. 

The following graph is from "Brevard County-Mid-Reach Main Season Monitoring." 
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Leatherback Sea Turtle 

The leatherback sea turtle nesting and hatching season for Southern Florida Atlantic beaches 
extends from February 15 through November 15. Incubation ranges from about 55 to 75 days. 

The Brevard Mid Reach project area has had a few leatherback nests over the years. However, for 
the current nesting season (2004-2005) through September 30, 2005, there were no leatherback 
nests. 

Hawksbill Sea Turtle 

The hawksbill sea turtle nesting and hatching season for Southern Florida Atlantic beaches extends 
from June 1 through December 31. Incubation lasts about 60 days. 

Hawksbill sea turtle nesting is rare and is restricted to the southeastern coast of Florida (Volusia 
through Dade Counties) and the Florida Keys (Monroe County) (Meylan 1992, Meylan eta/. i 995). 
However, hawks bill tracks are difficult to differentiate from those of loggerheads and may not be 
recognized by surveyors. Therefore, surveys in Florida likely underestimate actual hawksbill 
nesting numbers (Meylan eta/. 1995). In the U.S. Caribbean, hawksbill nesting occurs on beaches 
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throughout Puerto Rico and the U.S. Virgin Islands (National Marine Fisheries Service and U.S. 
Fish and Wildlife Service 1993). 

Factors affecting the species environment within the action area 

EFFECTS OF TilE ACTION 

Factors to be considered 

Placement of sand on an eroded section of beach or an existing beach in and of itself may not 
provide suitable nesting habitat for sea turtles. Although beach nourishment may increase the 
potential nesting area, significant negative impacts to sea turtles may result if protective measures 
are not incorporated during construction. Nourishment during the nesting season, particularly on or 
near high density nesting beaches, can cause increased loss of offspring from human-caused 
mortality and, along with other mortality sources, may significantly impact the long-term survival 
of the species. For instance, projects conducted during the nesting and hatching season could result 
in the loss of sea turtles through disruption of adult nesting activity and by burial or crushing of 
nests or hatchlings. While a nest monitoring and egg relocation program would reduce these 
impacts, nests may be inadvertently missed or misidentified as false crawls during daily patrols. In 
addition, nests may be destroyed by operations at night prior to beach patrols being performed. 
Even under the best of conditions, about 7 percent of the nests can be missed by experienced sea 
turtle surveyors (Schroeder 1994). 

Analyses for effects of the action 

Beneficial Effects 

The placement of sand on a beach with reduced dry fore-dune habitat may increase sea turtle 
nesting habitat if the placed sand is highly compatible (i.e., grain size~ shape, color, etc.) with 
naturally occurring beach sediments in the area, and compaction and escarpment remediation 
measures are incorporated into the project. In addition, a nourished beach that is designed and 
constructed to mimic a natural beach system may be more stable than the eroding one it replaces, 
thereby benefiting sea turtles. 

Direct Effects 

Placement of s~d on a beach in and of itself may not provide suitable nesting habitat for sea turtles. 
Although beach nourishment may increase the potential nesting area, significant negative impacts to 
sea turtles may result if protective measures are not incorporated during project construction. 
Nourishment during the nesting season, particularly on or near high density nesting beaches, can 
cause increased loss of eggs and hatchlings and, along with other mortality sources, may 
significantly impact the long-term survival of the species. For instance, projects conducted during 
the nesting and hatching season could result in the loss of sea turtles through disruption of adult 
nesting activity and by burial or crushing of nests or hatchlings. While a nest monitoring and egg 
relocation program would reduce these impacts, nests may be inadvertently missed (when crawls 
are obscured by rainfall, wind, and/or tides) or misidentified as false crawls during daily patrols. In 
addition, nests may be destroyed by operations at night prior to beach patrols being performed. 
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Even under the best of conditions, about 7 percent of the nests can be misidentified as false crawls 
by experienced sea turtle nest surveyors (Schroeder 1994). 

1. Nest relocation 
Besides the potential for missing nests during a nest relocation program, there is a potential for eggs 
to be damaged by their movement, particularly if eggs are not relocated within 12 hours of 
deposition (Limpus eta/. 1979). Nest relocation can have adverse impacts on incubation 
temperature (and hence sex ratios), gas exchange parameters, hydric environment of nests, hatching 
success, and hatchling emergence (Limpus eta/. 1979, Ackerman 1980, Pannenter 1980, Spotila et 
a/. 1983, McGehee 1990). Relocating nests into sands deficient in oxygen or moisture can result in 
mortality, morbidity, and reduced behavioral competence of hatchlings. Water availability is 
known to influence the incubation environment of the embryos and hatchlings of turtles with 
flexible-shelled eggs, which has been shown to affect nitrogen excretion (Packard eta/. 1984), 
mobilization of calcium (Packard and Packard 1986), mobilization of yolk nutrients (Packard et a/. 
1985), hatchling size (Packard et a/. 1981, McGehee 1990), energy reserves in the yolk at hatching 
(Packard eta/. 1988), and locomotory ability of hatchlings (Miller eta/. 1987). 

Comparisons of hatching success between relocated and in situ nests have noted significant 
variation rangjng from a 21 percent decrease to a 9 percent increase for relocated nests (Florida Fish 
and Wildlife Conservation Commission. unpublished data). Comparisons of emergence success 
between relocated and in situ nests have also noted significant variation ranging from a 23 percent 
decrease to a 5 percent increase for relocated nests (Florida Fish and Wildlife Conservation 
Commission, unpublished data). A 1994 study of hatching and emergence success of in situ and 
relocated nests at seven sites in Florida found that hatching success was lower for relocated nests in 
five of seven cases with an average decrease for all seven sites of 5.01 percent (range= 7.19 percent 
increase to 16.31 percent decrease). Emergence success was lower for relocated nests in all seven 
cases by an average of 11.67 percent (range= 3.6 to 23.36 percent) (Meylan 1995). 

2. Equipment 
The placement of pipelines and the use ofheavy machinery on the beach during a construction 
project may also have adverse effects on sea turtles. They can create barriers to nesting females 
emerging from the surf and crawling up the beach, causing a higher incidence of false crawls and 
unnecessary energy expenditure. 

3. Artificial lighting 
Visual cues are the primary sea-finding mechanism for hatchling sea turtles (Mrosovsky and Carr 
1967, Mrosovsky and Shettleworth 1968, Dickerson and Nelson 1989, Witherington and Bjomdal 
1991 ). When artificial lighting is present on or near the beach, it can misdirect hatchlings once they 
emerge from their nests and prevent them from reaching the ocean (Philibosian 1976; Mann 1977; 
Florida Fish and Wildlife Conservation Commission, unpublished data). In addition, a significant 
reduction in sea turtle nesting activity has been documented on beaches illuminated with artificial 
lights (Witherington 1992). Therefore, construction lights along a project beach and on the 
dredging vessel may deter females from coming ashore to nest, misdirect females trying to return to 
the surf after a nesting event, and misdirect emergent hatchlings from adjacent non-project beaches. 
Any source of bright lighting can profoundly affect the orientation of hatchlings, both during the 
crawl from the beach to the ocean and once they begin swirruning offshore. Hatchlings attracted to 
light sources on dredging barges may not only suffer from interference in migration, but may also 
experience higher probabilities of predation to predatory fishes that are also attracted to the barge 
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lights. This impact could be reduced by using the minimum amount of light necessary (may require 
shielding) or low pressure sodium lighting during project construction. 

Indirect Effects 

Many of the direct effects of beach nourishment may persist over time and become indirect impacts. 
These indirect effects include increased susceptibility of relocated nests to catastrophic events, the 
consequences of potential increased beachfront development, changes in the physical characteristics 
of the beach, the formation of escarpments, and future sand migration. 

1. Increased susceptibility to catastrophic events 
Nest relocation may concentrate eggs in an area making them more susceptible to catastrophic 
events. Hatchlings released from concentrated areas also may be subject to greater predation rates 
from both land and marine predators, because the predators learn where to concentrate their efforts 
(Glenn 1998, Wyneken eta/. 1998). 

2. Increased beachfront development 
PiJkey and Dixon (1996) state that beach replenishment frequently leads to more development in 
greater density within shorefront communities that are then left with a future of further 
replenishment or more drastic stabilization measures. Dean ( 1999) also notes that the very 
existence of a beach nourishment project can encourage more development in coastal areas. 
Following completion of a beach nourishment project in Miami during 1982, investment in new and 
updated facilities substantially increased tourism there (National Research Council 1995). 
Increased building density immediately adjacent to the beach often resulted as older buildings were 
replaced by much larger ones that accommodated more beach users. Overall, shoreline 
management creates an upward spiral of initial protective measures resulting in more expensive 
development which leads to the need for more and larger protective measures. Increased shoreline 
development may adversely affect sea turtle nesting success. Greater development may support 
larger populations of mammalian predators, such as foxes and raccoons, than undeveloped areas 
(National Research Council 1990a), and can also result in greater adverse effects due to artificial 
lighting, as discussed above. 

3. Changes in the physical environment 
Beach nourishment may result in changes in sand density (compaction), beach shear resistance 
(hardness), beach moisture content, beach slope, sand color, sand grain size, sand grain shape, and 
sand grain mineral content if the placed sand is dissimilar from the original beach sand (Nelson and 
Dickerson 1988a). These changes could result in adverse impacts on nest site selection, digging 
behavior, clutch viability, and emergence by hatchlings (Nelson and Dickerson 1987, Nelson 1988). 

Beach compaction and unnatural beach profiles that may result from beach nourishment activities 
could negatively impact sea turtles regardless of the timing of projects. Very fine sand and/or the 
use of heavy machinery can cause sand compaction on nowished beaches (Nelson et a/. 1987, 
Nelson and Dickerson 1988a). Significant reductions in nesting success (i.e., false crawls occurred 
more frequently) have been documented on severely compacted nourished beaches (Fletemeyer 
1980, Raymond 1984, Nelson and Dickerson 1987, Nelson eta/. 1987), and increased false crawls 
may result in increased physiological stress to nesting females. Sand compaction may increase the 
length of time required for female sea turtles to excavate nests and also cause increased 
physiological stress to the animals (Nelson and Dickerson 1988c). Nelson and Dickerson (1988b) 
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concluded that, in general, beaches nourished from offshore borrow sites are harder than natural 
beaches, and while some may soften over time through erosion and accretion of sand, others may 
remain hard for 1 0 years or more. 

These impacts can be minimized by using suitable sand and by tilling compacted sand after project 
completion. The level of compaction of a beach can be assessed by measuring sand compaction 
using a cone penetrometer (Nelson 1987). Tilling of a nourished beach with a root rake may reduce 
the sand compaction to levels comparable to unnourished beaches. However, a pilot study by 
Nelson and Dickerson (1988c) showed that a tilled nourished beach will remain uncompacted for up 
to 1 year. Therefore, the Service requires multi-year beach compaction monitoring and, if 
necessary, tilling to ensure that project impacts on sea turtles are minimized. 

A change in sediment color on a beach could change the natural incubation temperatures of nests in 
an area, which, in tum, could alter natural sex ratios. To provide the most suitable sediment for 
nesting sea turtles, the color of the nourished sediments must resemble the natural beach sand in the 
area. Natural reworking of sediments and bleaching from exposure to the sun would help to lighten 
dark nourishment sediments; however, the timeframe for sediment mixing and bleaching to occur 
could be critical to a successful sea turtle nesting season. 

4. Escarpment formation 
On nourished beaches, steep escarpments may develop along their water line interface as they adjust 
from an unnatural construction profile to a more natural beach profile (Coastal Engineering 
Research Center 1984, Nelson eta/. 1987). These escarpments can hamper or prevent access to 
nesting sites (Nelson and Blihovde 1998). Researchers have shown that female turtles coming 
ashore to nest can be discouraged by the formation of an escarpment, leading to situations where 
they choose marginal or unsuitable nesting areas to deposit eggs (e.g., in front of the escarpments, 
which often results in failure of nests due to prolonged tidal inundation). This impact can be 
ritinimized by leveling any escarpments prior to the n~sting season. 

5. Erosion 
Future sand displacement on nesting beaches is a potential effect of the nourishment project. 
Dredging of sand offshore from a project area has the potential to cause erosion of the newly 
created beach or other areas on the same or adjacent beaches by creating a sand sink. The 
remainder of the system responds to this sand sink by providing sand from the beach to attempt to 
reestablish equilibrium (National Research Council 1990b ). 

Species' response to a proposed action 

Ernest and Martin (1999) conducted a comprehensive study to assess the effects of beach 
nourishment on loggerhead sea turtle nesting and reproductive success. The following findings 
illustrate sea turtle responses to and recovery from a nourishment project. A significantly larger 
proportion of turtles emerging on nourished beaches abandoned their nesting attempts than turtles 
emerging on Control or pre-nourished beaches. This reduction in nesting success was most 
pronounced during the first year following project construction and is most likely the result of 
changes in physical beach characteristics associated with the nourishment project (e.g., beach 
profile, sediment grain size, beach compaction, frequency and extent of escarpments). During the 
first post-construction year, the time required for turtles to excavate an egg chamber on the untilled, 
hard-packed sands of one treatment area increased significantly relative to Control and background 
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conditions. However, in another treatment area, tilling was effective in reducing sediment 
compaction to levels that did not significantly prolong digging times. As natural processes reduced 
compaction levels on nourished beaches during the second post-construction year, digging times 
returned to background levels. 

During the first post-construction year, nests on the nourished beaches were deposited significantly 
farther from both the toe of the dune and the tide line than nests on Control beaches. Furthermore, 
nests were distributed throughout all available habitat and were not clustered near the dune as they 
were in the Control. As the width of nourished beaches decreased during the second year, among
treatment differences in nest placement diminished. More nests were washed out on the wide, flat 
beaches of the nourished treatments than on the narrower steeply sloped beaches of the Control. 
This phenomenon persisted through the second post-construction year monitoring and resulted from 
the placement of nests near the seaward edge of the beach berm where dramatic profile changes, 
caused by erosion and scarping, occurred as the beach equilibrated to a more natural contour. 

As with other beach nourishment projects, Ernest and Martin (1999) found that the principal effect 
of nourishment on sea turtle reproduction was a reduction in nesting success during the first year 
following project construction. Although most studies have attributed this phenomenon to an 
increase in beach compaction and escarpment formation, Ernest and Martin indicate that changes in 
beach profile may be more important. Regardless, as a nourished beach is reworked by natural 
processes in subsequent years and adjusts from an unnatural construction profile to a more natural 
beach profile, beach compaction and the frequency of escarpment formation decline, and nesting 
and nesting success return to levels found on natural beaches. 

CUMULATIVE EFFECTS 

Cumulative effects include the effects of future State, tribal, local, or private actions that are 
reasonably certain to occur in the action area considered in this biological opinion. Future Federal 
actions that are unrelated to the proposed action are not considered in this section because they 
require separate consultation pursuant to section 7 of the Act. The Service is not aware of any 
cumulative effects in the project area. 

CONCLUSION 

After reviewing the current status of the loggerhead, green, hawks bill, and leatherback turtle, the 
environmental baseline for the action area, the effects of the proposed beach nourishment, and the 
cumulative effects, it is the Service's biological opinion that the beach nourishment project, as 
proposed, is not likely to jeopardize the continued existence of the loggerhead, green, hawksbill, 
and leatherback turtle, and is not likely to destroy or adversely modify designated critical habitat. 
No critical habitat has been designated for the loggerhead, green, hawksbill, and leatherback turtle, 
in the continental United States; therefore, none will be affected. 

The proposed project will affect only 7.6 miles of the approximately 1,400 miles of available sea 
turtle nesting habitat in the southeastern U.S. Research has shown that the principal effect of beach 
nourislunent on sea turtle reproduction is a reduction in nesting success, and this reduction is most 
often limited to the first year following project construction. Research has also shown that the 
impacts of a nourishment project on sea turtle nesting habitat are typically short-term because a 
nourished beach will be reworked by natural processes in subsequent years, and beach compaction 
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and the frequency of escarpment formation will decline. Although a variety of factors, including 
some that cannot be controlled, can influence how a nourislunent project will perform from an 
engineering perspective, measures can be implemented to minimize impacts to sea turtles. 

INCIDENTAL TAKE STATEMENT 

Section 9 of the Act and Federal regulation pursuant to section 4(d) of the Act prohibit the take of 
endangered or threatened species, respectively, without special exemption. Take is defmed as to 
harass, harm, pursue, hunt, shoot, wound, kill, trap, capture or collect, or to attempt to engage in any 
such conduct. Harm is further defined by the Service to include significant habitat modification or 
degradation that results in death or injury to listed species by significantly impairing essential 
behavioral patterns, including breeding, feeding, or sheltering. Harass is defined by the Service as 
intentional or negligent actions that create the likelihood of injury to listed species to such an extent 
as to significantly disrupt normal behavior patterns which include, but are not limited to, breeding, 
feeding, or sheltering. Incidental take is defined as take that is incidental to, and not the purpose of, 
carrying out an otherwise lawful activity. Under the terms of section 7(b )( 4) and section 7( o )(2), 
taking that is incidental to and not intended as part of the agency action is not considered to be 
prohibited under the Act provided that such taking is in compliance with the terms and conditions of 
this incidental take statement. 

The measures described below are non-discretionary, and must be implemented by the CORPS so 
that they become binding conditions of any grant or permit issued to the applicant, as appropriate, 
for the exemption in section 7(o)(2) to apply. The CORPS has a continuing duty to regulate the 
activity covered by this incidental take statement. If the CORPS (1) fails to assume and implement 
the terms and conditions or (2) fails to require the applicant to adhere to the terms and conditions of 
the incidental take statement through enforceable terms that are added to the permit or grant 
document, the protective coverage of section 7( o )(2) may lapse. In order to monitor the impact of 
incidental take, the CORPS must report the progress of the action and its impacts on the species to 
the Service as specified in the incidental take statement [50 CFR §402.14(i)(3)]. 

AMOUNT OR EXTENT OFT AKE 

The Service anticipates 7.6 miles of nesting beach habitat could be taken as a result of this proposed 
action. The take is expected to be in the form of: (1) destruction of all nests that may be 
constructed and eggs that may be deposited from March 1 through April30 and from September 1 
through September 30 and missed by a nest survey and egg relocation program within the 
boundaries of the proposed project; (2) destruction of all nests deposited from October 1 through 
February 28 (or 29 as applicable) when a nest survey and egg relocation program is not required to 
be in place within the boundaries of the proposed project; (3) reduced hatching success due to egg 
mortality during relocation and adverse conditions at the relocation site; (4) harassment in the form 
of disturbing or interfering with female turtles attempting to nest within the construction area or on 
adjacent beaches as a result of construction activities; (5) misdirection of hatchling turtles on 
beaches adjacent to the construction area as they emerge from the nest and crawl to the water as a 
result of project lighting; ( 6) behavior modification of nesting females due to escarpment formation 
within the project area during a nesting season, resulting in false crawls or situations where they 
choose marginal or unsuitable nesting areas to deposit eggs; and (7) destruction of nests from 
escarpment leveling within a nesting season when such leveling has been approved by the Fish and 
Wildlife Service. 
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Incidental take is anticipated for only the 7.6 miles of beach that has been identified for sand 
placement. The Service anticipates incidental take of sea turtles will be difficult to detect for the 
following reasons: (I) the turtles nest primarily at night and all nests are not found because [a] 
natural factors, such as rainfall, wind, and tides may obscure crawls and [b] human-caused factors, 
such as pedestrian and vehicular traffic, may obscure crawls, and result in nests being destroyed 
because they were missed during a nesting survey and egg relocation program; (2) the total number 
of hatchlings per undiscovered nest is unknown; (3) the reduction in percent hatching and emerging 
success per relocated nest over the natural nest site is unknown; (4) an unknown number of females 
may avoid the project beach and be forced to nest in a less than optimal area; (5) lights may 
misdirect an unknown number of hatchlings and cause death; and ( 6) escarpments may form and 
cause an unknown number of females from accessing a suitable nesting site. However, the level of 
take of these species can be anticipated by the disturbance and renourishment of suitable turtle 
nesting beach habitat because: (1) turtles nest within the project site; (2) beach renourishment will 
likely occur during a portion of the nesting season; (3) the renourishment project will modify the 
incubation substrate, beach slope, and sand compaction; and (4) artificial lighting will deter and/or 
misdirect nesting females and hatchlings. 

EFFECT OF THE TAKE 

In the accompanying biological opinion, the Service determined that this level of anticipated take is 
not likely to result in jeopardy to the species. Critical habitat has not been designated in the project 
area; therefore, the project will not result in destruction or adverse modification of critical habitat. 

REASONABLE AND PRUDENT MEASURES 

The Service believes the following reasonable and prudent measures are necessary and appropriate 
to minimize take of loggerhead, green, hawksbill, and leatherback sea turtles. 

1. Beach quality sand suitable for sea turtle nesting, successful incubation, and hatchling 
emergence must be used on the project site. 

2. Beach nourishment activities must not occur from May 1 through October 31, the period of 
peak sea turtle egg laying and egg hatching, to reduce the possibility of sea turtle nest burial or 
crushing of eggs. 

3. If the beach nourishment project will be conducted during the period from March 1 through 
April 30, surveys for early nesting sea turtles must be conducted. If nests are constructed in the 
area of beach nourishment, the eggs must be relocated. 

4. If the beach nourishment project will be conducted during the period from November l 
through November 30, surveys for late nesting sea turtles must be conducted. If nests are 
constructed in· the area of beach nourishment, the eggs must be relocated. 

5. Inunediately after completion of the beach nourishment project and prior to the next three 
nesting seasons, beach compaction must be monitored and tilling must be conducted as required 
by March 1 to reduce the likelihood of impacting sea turtle nesting and hatching activities. The 
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March 1 deadline is required to reduce impacts to leatherbacks that nest in greater frequency 
along the South Atlantic coast of Florida than elsewhere in the continental United States. 

6. Immediately after completion of the beach nourishment project and prior to the next three 
nesting seasons, monitoring must be conducted to determine if escarpments are present and 
escarpments must be leveled as required to reduce the likelihood of impacting sea turtle nesting 
and hatching activities. 

7. The applicant must ensure that contractors doing the beach nourishment work fully 
understand the sea turtle protection measures detailed in this incidental take statement. 

8. During the early and late portions of the nesting season, construction equipment and pipes 
must be stored in a manner that will minimize impacts to sea turtles to the maximum extent 
practicable. 

9. During the early and late portions of the nesting season, lighting associated with the project 
must be minimized to reduce the possibility of disrupting and misdirecting nesting and/or 
hatchling sea turtles. 

TERMS AND CONDITIONS 

In order to be exempt from the prohibitions of section 9 of the Act, the CORPS must comply with 
the following terms and conditions, which implement the reasonable and prudent measures, 
described above and outline required reporting/monitoring requirements. These terms and 
conditions are non-discretionary. 

1. All fill material placed must be sand that is similar to a native beach in the vicinity of the site 
that has not been affected by prior renourishment activities. The fill material must be similar in 
both coloration and grain size distribution to the native beach. All such fill material must be 
free of construction debris, rocks, or other foreign matter and must not contain, on average, 
greater than 10 percent fines (i.e., s ilt and clay) (passing the #200 sieve) and must not contain, 
on average, greater than 5 percent coarse gravel or cobbles, exclusive of shell material (retained 
by the #4 sieve). 

2. Beach nourishment must be started after October 31 and be completed before May I. During 
the May 1 through October 31 period, no construction equipment or pipes will be stored on the 
beach. 

3. If the beach nourishment project will be conducted during the period from March 1 through 
April 30, daily early morning surveys for sea turtle nests must be conducted from March 1 
through April 30 or until completion of the project (whichever is earliest), and eggs must be 
relocated per the following requirements. 

3a. Nesting surveys and egg relocations will only be conducted by personnel with prior 
experience and training in nesting survey and egg relocation procedures. Surveyors must 
have a valid Florida Fish and Wildlife Conservation Commission permit. Nesting surveys 
must be conducted daily between sunrise and 9 a.m. Surveys must be performed in such a 
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manner so as to ensure that construction activity does not occur in any location prior to 
completion of the necessary sea turtle protection measures. 

3b. Only those nests that may be affected by construction activities will be relocated. Nests 
requiring relocation must be moved no later than 9 a.m. the morning following deposition to 
a nearby self-release beach site in a secure setting where artificial lighting will not interfere 
with hatchling orientation. Nest relocations in association with construction activities must 
cease when construction activities no longer threaten nests. Nests deposited within areas 
where construction activities have ceased or will not occur for 65 days must be marked and 
left in place unless other factors threaten the success of the nest. Any nests left in the active 
construction zone must be clearly marked, a.p.Q_all mechanical equiprn.e~t must avoid nests 
by at least 10 feet. 

4. If the beach nourishment project will be conducted during the period from November 1 
through November 30, daily early morning sea turtle nesting surveys must be conducted 65 days 
prior to project initiation and continue through September 30, and eggs must be relocated per 
the preceding requirements. 

5. Inunediately after completion of the beach nourishment project and prior to March 1 for 3 
subsequent years, sand compaction must be monitored in the area of restoration in accordance 
with a protocol agreed to by the Service, the State regulatory agency, and the applicant. At a 
minimum, the protocol provided under Sa and 5b below must be followed. If required, the area 
must be tilled to a depth of36 inches. All tilling activity must be completed prior to March 1. 
An annual summary of compaction surveys and the actions taken must be submitted to the 
Service. (NOTE: The requirement for compaction monitoring can be eliminated if the decision 
is made to till regardless of post-construction compaction levels. Also, out-year compaction 
monitoring and remediation are not required if placed material no longer remains on the beach.) 

Sa. Compaction sampling stations must be located at SOO-foot intervals along the project 
area. One station must be at the seaward edge of the dune/bulkhead line (when material is 
placed in this area), and one station must be midway between the dune line and the high 
water line (normal wrack line). 

At each station, the cone penetrometer will be pushed to a depth of 6, 12, and 18 inches 
three times (three replicates). Material may be removed from the hole if necessary to ensure 
accurate readings of successive levels of sediment. The penetrometer may need to be reset 
between pushes, especially if sediment layering exists. Layers of highly compact material 
may lay over less compact layers. Replicates will be located as close to each other as 
possible, without interacting with the previous hole and/or disturbed sediments. The three 
replicate compaction values for each depth will be averaged to produce final values for each 
depth at each station. Reports will include all 18 values for each transect line, and the final 
6 averaged compaction values. 

Sb. If the average value for any depth exceeds SOO pounds per square inch (psi) for any two 
or more adjacent stations, then that area must be tilled prior to March 1. If values exceeding 
500 psi are distributed throughout the project area but in no case do those values exist at two 
adjacent stations at the same depth, then consultation with the Fish and Wildlife Service will 
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be required to detennine if tilling is required. If a few values exceeding 500 psi are present 
randomly within the project area, tilling will not be required. 

6. Visual surveys for escarpments along the project area must be made immediately after 
completion of the beach nourishment project and prior to March 1 for 3 subsequent years. 
Escarpments that interfere with sea turtle nesting or that exceed 18 inches in height for a 
distance of 100 feet must be leveled to the natural beach contour by March 1. If the project is 
completed during the early part of the sea turtle nesting and hatching season (March 1 through 
April 30), escarpments may be required to be leveled immediately, while protecting nests that 
have been relocated or left in place. The Service must be contacted immediately if subsequent 
refonnation of escarpments that interfere with sea turtle nesting or that exceed 18 inches in 
height for a distance of 1 00 feet occurs during the nesting and hatching season to detennine the 
appropriate action to be taken. If it is detennined that escarpment leveling is required during the 
nesting or hatching season, the Service will provide a brief written authorization that describes 
methods to be used to reduce the likelihood of impacting existing nests. An annual sununary of 
escarpment surveys and actions taken must be submitted to the Service. (NOTE: Out-year 
escarpment monitoring and remediation are not required if placed material no longer remains on 
the dry beach.) 

7. The applicant must arrange a meeting between representatives of the contractor, the Service, 
the Florida Fish and Wildlife Conservation Commission, and the permitted person responsible 
for egg relocation at least 30 days prior to the commencement of work on this project. At least 
10 days advance notice must be provided prior to conducting this meeting. This will provide an 
opportunity for explanation and/or clarification of the sea turtle protection measures. 

8. From March 1 through April 30 and November 1 through November 30, staging areas for 
construction equipment must be located off the beach to the maximum extent practicable. 
Nighttime storage of construction equipment not in use must be off the beach to minimize 
disturbance to sea turtle nesting and hatching activities. In addition, all construction pipes that 
are placed on the beach must be located as far landward as possible without compromising the 
integrity of the existing or reconstructed dune system. Temporary storage of pipes must be off 
the beach to the maximum extent possible. Temporary storage of pipes on the beach must be in 
such a manner so as to impact the least amount of nesting habitat and must likewise not 
compromise the integrity of the dune systems (placement of pipes perpendicular to the shoreline 
is recommended as the method of storage). 

9. From March l through April 30 and November 1 through November 30, direct lighting of 
the beach and near shore waters must be limited to the immediate construction area and must 
comply with safety requirements. Lighting on offshore or onshore equipment must be 
minimized through reduction, shielding, lowering, and appropriate placement to avoid excessive 
illumination of the waters surface and nesting beach while meeting all Coast Guard, EM 385-1 -
1, and OSHA requirements. Light intensity of lighting plants must be reduced to the minimum 
standard required by OSHA for General Construction areas, in order not to misdirect sea turtles. 
Shields must be affixed to the light housing and be large enough to block light from all lamps 
from being transmitted outside the construction area (see diagram below). 
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10. A report describing the actions taken to implement the terms and conditions of this 
incidental take statement must be submitted to the Jacksonville Field Office within 60 days of 
completion of the proposed work for each year when the activity has occurred. This report will 
include the dates of actual construction activities, names and qualifications of personnel 
involved in nest surveys and relocation activities, descriptions and locations of self-release 
beach sites, nest survey and relocation results, and hatching success of nests. 

11. In the event a sea turtle nest is excavated during construction activities, the permitted 
person responsible for egg relocation for the project must be notified so the eggs can be moved 
to a suitable relocation site. 

12. Upon locating a sea turtle adult, hatchling, or egg harmed or destroyed as a direct or indirect 
result of the project, notification must be made to the Florida Fish and Wildlife Conservatio.n 
Commission at l -888-404-3922 and Jacksonville Field Office at (904) 232-2580. Care should 
be taken in handling injured turtles or eggs to ensure effective treatment or disposition, and in 
handling dead specimens to preserve biological materials in the best possible state for later 
analysis. 

The Service believes that incidental take will be limited to the 7.6 miles of beach that have been 
identified for sand placement. The reasonable and prudent measures, with their implementing terms 
and conditions, are designed to minimize the impact of incidental take that might otherwise result 
from the proposed action. The Service believes that no more than the following types of incidental 
take will result from the proposed action: (1) destruction of all nests that may be constructed and 
eggs that may be deposited and missed by a nest survey and egg relocation program within the 
boundaries of the proposed project; (2) destruction of all nests deposited during the period when a 
nest survey and egg relocation program is not required to be in place within the boundaries of the 
proposed project; (3) reduced hatching success due to egg mortality during relocation and adverse 
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conditions at the relocation site; ( 4) harassment in the form of disturbing or interfering with female 
turtles attempting to nest within the construction area or on adjacent beaches as a result of 
construction activities; (5) disorientation of hatchling turtles on beaches adjacent to the construction 
area as they emerge from the nest and crawl to the water as a result of project lighting; (6) behavior 
modification of nesting females due to escarpment formation within the project area during a 
nesting season, resulting in false crawls or situations where they choose marginal or unsuitable 
nesting areas to deposit eggs; and (7) destruction of nests from escarpment leveling within a nesting 
season when such leveling has been approved by the Fish and Wildlife Service. The amount or 
extent of incidental take for sea turtles will be considered exceeded if the project results in more 
than a one-time placement of sand on the 7.6 miles of beach that have been identifiect for sand 
placement. If, during the course of the action, this level of incidental take is exceeded, such 
incidental take represents new information requiring reinitiation of consultation and review of the 
reasonable and prudent measures provided. The CORPS must immediately provide an explanation 
of the causes of the taking and review with the Service the need for possible modification of the 
reasonable and prudent measures. 

CONSERVATION RECOMMENDATIONS 

Section 7(a) (1) of the Act directs Federal agencies to utilize their authorities to further the purposes 
of the Act by carrying out conservation programs for the benefit of endangered and threatened 
species. Conservation recommendations are discretionary agency activities to minimize or avoid 
adverse effects of a proposed action on listed species or critical habitat, to help implement recovery 
plans, or to develop information. 

I . Sebellarid worm rock reef monitoring in the mid reach area should be conducted for three years. 
Details for monitoring the reef will follow on a separate cover. 

2. Appropriate native salt-resistant dune vegetation should be established on the restored dunes. 
The Florida Department of Environmental Protection, Bureau of Beaches and Wetland Resources, 
can provide technical assistance on the specifications for design and implementation. 

3. Surveys for nesting success of sea turtles should be continued for a minimum of 3 years 
following beach nourishment to determine whether sea turtle nesting success has been adversely 
impacted. 

4. Educational signs should be placed where appropriate at beach access points explaining the 
importance of the area to sea turtles and/or the life history of sea turtle species that nest in the area. 

In order for the Service to be kept informed of actions minimizing or avoiding adverse effects or 
benefiting listed species or their habitats, the Service requests notification of the implementation of 
any conservation recommendations. 

REINITIATION - CLOSING STATEMENT 

This concludes formal consultation on the action outlined in the request. As provided in 50 CFR 
§402.16, reinitiation of formal consultation is required where discretionary Federal agency 
involvement or control over the action has been retained (or is authorized by law) and if: (I) the 
amount or extent of incidental take is exceeded; (2) new information reveals effects of the agency 

22 



action that may affect listed species or critical habitat in a manner or to an extent not considered in 
this opinion; (3) the agency action is subsequently modified in a manner that causes an effect to the 
listed species or critical habitat not considered in this opinion; or (4) a new species is listed or 
critical habitat designated that may be affected by the action. In instances where the amount or 
extent of incidental take is exceeded, any operations causing such take must cease pending 
reinitiation. 

If you have any questions regarding this biological opinion, please contact Ann Marie Maharaj of 
this office at (904) 232-2580 ext 111. 

/_ / David L. Hankla 
U Field Supervisor 
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Fish and Wildlife Resources 

We submit the following comments in accordance with the Fish and Wildlife Coordination Act (48 
Stat. 401, as amended; 16 U.S.C. 661 et seq.) 

In addition to sea turtles, the beaches of Brevard County support an active shorebird nesting, 
roosting, and/or feeding habitat. The bird species that may occur within the project area include the 
Federally listed Piping plover (Charadrius me/odus), also State-listed, Snowy plover (Charadrius 
alexandrinus), Least tern (Sterna antillarum}, and Roseate tern (Sterna douga/li dougalliz"}, also 
State-listed, The species of special concern that may occur within the project area include the 
American oystercatcher (Haematopus palliates), Brown pelican (Pelecanus occientalis}, and the 
Black Skimmer (Rynchops niger). 

The Service recommends that the applicant implement the following measures to avoid potential 
impacts to shorebirds and their nesting colony by: 
( 1) Ensuring that construction activity or storage of equipment will not occur on the beach north of 
the project area. 
(2) Implementing a 300-foot buffer zone around any locations within the project area where 
shorebirds have been engaged in courtship or nesting behavior. 
(3) Increasing the buffer zone size in the event that the shorebirds continue to demonstrate agitated 
behavior as a result of construction activities. 
( 4) Posting shorebird nesting sites per Florida Fi~h and Wildlife Conservation Commission (FWC) 
specifications. 

In addition, the DEP permit indicates that daily shorebird surveys by authorized persmmel will be 
conducted from April I through September 1 (or 45 days prior to construction) during the year of 
construction and for one nesting season post-construction. The surveys will be conducted by 
trained individuals using approved ecological survey procedures (e. g., the U.S. Geological 
Survey's Breeding Season Population Census Techniques for Seabirds and Colonial Waterbirds 
throughout North America. 

The nearshore rock outcrops along the Mid-Reach are principally composed of tabular lithifed 
coquina (limestone) ledges. The ledges typically exhibit a slight landward strike upward toward the 
beach; i.e., a slight upward inclination of the landward edge. The physical relief and density of the 
rock varies significantly along the 8.6+ miles of shoreline where the rock occurs, decreasing in 
extent and physical complexity toward the south. 

A swnmary of the biological aspects of the rock hardground presented in the Service, Coordination 
Act Report (USFWS, 1995). The Service stated that the coquina rock outcrops and scattered live 
worm rock reef"is important for two reasons: (1) it supports a stable and complex community of 
species [from amphipods to crustaceans to fish, and macroalgae], and (2) functions as an offshore 
breakwater and sediment trap for suspended sediments which may act to prograde beaches." 
The rock is exposed as both singular, isolated outcrops and large tabular ledges, where the latter are 
generally fractured, pitted, uplifted or otherwise irregular. The vertical relief typically varies from 
0" (flush with the sand seabed) to 18", with some instances ofup to 30" relief. Some of the rock 
surfaces feature patchy or dense algae, others are barren. 
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The nearshore rock occurs in a narrow band immediately along and below the low tide shoreline at 
seabed depths of about+ 1 to -3 ft mean low water (about -1 to -5 ft ngvd). The rock extends up to 
about 280 feet from the mean low water shoreline along the northern Mid-Reach, and generally 
extends Jess than about 120 feet from the mean low water shoreline along the southern Mid-Reach. 
Sabellariid worm rock develops as scattered mounds atop the coquina rock outcrops. 1bis rock is 
created by colonies of the tube-building polychaete (Phragmatopoma /apidosa). These worms 
thrive in the turbid warm waters of the surf zone, catching and filtering sand and secreting it to form 
the tubes in which they live. Along the Mid-Reach, some worm colonies are exposed at low tide 
while some mounds remain always submerged. The wonn colony abundance is highly variable. 
Storm waves are known to dislodge and almost completely eradicate the worm colonies in this area. 
The worm colonies re-develop in subsequent years, particularly in warmer summer months and 
apparently in similar locations and abundance as in pre-storm conditions. 

According to the Continental Shelf Associates, Inc. (CSA, 1990) report, the presence of nearshore 
rock outcrops, including sabellariid worm rock, is between R59 and Rll5, with the principal 
outcrops between R78 and R93. The outcrops between R78 and R93 were said to be well-defined 
ledges with 2 to 3 ft of vertical relief and Cau/erpa proliftra (algae). Rock outcropping between 
R94 and RllO was said to exhibit lower vertical reliefbut was still well developed. 

Nearshore rock density is greatest at the north end of the Mid Reach and decreases significantly 
from north to south. The nearshore hard bottom is mostly low-relief coquina rock ledges that are 
intermittently exposed above the sand along and below the low-tide shoreline in water depths of 0 
to 4 feet (low tide). This project proposes to impact 10 acres of hard bottom. The rock that may 
potentially offer "higher-value" habitat is estimated as about half of the total acreage, and is 
distributed alongshore similarly to that of the total. Areas containing some level of probable 
sabellarriid "worm rock" totaled about 1.6 to 2.5 acres, or 2.6% to 4.1% of the total rock acreage 
(mostly between R-85 and R-92, and between R-96 and R-101). The abundance of rock decreases 
significantly from north to south along the Mid Reach. The highest concentration of rock occurs 
along the northern 1.1-miles of the Mid-Reach (R74-R82), which includes about 45% of the total 
60.8-acre estimate. The northern 4.1-miles of the Mid Reach comprise about 75% of the total rock 
acreage. 

At the proposed nearshore project area, strict in-kind mitigation of the rock resources cannot be 
feasibly constructed. The proposed mitigation consists of Near-kind mitigation, consisting of rock
reef structures, placed in depths greater than about 17 to 20 ft (mlw). An engineered mattress 
foundation would be required. 

The Service recommends avoiding impacts to the hard bottom between R-Monument 75.4 toR
Monument 99 by nourishing only the dune areas along this shoreline until a study of the function 
and value of the artificial reef is conducted. The Service recommends minimum-scale truck-haul 
nourishment between R-Monument 99 toR-Monument 109.4. These areas should be nourished no 
more than 1 00 feet from the mean low water line to minimize impacts to hard bottom to the 
maximum extent practicable. The Service recommends conventional hydraulic beach fill from R
Monument 109.4 toR-Monument 118.8. The impacts to the hard bottom in this area would total 
1.7 acres of impacts. The impacts should be mitigated by the artificial reef at a ratio of I :4. If after 
study of the artificial reefs function and value, the artificial reef did not provide in-kind function 
and value of the hard bottom impacts, an alternative compensation should be discussed for the areas 
of the nearshore reef that were impacted. 
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We look forward to coordinating with you on this project. Thank you for the opportunity to 
conunent in accordance with the Fish and Wildlife Coordination Act (48 Stat. 401, as amended; 16 
U.S.C. 661 et seq.). If you have any further questions or would like to discuss our comments, 
please feel free to contact Ann Marie Maharaj at (904) 232-2580 ext. 111. 
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Appendix C 
NOAA Fisheries-NMFS 2008 Comments to the Service on the Draft FWCAR 

Mr. David L. Hankla 
U.S. Fish and Wildlife Service 
6620 Southpoint Drive South #31 0 
Jacksonville, FL 32216 
Attn: Ann Marie Lauristen 

Dear Mr. Hankla: 

NOAA's National Marine Fisheries Service (NMFS) has reviewed U.S. Fish and Wildlife 
Service's (Service) Fish and Wildlife Coordination Act Report (FWCAR) for the Brevard 
County's Mid-Reach Shore Protection Project located in Brevard County, Florida, dated 
March 18, 2008, and received electronically April 1, 2008. As stated, The Mid-Reach 
Study was authorized by Section 418 ofthe Water Resources and Development Act of 
2000 (Public Law 106-541 ). In cooperation with Brevard County, the Corps has 
evaluated over 90 alternatives. For planning purposes, the Corps divided the Mid-Reach 
into six segments or "reaches" with the southern most reach being labeled "1" and the 
notihern most being "6". This FWCAR focuses on the Corps' tentatively selected plan 
know as the National Economic Development (NED) Plan, and the Locally Preferred 
Plan (LPP) put forth by the project's local sponsor, Brevard County. Proposed project 
impacts would be to FWS designated Resource Category 1 and areas identified as EFH
Habitat Areas of Particular Concern by NMFS and the South Atlantic Fisheries 
Management Council. 

The NED (referred to by the C01vs as Alternative 55) would extend the mean high water 
I 0 feet waterward, and would include advanced nourishment to maintain that design fill 
volume in Reaches I through 5; and a clune fill with no added advanced nourishment in 
Reach 6. Fill material would be dredged from Canaveral Shoals and placed at the 
Poseidon DMMA, Port Canaveral, and then hauled by truck to the Mid-Reach for 
placement on the beach at approximately 3-year intervals. The NED plan would result in 
direct and continual burial of 2.57 acres of nearshore hard bottom and worm reef 
habitat. This is an areal estimation intetvreted from aerial photography. The LPP differs 
from the NED plan in Reach 1 where construction of an conventional fill 90-foot wide 
mean high water extension would taper to I 0-foot wide mean high water line (MHWL) 
extension in Reach 2. The remainder is the same as alternative 55 with a I 0-foot MHWL 
water extension in Reaches 2 to 5 and a dune till in Reach 6. The estimated direct 
nearshore hard bottom and \Vonn reef habitat for this plan is 3.0 acres, again based on 
surface estimates derived from of aerial photography, with no accounting for indirect 
impacts. 



The mitigation plan calls for the placement of prefabricated articulated concrete mats 
imbedded with natural coquina stone at a 1 to 2.81 impact to mitigation ratio. The relief 
of these mats would be similar to the low-lying natural rock fom1ations but they would be 
placed approximately 300m or 1000 ft seaward of the natural nearshore rock between the 
14 to 16 foot water depth contour lines in an unspecified area along the 7.78 miles of 
mid-reach. 

NMFS concurs with the well-researched conclusions and supports the recommendations 
provided by the FWS provided on pages 30, 33 and 34 of the FWCAR, and would 
include the following: 

Habitat (referenced in pages 33,18,14) 

NMFS would emphasis that, "The nearshore hard bottom of the Mid-Reach represents a 
unique habitat of very limited quantity along the Atlantic coast. It is considered a priority 
'resource' within the project area supporting the epibenthos, macroalgae, invertebrates, 
turtles, fishes, birds and recreational fishers. Key ecological services provided by 
nearshore hard bottom include substrate, shelter, habitat connectivity, feeding sites, 
nesting sites, and nursery areas. This resource and the associated species in their 
appropriate life stages are considered by the Service to be in Resource Category 1, and no 
loss of habitat value of these unique and limited areas is recommended." (P.33) 

The importance of these habitats is made clear by the studies cited in the FWCAR, page 
18. "These habitats studied in Indian River and Martin Counties revealed more than 300 
invertebrates, 192 fish species, and over 100 marine algae species depend on the reefs 
and associated resources for development and survival (Nelson and Demetriades, 1992; 
Juett et al., 1976; Nelson, 1989, Lindeman and Snyder 1999). The nearshore reefs support 
high densities ofjuvenile fishes in areas otherwise devoid of any substantial three
dimensional structural habitats. These habitats are important recruitment and nursery 
areas for a diverse marine fauna and flora, including rare taxa and important fishery 
species. For example, in the U.S., the striped croaker (Bairdiella sanctaeluciae) is 
limited only to nearshore reef fonnations of east Florida. (EDO 2000). 

Lindeman and Snyder ( 1999) suggested that nearshore hard bottom serves a primary 
nursery role for incoming early life stages offish that would experience higher predation 
mortality without shelter. It may also provide secondary nursery habitat for juveniles that 
emigrate out of inlets towards offshore reefs. Some species use these structures as 
resident nurseries, settling, growing-out, and maturing sexually as permanent residents (e. 
g. pomacentrids, labrisomids). An additional nursery role may result from increased 
growth due to higher food availabilities in these structure-rich environments. 

Nearshore reefs also provide important feeding and shelter areas for juvenile endangered 
green sea turtles (Ehrhart 1992, Dynamac 2005). The reef system is important for several 
reasons including the support of a stable and complex community of species and the 
modification and stabilization ofbeach sediments (Zale and Merrifield 1989, Wells 
1970). It has been suggested that sabellarids may have been instrumental in the 
construction and preservation of beaches in the geologic past and that beach rock, 



converted from the reefs and impoundment of sediment on their landward side, provide 
for progradation of the beach (Kirtley and Tanner 1968). Gore et al. (1978) reported 
numerous invertebrate worm reef inhabitants to include amphipods, isopods, decapods, 
penaid shrimp, stomatopod, crustaceans including the porcellanid crab (Pachycheles 
monilifer), the zanthid crab (Menippe nodifrons) and the grasped crab (Pachygrapus 
transverses). (P .18) 

In addition to the ecological functions provided by the nearshore hard bottom it is 
important to note that, large sections of the nearshore reef in Brevard County are 
composed of"wonn rock". These rock structures are formed by the reef-building 
sabellariid worm, Phragmatapoma lapidosa; originally described by Kirtley and Ta~mer 
(1968). Similar hard bottom habitats studied in Indian River and Martin Counties 
revealed that more than 300 invertebrates, 192 fish species, and over 100 marine algae 
species utilize the reefs and associated resources for development and survival (Nelson 
and Demetriades, 1992; Juett et al., 1976; Nelson, 1989). In addition to these taxa, 
federally listed maline turtles have also been found to utilize the rock resources (Ehrhart, 
1992) 

Littoral Drift I Sand Budget (page 14) 

The need to address deficits in the historical sand budget which was continuously 
supplemented by littoral drift sand may in fact represent the most impm1ant component 
of a comprehensive, long-term solution to high erosional rates within Brevard's Mid
reach. Given that in natural coastal systems there is a sediment equilibrium marked by 
dynamic exchange of sand between offshore bars, beaches and dunes, large long-term 
deficits in the equilibrium of this budget will be corrected through shifts in the source 
dynamics. It is known that since Port Canaveral creation in 1951, new water and wind 
pattems were created which reversed the original southerly drift of sand along the 
Atlantic shoreline. This aggravated erosion of the beaches south of the jetties and build 
up of beaches to the north. As the sediment budget in the Mid-reach was subsequently 
reduced, equilibrium dynamics sought to replace losses offshore and on the beach with 
sand from the upland dune. Only since 2007 has it been documented that various 
strategies employed by the Port Authority and Corps have resulted in by-passing an 
amount of sand equivalent to that being blocked by the Port's jetties. However, issues 
still remain about how much, how often and where by-pass sand can best incorporated 
into the littoral system to the south. Further even if current efforts only kept pace with 
ongoing blockage rates, there is a 50+ year sand deficit that will continue to alter 
geological littoral processes along the Mid-reach. Given the proposed nourishment 
amount, even at three- year intervals, it is doubtful that rates of upland dune erosion will 
be abated. Finally, given that both proposed plans would impact areas where the size and 
abundance of P. Lapisdosa colonies are the greatest, the important function of this specie 
to "modify and stabilize beach sediments" would be impaired resulting in additional 
beach and subsequently upland clune erosion. 



The FWCAR only briefly mentions this issue (p.l4) using conclusions from a 2006 Corps 
study, " ... the creation of Port Canaveral changed the natural littoral drift transport 
patterns along some sections of the central Brevard beaches and exacerbates natural 
current drift (Corps 1996)" . Similar effects, disrupted sand transfer dynamics and long
shore equilibriums, as well as sand budget deficits, are systemic at many constructed 
inlets along the Atlantic east coast and this issues should be addressed by the Corps 
through a Programmatic Environmental Impact Statement (PElS). 

Mitigation 

Since Brevard's Mid-reach is comprised of a Resource Category 1, a unique habitat of 
very limited quantity and area, it is clear from the FWCAR that the Service will 
recommend no loss of habitat value. Similarly, if this project is approved pem1anent 
impacts to EFH-HAPC will occur, and both NMFS and the Service must be assured that 
the sequential mitigation process (avoidance, minimization and then mitigation) results in 
no loss habitat value I ecological function. In order for this to occur, the Corps and local 
sponsor will have to establish; that all practicable steps to avoid and minimize impacts 
have been taken, an accurate assessment of the proposed impacts, establish the habitat 
value and significance of the ecology processes that would be loss, and provide 
mitigation that would replace those functions and processes. 

In regard to these issues, No estimates of the project's total direct impacts, which would 
include vertical relief~ underside ofledges and interstitial spaces, nor the project's 
indirect impacts related to turbidity, sedimentation and a margin of error fill outside the 
"anticipated equilibrium profile" have been provided. 

No discussion of the how the loss of this nearshore rock area and trough (between the 
edge of the near shore rock formation and beach-"Swash Zone") might effect larvae 
emigrating from the lagoon or along the coast. As stated on Page 18, Lindeman and 
Snyder (1 999) suggested that nearshore hardbottom serves a primary nursery role for 
incoming early life stages offish that would experience higher predation mortality 
without shelter. It may also provide secondary nursery habitat for juveniles that emigrate 
out of inlets towards offshore reefs. Some species use these structures as resident 
nurseries, settling, growing-out, and maturing sexually as pennanent residents (e. g. 
pomacentrids, labrisomids). An additional nursery role may result from increased growth 
due to higher food availabilities in these structure-rich environments. 

In regard to minimization of impacts to fish species it is important to note that (P. 20), 
"Fish distribution varied along the Mid-Reach with generally higher numbers of species 
and individuals at the northernmost sites and progressively fewer along the shore in a 
southerly direction. Specific sampling sites that were species-Iich (Sunrise A venue in 
Reach 4 and Paradise Park in Reach 1) also had greater hard bottom areal coverage 
(Olsen 2003)." This would imply that a project reduced in size that weighted impacts to 
the southern portion of the Mid-reach may have less impact. 

If mitigation is provide refugee must be functioning/habitable environment not a FAD 
Mitigation reef form- low-relief articulated mats may not provided sufficient 
replacement given that (P. 18), "CSA (2005) suggested that complexity in the form of 



undercut ledges and gulleys in the rock fom1ations could be more important than overall 
areal coverage in determining species richness. 

Problems with proposed mitigation 

If mitigation reef is to have any measure of success it is clear that timing (pre
construction so as to provide established, similar, refugee habitat is available) and 
proximity to impact are critical 

Lindeman and Snyder ( 1999) evaluated a similar nearshore impact in south Florida; 
however the mitigation reef was not constructed until three years after the renourishment 
occurred. Many factors can limit net biomass productivity. However it was concluded 
that if the artificial reefs were constructed prior to burial of the natural reef and located at 
similar depths, mitigation reefs may have provided a refuge for a sizeable fraction of the 
thousands of displaced fishes during the burial of that hardbottom reef: as well as 
thousands of subsequent new recruits. This study emphasized the importance of depth 
and timing. 
Depending on displaced fish to find and use corridors may not have same result. 

Proposed mitigation would be placed too far from impacted area for it to be effective-
300 m or I 000 ft seaward from the edge of existing hard bottom. Predation of fleeing 
j uveniles likely. 

Pilot Study 

McCarthy and Holloway's/Brevard' s pilot study placed in 15 ft of water did show 
recruitment by little to no survival. This suggests that For P. Lapisdosa depth and 
temperature of substrate a factor to survival of worms this northern most extent of their 
range. Further, worms rely on suspended sediment in Surf and Swash zone to construct 
tubes that lead to colony formation, similar conditions do not persist in deeper water ( 14-
16 feet). Low relief pilot modules were also smothered, most probably by long-shore 
sediment transport, and NRC repoti (P. 26) suggests, It is possible that sessile species that 
occupy hard bottom reef habitats can be smothered by sediment... planktonic larvae of 
both vertebrates and invertebrates may be adversely impacted, filter-feeding mechanisms 
may become impaired, and photosynthetic activity may decrease (NRC 1995). Juvenile 
and small fish subjected to high sedimentation can die from anoxia. Elevated sediment 
concentrations can also lead to egg abrasion and reduced ventilation rates in mollusks. 
Turbid conditions decrease light penetration, which can reduce primary productivity. 

Although the mitigation reef is design to mimic format ions found close to shore their 
viability and utility in depths of 14 to 16 feet is questionable at best. Further even if a 
mitigation reef of greater rugosity was placed adjacent to edge of existing formations, it 
would have to placed well in advance of the project to ensure that recru itment and 
survivability of encrusting organisms. Problems with the establishment of communities 
on the Ind ian River County mitigation reef suggest that it may take several years for these 
reefs to funct ion as refugee and replacement habitats. 

In summary, NMFS concurs with the findings and recommendations of the FWCAR. 



In addition NMFS would suggest that; 

• The issue of restoration of the sand budget in the Mid-reach should be addressed. 
In this regard it may not be necessary to place all the sand necessary to slow 
erosional rates directly on the beach or in the nearshore. 

• That all impact areas be properly and accurately represented, areal coverage 
interpreted from aerial photograph misses important physical attributes of the 
nearshore reef and is not an accurate portrayal of what would be loss from direct 
and indirect burial. 

• Secondary and cumulative impacts must be accounted for 
• Further, avoidance and minimization could be achieved by avoiding any impacts 

in areas that have greater coverage of hard bottom and demonstrate a richer 
species diversity. This could be accomplished by increasing sand placement, in 
front of near shore rock formations and or by increasing fill to the south of the 
Mid-reach. 

• If any mitigation reef is constructed, it must be constructed well in advance of the 
project to ensure viability, and recruitment by the approp1iate assemblages of 
organisms at similar lifestages to those found in impacted area. This may be 
possible if the mitigation reef is placed directly in front of existing rock 
fmmations and exhibits similar physical attributes to the adjacent rock formations. 
Appropriate water depth of the reef and surrounding water temperature appear to 
be critical elements to recruitment and survivability of P. Lapisdosa in Brevard' s 
Mid-reach. 
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NATURAl RESOURCES MANAGEMENT OFACE 
2725 Judge Fran Jamieson Way, Bldg. A., Viera, Florida 32940 

Osvaldo Rodriguez 
Civil Engineer, 
Project Management Division 
U.S. Army Corps of Engineers 
400 West Bay Street 
Jacksonville, FL 32232-0019 

May 20, 2002 

FLORIDA'S SPACE 

Telephone: 
Sun Com: 366·2016 

FAX: (32i) 633·2029 

Re: Brevard County Federal Shore Protection Project 
GRR Study of Mid-Reach- Request for commencement. 

Dear Mr. Rodriguez, 

I am writing to request that the U.S. Army Corps of Engineers (USAGE) begin its 
General Re-evaluation Report (GRR) for the Mid-Reach of Brevard County's Shore 
Protection Project. 

Brevard County's initial data acquisition of the Mid-Reach is complete, including aerial 
photography, surveys and mapping of the area's nearshore rock resources. As 
discussed in our meeting with Congressman Weldon's staff on March 291

h, 60 acres of 
rock outcrops have been identified, with equal portions featuring potentially higher and 
lower value habitat. We anticipate that the GRR will evaluate the following alternatives: 

• No action. All rock resources will be protected from potential nourishment 
impacts. The beach will continue to narrow, increasing the potential damage to 
structures by storms. 

• Nourish 1.7 miles at the South end of the Mid-Reach. This alternative will 
potentially impact about 3% of the rock resources and provide storm protection 
to 24% of the Mid-Reach. 

• Nourish 2.3 miles at the South end of the Mid-Reach. This alternative will 
potentially impact up to about 10% of the rock resources and provide storm 
protection to 32% of the Mid-Reach. 

• Nourish all 7.1 miles of the Mid-Reach, impacting all rock reef habitat in the area 
(60 acres), but providing storm protection along 100% of the Mid-Reach. 

• Truck haul construction and frequent maintenance of a protective dune for the 
(4.8, 5.4, or 7.1-mile) non-nourished area. This option will provide some storm 
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protection, but may be more expensive to construct and maintain, erode more 
quickly, and may still impact some of the rock reef habitat. 

• Construction of shoreline revetment, seawalls or other armor along the (4.8, 5.4, 
or 7.1-mile) non-nourished area. This option will provide storm protection to 
upland development, but reduce the recreational and environmental benefits of 
the beach, and may not be permittable on a large-scale basis. 

• Relocation of structures and acquisition of at risk properties along the (4.8, 5.4, 
or 7.1-mile) non-nourished area. All rock resources within this area will be 
protected from potential nourishment impacts, recreational and environmental 
beach benefits will be maintained, but upland property will be sacrificed. 

• Combination of 2.3 miles of nourishment and :::; 4.8 miles of dune construction 
and maintenance. 

• Combination of 1.7 miles of nourishment and:::; 5.4 miles of dune construction 
and maintenance. 

We anticipate the GRR to include an evaluation of mitigation alternatives for rock 
resources that may be impacted along the Mid-Reach. Based upon our preliminary 
studies, to be finalized and delivered to the Corps this summer, the County anticipates 
that the preferred alternative will be sand nourishment of 1. 7 to 2.3 miles at the South 
end of the Mid-Reach, and possible construction of a dune along portions of the non
nourished area. This is based on the alongshore distribution of rock resources, 
oceanfront property improvements, and shoreline armoring. 

We look forward to hearing back from you with a schedule for the performance of the 
surveys, economic analysis, environmental assessment, draft document formulation 
and other milestones attendant to the Report. 

Please let me know if further direction is needed to initiate the GRR. 

Respectfully Submitted, 

Nikhil Mehta 
Environmental Scientist 

cc: Virginia Barker, Management Section Supervisor 
Kevin Bodge, Olsen Associates 



FLORIDA'S SPACE COAST 

TAMARA J. RICARD, Clerk to the Board, 400 South Street • P.O. Box 999, Titusville, Florida 32781·0999 

August29, 2008 

MEMORANDUM 

Telephone: (321) 637·2001 
Fax: {321) 264·6972 

TO: Ernest Brown, Natural Resources Management Director, Attn: Mike McGarry 

RE: Item VIII.A.3, Resolution for Brevard County Shore Protection Project: Mid 
Reach Plan, State Beach Management Long Range Budget Request and State 
Cost-Share Request 

The Board of County Commissioners, in regular session on August 28, 2008, selected 
Option B, Local Option Plan (TDC 50-year funding obligation of $31 .2 million), for the 
U.S. Army Corps of Engineers to pursue along the Mid Reach shoreline; adopted 
Resolution No. 08-187 supporting Brevard County Shore Protection Project and 
requesting State cost-share funding as a match for dedicated local funds. Enclosed are 
two certified copies of the Resolution. 

Your continued cooperation is always appreciated. 

Sincerely yours, 

BOARD OF COUNTY COMMISSIONERS SZ:EkL 
Tamara Ricard, Deputy Clerk 

/te 

Encls. (2) 

cc: Contracts Administration 
Finance 
Budget 
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AGENDA 

Section New Business 
Meeting Date 

August 19, 2008 
Item 
No. 

AGENDA REPORT 
BREVARD COUNTY BOARD OF COUNTY COMMISSIONERS 

SUBJECT: Brevard County Shore Protection Project: Mid Reach Plan, State Beach Management 
Long Range Budget Request and State Cost-Share Request 

DEPT/OFFICE: Natural Resources Management Office 
Requested Action: 

Select a shore protection plan for the U.S. Army Corps of Engineers to pursue along the Mid Reach shoreline and 
approve a resolution supporting the Brevard County Shore Protection Project and requesting State cost-share 
funding as match for dedicated local funds. All Local Match is derived from the TDC Dedicated Beach 
Improvement Fund 
Summary Explanation & Background: 

The Mid Reach is a 7.78-mile section of critically eroded beach lying between Patrick Air Force Base and 
Indialantic that includes the Towns of Satellite Beach and Indian Harbour Beach. The Mid Reach was deleted 
from the Brevard County Federal Shore Protection Project in 1996 due to environmental concerns regarding 
rocky hard bottom habitat present in the surf zone. Since that time, Brevard County has been working with the 
U.S. Army Corps of Engineers (Corps) to develop a suitable shore protection plan for the Mid Reach. 

On October 26, 2004, the Board executed an Agreement with the Corps to cost share a General Re-evaluation 
Report (GRR) for developing a federally authorized shore protection project for the Mid Reach. The GRR 
process is nearly complete. After evaluating over 100 different shore protection options for the Mid Reach, the 
Corps has identified an environmentally acceptable plan that yields the greatest federal benefits. This National 
Economic Development (NED) Plan maximizes the available federal cost share for the project. During the 
Corps' GRR process, County staff and consultants developed and evaluated shore protection alternatives with the 
desire to enhance local benefits beyond the NED plan. This Local Option Plan increases sand placement and 
shore protection benefits along the Mid Reach while still maintaining the required federal scope. These two 
possible shore protection options are described in Attachment A. On August 4, 2008, the TDC Beach 
Improvement Committee voted unanimously in favor of recommending the Local Option. 

In order to complete the GRR, the Corps needs the Brevard County Board of County Commissioners to formally 
select either: 

A. National Economic Development (NED) Plan (TDC 50 year funding obligation $28.3 million) or 
B. The Local Option Plan. (TDC 50 year funding obligation $31.2 million) 

As part of this agenda, staff also requests authorization to solicit State cost share for the non-federal costs of 
restoring Brevard's critically eroded beaches. This is accomplished each year by submitting a resolution and 
funding request to the Florida Department of Environmental Protection (FDEP) Office of Beaches and Coastal 
Systems. This request contains a 1 0-year Long Range Budget Plan (LRBP). Attachment B contains two draft 
LRBP's, one includes cost share for the NED Plan and a second is based on the Local Option Plan. It is 
requested the Board approve the cost share resolution (Attachment C) and submittal of the appropriate LRBP 
based on the Board's selection of either the NED Plan or Local Option Plan for shore protection along the Mid 
Reach. 

Fiscal Impact: FY 07-08 No fiscal impact to the General Fund (GF) associated with this item. 
FY 08-09 There is no GF impact. Long Range Budget Plan 08-09 expenses to the TDC are up to 
$4,205,310. 

Staff Contacts: Ernest Brown (5-2439) or Mike McGarry (5-2696) Natural Resources Management Office, 633-2016. 

Exhibits Attached: 

Attachment A: Staff Report RE: U.S. Army Corps of Engineers Mid Reach Plan with option map 
Attachment B: Staff report RE: State Long Range Budget Plan with LRBP option tables 
Attachment C: Resolution supporting the Brevard County Shore Protection Project and requesting State cost
share funding as a match for the TDC's dedicated local funds. 

Contract/Agreement (If attached): Reviewed by County Attorney I Yes D No D pending 
County Manager's Office Natural Resources Management Office 

Peggy Busacca, County Manager Ernest N. Brown, Director 



SUBJECT: 
DATE: 
AUTHOR: 

BREVARD COUNTY 
BOARD OF COUNTY COMMISSIONERS 

NATURAL RESOURCES MANAGEMENT OFFICE 

US Army Corps of Engineers Mid Reach Plan 
August 5, 2008 
Mike McGarry 

STAFF 
REPORT 

The US Army Corps of Engineers (Corps) is finalizing the Mid Reach General Reevaluation Report 
(GRR) to determine the best shore protection plan for the Mid Reach. For the purpose of evaluating 
the options, the Mid Reach was subdivided into 6 "reaches," so the optimal beach width could be 
determined for each reach based on the unique shore protection needs and submerged rock habitat in 
that reach. The six reaches are illustrated in the Corps' Figure 3.3 which is attached. 

The GRR process has evaluated over 100 combinations of shore protection options combined across 
the 6 reaches and narrowed the search to two plans that offer different strengths. The Corps process 
focuses on identifying a National Economic Development (NED) Plan. The NED Plan is designed to 
maximize national economic benefit within constraints imposed by environmental and other 
regulations. Maximizing shore protection or recreational benefits is not a specific goal of the NED 
Plan. The highest NED Plan with not more than 3 acres of rock impact is the federally chosen plan. 
This plan is illustrated as a blue line on Figure 3.3 with project widths ranging from "dune only" in 
Reaches 4 and 6, to 30+ feet of beach widening in Reach 3. 

In order to provide Brevard County with an option that provides a more equitable treatment of 
reaches while maximizing shore protection and recreational benefits, the Corps has considered a 
Local Option. In this plan the width of additional beach in Reach 3 has been reduced from 30' to 20' 
to allow construction of 1 0' of beach in Reach 4. Additional costs of this plan, if selected, would be 
the responsibility of Brevard County. To facilitate comparison of the two plans, the primary 
differences are highlighted in the table below and relative beach widths are sketched on Figure 3.3. 

Comparison of NED Plan and Local Option Plan 
NED Plan Local Option Plan 

Initial Sand Volume 540,000 cy 588,000 cy 
Total Project Length 7.78 miles 7.78 miles 
Length of Widened Beach 5.36 miles 6.42 miles 
Length of Dune Only 2.42 miles 1.36 miles 
Rock Impact 2.9 acres 3.0 acres 
Average Storm Protection 32 year return 35 year return 
Total 50 Year Project Cost $103.5 M $108.4 M 
Federal Cost Share 54% 51.55% 
Local 50 Year Project Cost $28.3 M $31.2 M 

On August 4, 2008 the Tourist Development Council (TDC) Beach Improvement Committee 
reviewed both plans and the relative benefits. The County and State will bear the extra cost of the 
local option which amounts to $2.9 million for the TDC over the 50 year project life. A 25 year 
budget forecast indicates the TDC Beach Improvement Fund can provide sufficient funding for either 
plan. The TDC Beach Improvement Committee voted unanimously to recommend the Local Option 
Plan. The Corps has requested that the Brevard County Board of County Commissioners decide 
whether to finalize the GRR based on the NED Plan or the Local Option Plan. 
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Programs and Project Management Division 
Coastal, Navigation and Antilles Branch 

LTC Michael L. Furey 
45 CES/CC 
1224 Jupiter St MS 9125 
Patrick AFB, Florida 32925-3343 

Dear Colonel Furey: 

The U.S. Army Corps of Engineers, Jacksonville District is 
currently engaged in a general reevaluation study of the Brevard 
County shore protection project. The study will determine if 
the area known as the Mid-Reach is justified for federal 
participation in a project to reduce storm damages along the 
shoreline. The study area extends from the southern limit of 
Patrick Air Force Base for 7.6 miles south along the shoreline. 
As part of the study, we are evaluating several alternatives 
including a truck haul fill of the beach. It has come to our 
attention that an existing dredged material management area 
located at Port Canaveral could be beneficial to our project. 
This could also benefit the U.S. Air Force and the Naval 
Ordinance Test Unit. 

This letter and enclosure is intended to inform you of the 
alternative being considered in the Brevard County Mid-Reach 
project and request participation and concurrence. The 
alternatives include dredging of offshore sands, dewatering the 
material at the upland disposal site (stockpile site), and 
truck-hauling the material to the mid-reach shoreline. It is 
our belief that stockpiling material at Port Canaveral is 
beneficial in nature in that it will 1) rehabilitate the 
existing Poseidon dredged material management area at no cost to 
the U.S. Navy or U.S. Air Force including clearing of exotics 
and relocation of gopher tortoises; 2) provide capacity above 
the existing upland disposal area for future dredging of the 
Port and Navy Trident Basin; and 3) provide an additional source 
of material for shorelines including capacity above that for the 
Mid-Reach and the Patrick Air Force Base Reach. 
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Detailed design of the stockpile area would be completed in 
coordination with your office to meet the goals of all parties 
involved. 

It would be our pleasure to meet further to discuss this 
issue. The project manager for the Brevard County Mid-Reach 
project, Mr. Osvaldo Rodriguez, can be reached at 904-232-2909. 

Enclosure 

Copies Furnished: 

Sincerely, 

Paul L. Grosskruger 
Colonel, U.S. Army 
District Commander 

CAPT William M. Drake, Naval Ordnance Test Unit, P.O. Box 1623, 
Cape Canaveral, Florida 32920-1623 

Mr. Carlos Alvarado, P.O. Box 1623, Cape Canaveral, Florida 
32920-1623 

Mr. Patrick S. Giniewski, 45 CES/CEVR, 1224 Jupiter St. MS 9125, 
Patrick AFB, Florida 32925-3343 

Mr. Robert Van Vonderen, 45 CES/CEL, 1224 Jupiter St. MS 9125, 
Patrick AFB, Florida 32925-3343 

Mr. Dale Hawkins, 45 CES/CEVP, 1224 Jupiter St. MS 9125, Patrick 
AFB, Florida 32925-3343 

Ms. Virginia Barker, 2725 Judge Fran Jamieson Way, Building A, 
Viera, Florida 32940 

Dr. Kevin Badge, Olsen Associates Inc., 4438 Herschel St. 
Jacksonville, Florida 32210 

Ms. Jeannie Adame, Canaveral Port Authority, 200 George King 
Blvd, Cape Canaveral, Florida 32920 

bcf: 
CESAJ-PD (Mrs. Candida Bronson) 

1 Rodriguez/DP-C 
jam/3137 12-18-06 
~ Scarborough/DP-C 

~er/DP 
Finch/DX 

C\.-..._Robertson/DD 
<¥~sskruger/DE 



BREVARD COUNTY, FLORIDA SHORE PROTECTION PROJECT 
MID-REACH ORR 

STOCKPILE AREA ALTERNATIVE 

I. PROJECT DESCRIPTION: Brevard County Mid-Reach study area is 7.6 miles in 
length and extends from Patrick Air Force Base in the north to the city oflndialantic 
to the south (see attached map, Figure I). As part of the study, sand sources for truek 
haul fill of the shoreline are being investigated. An offshore sand source has been 
used in other projects, and could be used in conjunction \vith an upland stockpile area 
for dewatering. 

The sand source for the fill material is Canaveral Shoals II (CSII), which is located 
approximately 20 miles north-northeast of the Mid Reach and 9.4 miles east of the 
proposed Poseidon stockpile site. This sand source has been used previously for 
construction and renourishment of the North and South Reaches of Brevard County. 

The sand will be dredged from CSII and transported to the Poseidon DMMA at Port 
Canaveral (see project map, Figure 1) at approximately 6 year intervals. Sand will be 
dredged utilizing hopper dredges with direct pump-out at the stockpile site. Sand will 
be dewatered at the Poseidon site and then transported to the Mid Reach Project via 
dump truek and placed and shaped on the beach utilizing tractors. Initial use of the 
Poseidon site will require clearing, grubbing and dike repair work as outlined in 
section 2. 

The economic life of the proposed project is 50 years. Over this time period, multiple 
stockpiling events would occur at approximately 6 year intervals. The initial fill is 
anticipated to be up to 900,000 cubic yards, with removal of half that volume 
immediately following dewatering. The remaining volume will allow for two truck 
haul events prior to the next dredging event to fill the stockpile area. All subsequent 
dredging events will only fill the stockpile area to approximately halffull. Thus it is 
anticipated that except for the intial fill event, the stockpile area will generally be half 
or less full. The remaining capacity could be used for other projects. 

2. POSEIDON STOCKPILE SITE: The Poseidon DMMA is directly adjacent to the 
Trident Submarine Basin on the west side. The interior of the site will require 
approximately 15 acres of heavy clearing, 20 acres of light clearing, and two dike 
repairs of 6000 cy and 8500 cy, respectively. The dikes surrounding the placement 
area will require approximately 10 acres of light clearing and approximately 1 foot of 
material added (30,000 cy total) to dress and restore the dike surface. Material that is 
presently within the stockpile site should be suitable for repairing the dikes and 
dressing the surface. In addition to the rehabilitation and preparation of the site, a 
road ramp will be constructed at the southwest comer for truck aecess over the dike. 
The site will have a capacity of approximately 900,000 cy if filled to + 28' NGVD 
within the southern portion of the site (see Figure 2 Poseidon site map). The Poseidon 



site's perimeter dikes are approximately 32' above grade at the present time. It is 
anticipated that the stockpile site would be replenished when hydraulic dredges were 
mobilized for the north and south reach hydraulic beach fill renourishments 
(approximately every 6 years). The sand source contains sand that consists primarily 
of poorly graded, slightly silty, fine to medium grained sands, with trace to some sand 
sized carbonate shell and shell fragments. Occasional gravel sized shell fragments as 
indicated in the laboratory data should be expected. The sand source has an 
approximate mean grain size of 0.30 mm (1.75 phi) and a standard deviation of 1.03 
phi. This same material has been used successtully for beach fill in other portions of 
Brevard County. 

3. DUNE AND BEACH FACE FILL: Table 1 summarizes the quantities for the Dune 
Only and Dune + Beach Face alternatives under consideration. The final proposed 
plan has not been selected at this time. The limits and lengths of each reach are 
included along with the haul distance (via existing roads) from the mid-point of each 
reach to the Poseidon stockpile site. The project alternatives consist of 1) a dune fill 
of approximately 5 cubic yards per foot and 2) the same 5 cy/ft dune plus a 9.4 cy/ft 
beach face fill. 
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Table !. Dune and Beach Initial Construction Fill Quantities 

Reach Limits Oist to Truck Haul Volume (cy) I 
I Dune ! Dune + 20~Foot , I 

length Stockpile Fill (5 cylft) I Beach Face Fill I 
FOEP Monuments (It) sue (mil (14.4 cylft) 

Reach 1 R119 • R109 9,599 24.0 48,000 I 138,000 

Reach 2 R109 • R105.5 3,406 22.7 17,000 I 49,000 I 

Reach 3 R105.5 • R99 6,239 21.7 32,000 90,000 

Reach4 R99· ~93 -~~"~ 

5,603 20.7 28,000 81,000 

Reach 5 R93 • R83 9,029 19.4 45,000 130,000 

Reach 6 R83 • R75.4 1,2o1 I 18.0 36,000 104,000 

206,000 592,000 ... I 
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Figure 2. Poseidon Stockpile Area Map 
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AEP~Y '0 
ATTfNr:ON OF 

DEPARTMENT OF THE ARMY 
JACKSONVILLE DISTRICT CORPS OF ENGINEERS 

P. 0. BOX 4970 
JACKSONVILLE, FLORIDA 32232..()019 

JAN 0 5 2001 
Programs and Project Management Division 
Coastal, Navigation and Antilles Branch 

LTC Michael L. Furey 
45 CES/CC 
1224 Jupiter St MS 9125 
Patrick AFB, Florida 32925-3343 

Dear Colonel Furey: 

The U.S. Army Corps of Engineers, Jacksonville District is 
currently engaged in a general reevaluation study of the Brevard 
County shore protection project. The study will determine if 
the area known as the Mid-Reach is justified for federal 
participation in a project to reduce storm damages along the 
shoreline. The study area extends from the southern limit of 
Patrick Air Force Base for 7.6 miles south along the shoreline. 
As part of the study, we are evaluating several alternatives 
including a truck haul fill of the beach. It has come to our 
attention that an existing dredged material management area 
located at Port Canaveral could be beneficial to our project. 
This could also benefit the U.S. Air Force and the Naval 
Ordinance Test Unit. 

This letter and enclosure is intended to inform you of the 
alternative being considered in the Brevard County Mid-Reach 
project and request participation and concurrence. The 
alternatives include dredging of offshore sands, dewatering the 
material at the upland disposal site (stockpile site), and 
truck-hauling the material to the mid-reach shoreline. It is 
our belief that stockpiling material at Port Canaveral is 
beneficial in nature in that it will 1) rehabilitate the 
existing Poseidon dredged material management area at no cost to 
the U.S. Navy or U.S. Air Force including clearing of exotics 
and relocation of gopher tortoises; 2) provide capacity above 
the existing upland disposal area for future dredging of the 
Port and Navy Trident Basin; and 3) provide an additional source 
of material for shorelines including capacity above that for the 
Mid-Reach and the Patrick Air Force Base Reach. 
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Detailed design of the stockpile area would be completed in 
coordination with your office to meet the goals of all parties 
involved. 

It would be our pleasure to meet further to discuss this 
issue. The project manager for the Brevard County Mid-Reach 
project, Mr. Osvaldo Rodriguez, can be reached at 904-232-2909. 

Sincerely, 

~)~ 
Paul L. Grosskruger 
Colonel, U.S. Army 
District Commander 

Enclosure 

Copies Furnished: 

CAPT William M. Drake, Naval Ordnance Test Unit, P.O. Box 1623, 
cape Canaveral, Florida 32920-1623 

Mr. Carlos Alvarado, P.O. Box 1623, Cape Canaveral, Florida 
32920 1623 

Mr. Patrick S. Giniewski, 45 CES/CEVR, 1224 Jupiter St. MS 9125, 
Patrick AFB, Florida 32925-3343 

Mr. Robert Van Vonderen, 45 CES/CEL, 1224 Jupiter St. MS 9125, 
Patrick AFB, Florida 32925-3343 

Mr. Dale Hawkins, 45 CES/CEVP, 1224 Jupiter St. MS 9125, Patrick 
AFB, Florida 32925-3343 

Ms. Virginia Barker, 2725 Judge Fran Jamieson Way, Building A, 
Viera, Florida 32940 

Dr. Kevin Bodge, Olsen Associates Inc., 4438 Herschel St. 
Jacksonville, Florida 32210 

Ms. Jeannie Adame, Canaveral Port Authority, 200 George King 
Blvd, Cape Canaveral, Florida 32920 



DEPARTMENT OF THE AIR FORCE 
45TH SPACE WING (AFSPC) 

JAN 2 2 2007 

MEMORANDUM FOR JACKSONVILLE DISTRICT CORPS OF ENGINEERS 
P.O. BOX 4970 

FROM: 45 CES/CC 

JACKSONVILLE FL 32232-0019 
ATIN: COLONEL PAULL. GROSSKRUGER, DISTRICT 
COMMANDER 

1224 Jupiter St, MS 9125 
Patrick AFB FL 32925-3343 

SUBJECT: Brevard County Mid-Reach Project, Poseidon Sand Stockpile 

1. The 45th Space Wing, US Air Force supports the subject project as outlined in your 
letter of 5 Jan 07. 

2. We would like to meet and discuss several aspects of the proposed project including 
sand deposition on the north jetty, truck haul traffic and roadway impacts, methods of 
dewatering, hopper-dredge siting, prevention of re-infestation of invasive species and 
relocation of gopher tortoises under the 45 SW permit. 

3. We would also like to discuss development of a memorandum of understanding with 
the Corps of Engineers for the eventual operation of the stockpile area. Finally, we would 
like to discuss renourishment of Patrick Air Force Base south beaches. 

4. We propose a meeting on 6 Feb 07 at 1000, building 60600, Cape Canaveral Air Force 
Base. We will finalize this meeting time and location with Mr. Osvaldo Rodriguez. 

5. Our POC for this action is Dale Hawkins, 45 CES/CEV, 321-853-6578, or E-mail, 
dale.hawkins@patrick.af.mil. 

, Lt Col, USAF 

GUARDIANS OF THE HIGH FRONTIER 



FLORIDA DEPARTMENT OF biATE 
Sandra B. Mortham 

Sa-:retary of State 
DIVISION OF HISTORICAL RllSOURCES 

IV\. Gray Huildh\g 
SOO South Bronough Sh·""t 

Tallnhns"'""· r1orida '32399·0250 
Dir<•t•tor' s Office Tci<'Copier Number (!'AX) 

(904) 41'8·1460 (901) 488-3353 

Mr. A. ;J. Salem, Chief In Reply Refer To: 
Planning Division, Bnvironmental 
Resources Branch 

Jacksonville District Corps of 
Engineers 

P.O. Box 4970 
Jacksonville, Florida 32232-0019 

Frank J. Keel 
Historic Sites 
Specialist 

(904) 487-2333 
Project File No. 942533 

RE: Cultural Resource Assessment Review Request 
A Cultural Resources Magnetometer Suz:vey of l'roposed Borrow 
Areas, Vicinity of Cape Canaveral, Brevard County, F.lorida. 
Tidewater Atlantic Research, May 20, 1994. 

Cape Canaveral, Brevard County, Florida 

Dear Mr. Salem: 

In acco:rciance with the procedures contained in 36 C.F.R., Part 
800 ("l>rotection of Historic Properties"), we have reviewed the 
results of the magnetometer survey and find them to be 
sufficient., In order to make the materials complete, would your 
office or Tidewater Atlantic Research fill out the enclosed 
Florida Slte fjle Survey Log Sheet. 

We note that nine magnetic anomalies were recorded within the 
proposed borrow areas. The proximity of CC-01, CC-02, and CC-03 
led the investigators to conclude that these anomalies may 
represent a significant resource. In addition, the signatures 
and proximity of CC-07, CC-08, and CC-09 may represent 
significant submerged resources. We concur with the 
investigators conclu.sions that these areas should be avoided or 
additional investigations be completed if area is impacted. This 
office is also of the opinion that a buffer zone of 300 feet 
would sufficiently protect these resources. Therefore, if the 
buffer zone is malntained, it is our opinion that project 
activities wlll not effect significant resources listed or 
eligible for listing in the National Register of Historic Places. 

.Horida Polklife Programs Hir;toric Preservation Musemu of Florida Hif.:tory 
,,-"~,,, -•~'">C\ -;~u~ 



Mr. Salem 
.August 9, 1994 
Page 2 

If you have any questions concerning our comments, please do n\)\. 
hesitate to contact us. Your interest in protecting Florida's 
historic properties is appreciated. 

GWP/Kfk 
Enclosures (2) 
xc: Gordon P. Watts 

Sincerely, 

~£.~~ 

1 George W. Percy, Director 
Division of Historical Resources 

and 
State Historic Preservation Officer 



DIVISIONS OF FLORIDA DEPARTMENT OF STATE 

OffiCE' oi the Secrclary 

Division of Elections 
Di~ision c: Corporations 
Division of Cultural Mtiirs 
Division of Historical Reoource~ 
DivJSion vf Libra:y and InfonrM-hOfl Servin'S 
Division of Licensing 
Division d Administrative Services 

FLORIDA DEPARTMENT OF STATE 
Katherine Harris 

Secretary of State 

June 9, 1999 DIVISION OF HISTORICAL RESOURCES 

Mr. Hanley K Smith 
Planning Division, Environmental Branch 
Jacksonville District, Corps of Engineers 
P 0. Box 4970 
Jacksonville, Florida 32232-0019 

RE: DHR Project File No. 992156 
Cultural Resource Assessment Review Request 

MEMBER OF THE FLORIDA CABINET 

State Board of Edu,;ation 
Trustees of the lnternallmprovemcnt Trust Fund 

Administration O.:m:unission 
F!otida Wml and Water Adjudicatory Commi.ss.ion 

Siting Board 
Division of Bond Finance 

DrparL-nent d Revenue 
Department of Law Enfora>IT~ent 

Department of Highway Safety and Motor Vehicles 
Dcpartm<"1lt of Vet<:nu~· Affah""S 

Draft Report -A Submerged Cultural Resources Remote Sensing Survey ~~Four 
Proposed Borrow Areas and Archaeological Diver Identification and Evaluation of Eight 
Potentially Significant Targets for the Brevard County Shore Protection Project, Brevard 
County, Florida. By Tidewater Atlantic Research, March 1999. 

Dear Mr. Smith: 

In accordance with the procedures contained in 36 C.F.R., Part 800 ("Protection of Historic 
Properties"), we have reviewed the draft report for the referenced project performed by Tidewater 
Atlantic Research and find it sufficient. Please have Tidewater Atlantic Research provide a survey 
log sheet. 

We have reviewed the draft copy of the "A Submerged Cultural Resources Remote Sensing 
Survey of Four Proposed Borrow Areas and Archaeological Diver Identification and Evaluation 
of Eight Potentially Significant Targets for the Brevard County Shore Protection Project." Mr. 
Jim Dunbar, Underwater Archaeologist, Division of Historical Resources, has reviewed the 
proposed remote sensing survey. 

For Borrow Area I, Sand Rehandling Area and the Space Coast Shoal Area, based on the results 
of the survey, it is the opinion of this office that the proposed activities within these areas will 
have no effect on historic properties listed or eligible for listing in the National Register of 
Historic Places or otherwise of historical or archaeological value. 

As for Borrow Area II, we concur with Mr. Dunbar's recommendations: 

• The eight potentially significant targets ( C2-0 1, C2-02, C2-l 0 - C2-14 and C216) should be 
diver checked and assessed. 

R.A Gray Building • SOO South Hronough Street • Tallahassee/ Florida 32399-{)250 e http:/ /wwtv.I1heritage.com 
:I Director's Office :"] Archaeological Research _;;rl-Tbtork Preservation _0 f--li~toricall\;fuscums 

(850) 488~1480 • FAX: 48ikB5':i (850) -187-2299 • FAX: ,H-1-~2207 (85!)) 't~7--2333 • PAX: Y22:-G4Y6 {850) 488-14,.\)4 • h-\X: Y21·2.':i03 

CJ Historic Pensacola Preservntion Hoard 'I Palm Beach Regional Office :J St. Augustin<: Regional Office -:J Tampa Regional Office 
(SSOl 5'15-5985 • fAX: S'J5-.'J9B9 (56!) 2'/9-H75 • FAX: 279- 'JA76 (9U4) B25-S045 " FAX: 825--5044 (R13) 272-3843 • PAX: 2:72-2340 



?vir. Smith 
June 9, 1999 
Page2 

• If target C2-02 is identified as a historic shipwreck then targets C2-17, C2-18 and C2-19 be 
diver checked. 

• In addition, targets that lie within 1 OOOft of each other should be diver checked. This would 
include targets C2-05, C2-07 and C2-08. 

If you have any questions concerning our comments, please contact Scott Edwards, Historic 
Preservation Planner, at 850-487-2333 or 800-847-7278. Your interest in protecting Florida's 
historic properties is appreciated. 

GWP/Ese 

Sincerely, 

George W. Percy, Director 
Division of Historical Resources 

and 
State Historic Preservation Officer 



DIVISIONS OF FLORIDA DEPARTMENT OF STATE 
Offlc,; of the Se.-rerary 

Office of lntematl<'n,li Rdatinns 

Dw1~wn ,,1 Cmp:>uhons 

Divh:un of Cul!ural Afb1rs 
Dn·:ston d l·l!st,,rKJi R.._"Snurces 
D:v,S<t>fl of Llbr,,rv .>n.:i !nf,>rma!'<lfl Serv''"~ 

DlVhlon of L:C<'nHng 

D1v:Sl\lfl nf .-\dmmtstr~tlVt' S<:rnn>;, 

FLORIDA DEPARTMENT OF STATE 
Katherine Harris 

Secretary of State 

DIVISION OF HISTORICAL RESOURCES 

MEMBER OF THE FLORIDA CABINET 

StMe BoMd ot Educa!wn 
rru~tet·o A th<' lrHt>!Tlill Improvement Tr,;,;.t Fund 

Admnnstrat;nn (\>nlmh~IOn 
f.londel Lmd ,1f'ld Wder AdfudJCJtmv C>mml%10ri 

Sttmg Boud 
D:v;swn <>! &md hr;;mc<> 
l~p.lrlnwrH of R<'H"nw; 

l>wcrtmco> ;,f L.1w Lnfmcemen 
iA'[•rtlrt"''"" \iou1r Vehid<>s 

ML James C Duck May 3, 2000 
Jacksonville District Corps of Engineers 
P,O, Box 4970 
Jacksonville. Florida 32232-0019 

RE: DHR Project No. 2000-02415 
Contract No. DACW 17-98-M-0272 
Request for Submerged Cultural Resource Survey Review: A submerged Cultural 
Resources Remote Sensing Survey oj'Four Proposed Borrow Areas and Archaeologicol 
Diver Identification and Evaluation of' Eight Potentially Significant Submerged Targets 
for the Brevard County Shore Protection Project. Brevard County. Horida. 

Dear Mr, Duck: 

ln accordance with the procedures contained in 36 CFR, Part 800 ("Protection of Historic 
Properties"), as well as tbose contained in Chapter 267.061, Florida Statutes, as implemented 
through IA-46 Florida Administrative Code, we have reviewed the results oftbe submerged 
cultural resource survey of tbe referenced project and fmd them to be complete and sufficient 

Results of tbe diver evaluation revealed that tbe large cluster of anomalies in tbe northern part of 
tbe survey area (CC-01, CC-02, CC-03, CC-04, CC-05, and CC-08) were tbe remains of modern 
fishing vessels. The remaining anomalies (CC-07 and CC-09) were identified as modt.'Til debris. 
No anomalies were identified in either Borrow Area 1 - Access Channel, tbe Sand Rehandling 
Area, or tbe Space Coast Shoals Area. We concur with tbese fmdings. Funher, Borrow Area 2 
produces 20 anomalies. Eigbt of tbese targets produced signatures characteristic of potentially 
significant submerged cultural resources and are recommended by Tidewater Atlantic Research 
for further investigation in tbe event that proposed dredging activity could impact these sites. We 
concur witb tbese recommendations. 

If you have any questions concerning our comments, please contact Brian Yates, Historic Sites 
Specialist at (850) 487-2333 or 1-800-847-7278. Your intcrL'St in protecting Florida's historic 
properties is appreciated. 

s, Ph.D., Director 
Divis ton of Historical Resources 
State Historic PrcS<,'!'Vation Officer 

JSMIYby 
Xc: Gordon Watts, Tidewater Atlantic Research, Inc, 

IL\. Building • 500 Snuth Bronough Street • 
l Arch,lt'tdt>g:u:,-d Re~car~·h 
:l)'iil)-J.h7 22'J'! • h\X -+:-+<?2·'7 
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DIVISIONS OF FLORIDA DEPARTMENT OF STATE 
Office of the Secretary 
Office of International Relations 
Division of Elections 
Division of Corporations 
Division of Cultural Affairs 
Division of Historical Resources 
Division of Library and Information Services 
Division of Licensing 
Division of Administrative Services FLORIDA DEPARTMENT OF STATE 

MEMBER OF THE FLORIDA CABINET 
Sta;,; Board of Education 

Trustees of the !ntemallmprovement Trust F1..1nd 
Adntinstrcttion Conunisswn 

Florida Land and Water Adjudicatory Commission 
Siting Board 

Division of Bond Finance 
Department of Revenue 

Department of Law Enforcement 
Department of Highway Safety and Motor Vehicles 

Departrnent of Veterans' Affairs 

Katherine Harris 
Secretary of State 

DIVISION OF HISTORICAL RESOlJRCES 

Mr. James C. Duck August 10, 2001 
Attn: Mr. Tommy Birchett 
Jacksonville District US Army Corps of Engineers 
P.O. Box 4970 
Jacksonville, Florida 32232-0019 

RE: DHRNo.2001-316 
Date Received by DHR: January 3, 2001 
Agency: United States Army Corps of Engineers 
Project Name: Archaeological Diver Identification and Evaluation of Fourteen Potentially 

Significant Submerged Targets for the Brevard County Shore Protection Project 
Brevard County, Florida 

Dear Mr. Duck: 

Our office has received and reviewed the above referenced project in accordance with Section 106 of the 
National Historic Preservation Act of !966 (Public Law 89-665), as amended in !992, and 36 C.FR., 
Part800: Protection ofHistoric Properties. The State Historic Preservation Officer (SHPO) is to advise 
and assist federal agencies when identifYing historic properties (listed or eligible for listing, in the 
National Register of Historic Places), assessing effects upon them, and considering alternatives to avoid 
or reduce the project's effect on them. 

Results of the investigations revealed that eight of the anomalies (C2-0l, C2-02, C2-08, C2-12, C2-l3, 
C2-l4, C2-l6, and C2-17) were debris from either the Air Force missile progtam or the NASA space 
progtam. Although considered modern, the association of these materials with the Air Force and NASA 
progtams suggests that these objects may be potentially eligible for listing in the National register. Thus, 
it is the opinion of the project archaeologist that these targets be avoided during the proposed project. If 
this is not feasible, the additional investigation and evaluation is recommended. 

Finally, Anomaly C2-ll was identified as the remains of a modern fishing vessel. Anomaly C2-10 was 
identified as a section of cable and most likely associated with C2-ll. Based on the information provided, 
this agency concurs with this determination and finds the submitted report complete and sufficient. Please 
note that all future submissions to our office for review and comment must adhere to the Division of 
Historical Resources' recently revised Performance Standards for Submerged Remote Sensing Surveys. 

500 S. Bronough Street • Tallahassee, FL 32399-0250 • http;fiwww.tlheritage.com 
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Mr. James C. Duck 
August 10, 2001 
Page 2 

If you have any questions concerning our comments, please contact Brian Yates, Historic Sites Specialist, 
at byates@mail.dos.state.fl.us. Your interest in protecting Florida's historic properties is appreciated. 

Sincerely, 

---=\-.. .Q. :...Q. Q. GJL..1>~f;;\ S\+Po 
~ Janet Snyder Matthews, Ph.D., Director J 
~ Division of Historical Resources 

State Historic Preservation Officer 

JSM!Yby 



DIVISIONS OF FLORIDA DEPARTMENT OF STATE 
O.Fficc of the Secrel<1ry 
Office of International Relations 
Division of Elections 
Division of Corporations 
Division of Cultural Affairs 
Division of Historical Resources 
DivL<>ion of Library anJ Information Services 
Division d Licensing 
Division of Administrative Services 

Mr. James C. Duck 

FLORIDA DEPARTMENT OF STATE 
Katherine Harris 

Secretary of State 
DIVISION OF HISTORICAL RESOURCES 

Jacksonville District US Army Corps of Engineers 
P.O. Box 4970 
Jacksonville, Florida 32232-0019 

Re: DHR No. 2002-06980 I Date Received by DHR: July 9, 2002 

MEMBER OF THE FLORIDA CABINET 
State Board of Education 

Trustees of the Internnl Improvement Trust Fund 
Admini'ltration Commission 

Florida Lmd and Water Adjudicatory Commission 
Siting Board 

Division of Bond Finance 
Department of Revenue 

Department vf Llw Enforcerncnt 
Department of Highway Safety and Motor Vehicles 

Department of Veterans' Affairs 

July 16, 2002 

A Cultural Resources lvfarine Remote Sensing Survey of the Offshore Borrow andRe
Handling Areas South Reach Brevard County Shore Protection Project, Brevard 
County, Florida (Mid-Atlantic Technology and Environmental Research, Inc. 2002)
Draft Report 

Dear Mr. Duck: 

Our office has received and reviewed the above referenced project in accordance with Section 
106 of the National Historic Preservation Act of 1966 (Public Law 89-665), as amended in 1992, 
and 36 C.F.R., Part 800: Protection of Historic Properties. The State Historic Preservation 
Officer is to advise and assist federal agencies when identifying historic properties listed or 
eligible for listing in the National Register of Historic Places, assessing effects upon them, and 
considering alternatives to avoid or minimize adverse effects. 

No magnetic or acoustic anomalies were identified during the survey. It is the opinion of the 
project archaeologist that use of the proposed borrow and re-handling areas will have no effect 
on any historic properties eligible for listing in the National Register of Historic Places. Based 
on the infonnation provided, this office concurs with this detetmination and finds the submitted 
draft report complete and sufficient. 

[fyou have any questions concerning our comments, please contact Mary Beth Fitts, Historic 
Sites Specialist, at mbfitts@mail.dos.statc.ll.us or (850) 245-6333. Your interest in protecting 
Florida's historic properties is appreciated. 

Sincerely, 

~ • . £) •. · -~ \(. C, .JL,~~-r\-1 S\it>O 
\ Janet Snyder Matthews, Ph.D., Director, and 
){State Historic Preservation Officer 

500 S. Bronough Street • Tallahassee, FL 32399-0250 • http://www.f1hcritage.com 
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Ms. Lauren Milligan 

FLORIDA DEPARTlVfENT OF STATE 
Glenda E. Hood 
Secretary of State 

Dlv1SION OF HISTORICAL RESOURCES 

May 12, 2005 

Director, Florida State Clearinghouse 
Florida Department of Environmental Protection 
3900 Commonwealth Boulevard, Mail Station 47 
Tallahassee, Florida 32399-3000 

RE: DHR No.: 2005-3278/ Date Received by DHR: April 8, 2005 
SAl#: FLI99606100442CR I Jacksonville Corps of Engineers 
Scoping Notice- Feasibility Study, Mid-Reach Section of the Brevard County Shore 
Protection Project- Brevard County, Florida 

-viP•wPil the above referenced project in accordance v;ith Section 106 of 
rilaition Act o()966, as amended, and 36 C.F.R., Part 800: Protection 

~Nation.71 Environmental Policy Act of 1969, as amended. The 
is to advise and assist federal agencies when identifYing 
architectural, and historical) listed, or eligible for listing, in 

Places, assessing the project's effects, an,! considering 
adverse effects. 

Site File and our records for information to define issues and 
referenced project. Our review indicates that the NN Shipwreck 

less than a mile north of the old Canova Beach Pier (see 
location of 8BR199 needs to be addressed and the area avoided by 

that the 7.6 miles of developed shoreline from the south end of Patrick 
north ofindialantic, a!k/a the "Mid-Reach," has never been subjected to a 

cultural resource assessment to determine whether any archaeological sites or historic properties 
are present. We further note that the location of the borrow areas for the alternatives of 
hydraulic beach fill and truck-haul beach fill and dune fill, are not identified. lfrhe borrow 
areas--whether terrestrial or offshore-have not been surveyed previously, they should be 
investigated. Therefore, and in consultation with Ms. Della Scott-Ireton, Undervater 
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Archeologist with our Bureau of Archaeological Research, this office recommends that a 
standard systematic remote sensing survey be performed for offshore borrow areas in order to 
avoid potential adverse effect to unrecorded shipwrecks. In addition, we recommend that 
terrestrial borrow areas be subjected to the standard professional cultural resource survey to 
avoid possible impact to unrecorded sites. This office looks forward to coordinating with the 
Jacksonville District Corps of Engineers in the management and protection of historic properties 
associated with this project. 

If there are any questions concerning our comments, please contact Janice Maddox, Historic 
Sites Specialist, by electronic mail at jmaddoxialdos.state.fl.us, or by telephone at 850/245-6333. 
Thank you for your interest in protecting Florida's historic properties. 

Sincerely, 

~'-'-~/-- !1_. ~~, ~ st+fD 

~ Fredei:lri!ci
1
k
1
f
1
Gj.r iaskqe,pirector, ~~cer 



FLORIDA DEP 
Kurt S. Browning 

Secretary of State 
DIVISION OF HISTORICAL RESOURCES 

Mr. Kenneth Dugger 
Jacksonville District Army Corps of Engineers 
P. 0. Box 4970 
Jacksonville, Florida 32232-0019 

Re: DHRNo.:2007-8113 
Received by DHR: October 25, 2007 

November 28, 2007 

Historic Assessment and Cultural Resources Survey of the Shoreline and Submerged 
Remote Sensing Survey and Diver Evaluation of the NN (No Name) Shipwreck Site 
(8BR199) Brevard County, Florida 

Dear Mr. Dugger: 

Our office received and reviewed the above referenced survey report in accordance "ith 
Section 106 of the National Historic Presen,ation Act of 1966 (Public Law 89-665), as 
amended in 1992; 36 C.F.R .. , Part 800: Protection of Historic Properties; and Chapter 267, 
Florida Statutes, for assessment of possible adverse impact to cultural resources (any 
prehistoric or historic district, site, building, structure, or object) listed, or eligible for listing, in 
the National Register of Historic Places (NRHP). 

From September 2006 through July 2007, Southeastern Archaeological Research (SEARCH) 
conducted an underwater remote sensing survey of the Brevard County beach renourishment 
project area, diver investigations of selected anomalies, and an archaeological and historical 
terrestrial survey of the beach access and staging areas on behalf of the U.S. Army Corps of 
Engineers. 

SEARCH identified 64 magnetic anomalies in the project area during the investigation. Of 
these, four were determined to be a storm drain outfall pipe and five are likely the remains of 
the Canova Beach Pier. SEARCH divers investigated six additional anomalies and detennined 
that all were buried deeply under the sand. Only two of these (BC-7 and BC-8) are likely to 
represent a historic shipwreck. SEARCH determined that, due to the depth of the materials and 
the nature of the proposed project, the proposed project will have no etrect on BC-7 and BC-8. 
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SEARCH was unable to relocate a previously recorded historic shipwreck, The No Name 
Wreck (8BR199). SEARCH determined that the proposed project will have no effect on 
cultural resources listed or eligible for listing in the NRHP, or otherwise of historical, 
archaeological, or architectural value. SEARCH recommends no further investigation of the 
project areas. 

Based on the information provided, our office concurs with these determinations and finds the 
submitted report complete and sufficient in accordance with Chapter IA-46, Florida 
Administrative Code. 

For future reports: 

1) Include the location where all project records will be curated. 

2) Cite informant interviews in the References Cited section. 

3) If the subbottom pro filer is not used for a remote sensing survey, please include an 
explanation of why that technology was not considered necessary for the investigation. 

For any questions concerning our comments, please contact April Westerman, Historic 
Preservationist, by electronic mail at amwesterman@dos.state.fl.us, or by phone at (850) 245-
6333. We appreciate your continued interest in protecting Florida's historic properties. 

Sincerely, 

~a· .Q P. G..a.~ ... ll,..... _ 
Frederick P. Gaske, Director, and 
State Historic Preservation Officer 



Mr. Kenneth Dugger 

FLORIDA DEPARTMENT OF STATE 
Kurt S. Browning 

Secretary of State 
DIVISION OF HISTORICAL RESOURCES 

Jacksonville District Army Corps of Engineers 
P. 0. Box 4970 
Jacksonville, Florida 32232-0019 

Re: DHR No.: 2008-00032 
Received by DHR: January 8, 2008 

January 14, 2008 

Final Report: Historic Assessment and Cultural Resources Survey of the Shoreline and 
Submerged Remote Sensing Survey and Diver Evaluation of the NN (No Name) 
Shipwreck Site (8BR199) Brevard County, Florida 

Dear Mr. Dugger: 

Our office received and reviewed the above referenced survey report in accordance with 
Section 106 of the National Historic Preservation Act of 1966 (Public Law 89-665), as 
amended in 1992; 36 C.F.R .. , Part 800: Protection of Historic Properties; and Chapter 267, 
Florida Statutes, for assessment of possible adverse impact to cultural resources (any 
prehistoric or historic district, site, building, structure, or object) listed, or eligible for listing, in 
the National Register of Historic Places (NRHP). 

From September 2006 through July 2007, Southeastern Archaeological Research (SEARCH) 
conducted an underwater remote sensing survey of the Brevard County beach renourishment 
project area, diver investigations of selected anomalies, and an archaeological and historical 
terrestrial survey of the beach access and staging areas on behalf of the U.S. Army Corps of 
Engineers. 

SEARCH identified 64 magnetic anomalies in the project area during the investigation. Of 
these, four were determined to be a storm drain outfall pipe and five are likely the remains of 
the Canova Beach Pier. SEARCH divers investigated six additional anomalies and detem1ined 
that all were buried deeply under the sand. Only two of these (BC-7 and BC-8) are likely to 
represent a historic shipwreck. SEARCH determined that, due to the depth of the materials and 
the nature of the proposed project, the proposed project will have no effect on BC-7 and BC-8. 
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SEARCH was unable to relocate a previously recorded historic shipwreck, The No Name 
Wreck (8BR199). SEARCH determined that the proposed project will have no effect on 
cultural resources listed or eligible for listing in the NRHP, or otherwise of historical, 
archaeological, or architectural value. SEARCH recommends no further investigation of the 
project areas. 

Based on the information provided, our office concurs with these determinations and finds the 
submitted report complete and sufficient in accordance with Chapter I A-46, Florida 
Administrative Code. 

For future reports: 

I) Include the location where all project records will be curated. 

2) Cite informant interviews in the References Cited section. 

3) If the subbottom pro filer is not used for a remote sensing survey, please include an 
explanation of why that technology was not considered necessary for the investigation. 

For any questions concerning our comments, please contact April Westerman, Historic 
Preservationist, by electronic mail at amwesterman@dos.state.fl.us, or by phone at (850) 245-
6333. We appreciate your continued interest in protecting Florida's historic properties. 

Sincerely, 

~0. Q ?. c;_ .... \1._. -

Frederick P. Gaske, Director, and 
State Historic Preservation Officer 



Florida Department of 
Environmental Protection 

Marjory Stoneman Douglas Building 
3900 Commonwealth Boulevard 
Tallahassee, Florida 32399-3000 

CERTIFIED - RETURN RECEIPT REQUESTED 

June 16, 2008 

Ernest N. Brown, Director 
Natural Resources Management Office 
Brevard County Board of County Commissioners 
2725 Judge Fran Jamieson Way, Building A 
Viera, FL 32940-6605 

c/o 

Kevin Bodge, Ph.D., P.E. 
Olsen Associates, Inc. 
4438 Herschel Street 
Jacksonville, FL 32210 

JCP File Number: 
Applicant Name: 
Project Name: 

Dear Mr. Brown: 

02544 79-00 1-JC 
Brevard County Board of County Commissioners 
Brevard County Mid-Reach Beach Restoration 

Charlie Crist 
Governor 

JeffKottkamp 
Lt. Governor 

Michael W. Sole 
Secretary 

The Department has calculated the final mitigation ratio for the anticipated hardbottom impacts 
associated with the Brevard County Mid-Reach Beach Restoration Project using the Uniform 
Mitigation Assessment Methodology (UMAM) according to Rule 62-345, F.A.C. For the 
anticipated 2.95 acres ofhardbottom impact, 4.8 acres of mitigation will be required, which is a 
ratio of approximately 1: 1.6. 

The mitigation acreage stated herein is based on information provided by the Applicant as well 
as the Department's knowledge of the site. The mitigation ratio has been calculated assuming 
that no changes are made to the application, and that the anticipated impacts are not exceeded. 
The Department is in the process of finalizing the UMAM spreadsheets, and can provide these to 
you once this process is complete. If you have any questions, please contact Ms. Caitlin Lustic 
at (850) 413-7766. 

"More Protection, Less Process" 
www. dep.state.jl. us 
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Copies furnished to: 

Virginia Barker, Brevard County 
Irene Sadowski, USACE, CESAJ-RD-NA-M 
George Getsinger, NOAA/NMFS, Jacksonville 
AnnMarie Lauristen, USFWS, St. Petersburg 
Dave Herbster, DEP, Central District 
Vladimir Kosmynin, DEP, BBCS-JCP 
Paden Woodruff, DEP, BBCS-BECP 
BBCS Permit File 

Sincerely, 

';!LLf/~ 
Michael R. Barnett, P.E., Chief 
Bureau of Beaches and Coastal Systems 

Mike McGarry, Brevard County 
Osvaldo Rodriguez, USACE, CESAJ-DP-B 
Robbin Trindell, FWC, ISMS 
Keith Mille, FWC, MFMS 
Martin Seeling, DEP, BBCS-JCP 
Robert Brantly, DEP, BBCS-CE 
Guy Weeks, DEP, BBCS-BECP 
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INTERAGENCY COORDINATION AGREEMENT 
FOR CIVIL WORKS PROJECTS 

FLORIDA DEPARTMENT OF ENVIRONMENTAL PROTECTION 
UNITED STATES ARMY CORPS OF ENGINEERS JACKSONVILLE DISTRICT 

UNITED STATES ARMY CORPS OF ENGINEERS MOBILE DISTRICT 

I. Parties, Purposes and Goals 

A Parties: Florida Department of Environmental Protection (FDEP), United States Army 
Corps of Engineers Jacksonville District (SAJ), and United States Army Corps of 
Engineers Mobile District (SAM). SAJ and SAM shall jointly be known as the Corps. 

B. Common Vision: Mutual recognition of the environmental and economic benefits to 
the State of Florida and the nation associated with planning, designing, constructing, 
and operating Federal water resource projects that are consistent with Federal law and 
th~ State of Florida's environmental regulatory and proprietary requirements. 

C. Goals: 
1. Work together cooperatively within the Corps' schedules and budgets and the 

state's statutory and rule timeframes and requirements during project development 
and throughout the project lifecycle, to develop and review project designs and 
process permit applications. 

2. Provide quality service to the taxpayers through the planning and implementation of 
environmentally sound public works projects and environmental protection and 
restoration programs. 

3. Fully satisfy appropriate environmental standards and requirements applicable to 
Corps public works activities covered by this agreement. 

D. Objectives: 
1. Establish and maintain close, professional partnership. 
2. Establish better integration of Corps civil works processes with FDEP regulatory, 

Sovereignty submerged lands, and Coastal Zone Management (CZM) requirements. 
3. Implement effective project coordination at early stages of project development. 
4. Streamline application submittal and processing requirements. 
5. Establish a clear understanding of criteria and parameters for development of 

specific conditions. 
6. Meet mutual expectations with regard to business processes and regulatory 

requirements. 

II. Acknowledgements 



A. The Corps agrees to apply for and the FDEP is responsible for taking action on the 
following permits: 

1. Joint Coastal Permits (JCPs) issued pursuant to Ch. 161 and Part IV ofCh. 373, F.S. 
2. Comprehensive Everglades Restoration Plan Regulation Act (CERPRA) permits 

issued pursuant to Section 373.1502, F.S. 
3. Lake Okeechobee Protection Act Permits (LOPA) issued pursuant to Section 

373.4595, F.S. 
4. Environmental Resource Permits (ERPs) and Wetland Resource Permits (WRPs) 

processed by FDEP pursuant to Part IV ofCh. 373, F.S. 

B. For the purposes of this agreement, the term "permit" or "permits" means one of the 
permit types referenced in Section II. A., the issuance of which constitutes the granting 
of water quality certification and concurrence with the CZM program. Issuance of such 
Joint Coastal Permits, Comprehensive Everglades Restoration Plan Regulation Act 
Permits, Lake Okeechobee Protection Act Permits, Environmental Resource Permits 
and Wetland Resource Permits constitutes certification of compliance with state water 
quality standards pursuant to Section 401 ofthe Clean Water Act, 33 U.S.C. Section 
1341, and where applicable constitutes a finding of consistency with Florida's Coastal 
Zone Management Program, as required by Section 307 of the Coastal Management 
Act, 16 U.S.C. Section 1456, 15 C.F.R. Part 930, and Section 380.23 ofthe Florida 
Statutes. 

C. The Corps is engaged in its mission in Florida, which includes activities for which water 
quality certification is required pursuant to 33 U.S.C. Section 1341. 

D. The Corps considers its mission in Florida to include the requirement to be consistent to 
the maximum extent practicable with the Florida Coastal Zone Management Plan under 
16 U.S.C. Section 1456, as defined by 15 C.F.R.§930.32, in accordance-with Corps 
regulations at 33 C.F.R. Parts 335-337. It is the Corps' position that the state can 
impose reasonable conditions on water quality certification, consistency concurrence, 
and other required permits. The Corps contends that "reasonableness" is defined by a 
comparison to a "Federal standard," which is the least costly environmentally 
acceptable alternative consistent with engineering requirements established for the 
project. Pursuant to Corps regulations, the District Engineer will cooperate to the 
maximum extent practicable to achieve consistency to the maximum extent practicable 
with an approved coastal zone management program. 33 CFR 337.2(a). Corps 
regulations provide that the District Engineer may request the State or local sponsor to 
pay for costs above the Federal standard. If a state agency attempts to impose 
conditions or controls which in the District Engineer's opinion cannot be reasonably 
accommodated or requires additional conditions or activities above that required for the 
Federal standard, the project may be referred to Corps headquarters with deferral likely. 
See 33 CFR § 335-338. 

E. FDEP contends that 33 CFR § 335-338, which includes the "Federal standard", cannot 
apply to consistency determinations under the CZMA, and disagrees that there is a 
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"reasonableness test" different from or in addition to the requirements of the CZMA 
and NOAA's implementing regulations, which require that the COE comply with the 
CZMP to the maximum extent practicable, as defined by 15 C.F.R.§ 930.32. FDEP also 
contends that there is no "irreconcilable conflict" test apart from the requirements of the 
CZMA and NOAA's implementing regulations. 

F. Pursuant to Florida Statute 403.061 ( 4 ), during the feasibility phase of a project, the 
FDEP's Office of Intergovernmental Programs serves as the Florida State 
Clearinghouse for CZM review. The Clearinghouse solicits and coordinates comments 
from other agencies and regulatory programs within FDEP for the preliminary CZM 
consistency determination. Once a permit application is submitted, the FDEP's 
regulatory program coordinates the CZM review. The FDEP regulatory program 
solicits and coordinates comments from other agencies and other programs within 
FDEP for the final CZM consistency determination, which is granted as part of the 
permit. As stated in II D. above, the Corps agrees to comply with reasonable comments 
and requirements of the commenting agencies to the maximum extent practicable, as 
defined by 15 C.F.R. § 930.32, and 33 CFR § 335-338 unless to do so creates an 
irreconcilable conflict with the Corps' view of its federal responsibilities. 

G. It is the intent of the parties to coordinate with all involved federal and state agencies to 
determine if there are mutually acceptable alternatives that would avoid an 
irreconcilable conflict with the Corps' interpretation of its federal responsibilities. The 
parties agree that conditions that are inconsistent with the Corps' view of its Federal 
responsibilities shall not be imposed in FDEP permits, but rather, a permit application 
will be denied and the denial will include alternatives, if any, that would make the 
project consistent with state requirements. Nothing in this agreement will be construed 
to imply that the State will issue a permit that does not comply with State requirements. 

H. The parties recognize that the provisions of Section 404(r) ofthe Clean Water Act could 
be used for projects with National Environmental Policy Act (NEPA) documents which 
are approved by Congress. For a project authorized under 404(r), the COE is not 
required to obtain water quality certification from the state. However, it is not current 
Corps policy to avail itself of the provisions of 404(r). The parties will make all 
reasonable efforts to avoid the use of the provisions of 404(r) but recognize that the 
Corps may consider it necessary in certain cases. 

I. All parties maintain positions regarding their authority and sovereign immunity and do 
not waive their respective positions by entering into this agreement. 

J. Nothing in this agreement will be construed to imply that the State waives any rights it 
has to mediation or judicial challenge regarding any requirement under the CZMA. 
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III. Early Project Coordination 

A. General 

1. It is the intent of the parties to coordinate with all involved federal and state agencies 
to determine if there are mutually acceptable alternatives that would avoid an 
irreconcilable conflict between the State's view of Federal and state requirements 
and the Corps' view of its federal responsibilities. The goal of including all project 
requirements into the planning documents and plans and specifications is critical to 
the success of the parties' respective missions. 

2. The parties agree that early participation by, and close coordination among the U.S. 
Fish and Wildlife Service (USFWS), the National Marine Fisheries Service 
(NMFS), and the Florida Fish and Wildlife Conservation Commission (FFWCC) on 
listed species protection measures recommended for proposed projects is critical to 
the success of the parties' respective missions. The parties agree to promote and 
facilitate such participation and coordination in order to avoid conflicts between 
federal and state requirements, to the extent possible within the responsibilities and 
capabilities of the parties. It is the intent of the parties to coordinate with all federal 
and state agencies to determine if there are mutually acceptable alternatives that 
would avoid an irreconcilable conflict. 

3. As previously stated in II D., the Corps complies with Federal law with regard to 
protected species and agrees to consider input from and to comply with reasonable 
requirements of the Florida Fish and Wildlife Conservation Commission for 
consistency with the FCMP to the maximum extent practicable to the extent that to 
do so would not create an irreconcilable conflict with the Corps' view of its federal 
responsibilities. 

4. The parties agree to work to identify other agencies that are a part of Florida's 
Coastal Management Program that may have a heightened interest in a particular 
project (such as Department of Agriculture and Consumer Services with respect to 
CERPRA and LOPA projects) early in project development and to promote and 
facilitate coordination and participation of such agencies to the extent possible 
within the responsibilities and capabilities of the parties. 

5. The parties, within their respective authorities and funding allocations, shall ensure 
that, for Joint Coastal Permits, beach compatible dredged material is disposed on 
Florida's beaches to the extent economically feasible consistent with Florida's 
beach management plan adopted pursuant to Chapter 161 F.S. and other beneficial 
uses criteria as may be specified by the FDEP and applicable federal standards. To 
further the parties' goals for sediment management, the Corps shall provide the 
FDEP with geotechnical information characterizing the sediments to be dredged and 
alternative disposal options with projected costs to allow the FDEP to participate in 
funding alternative disposal options over the least costly method. 
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6. The goal for obtaining required permits from the State is one year prior to the 
expected start of the work. 

B. NewWork 

This category of work includes any new project being considered for Federal 
Involvement. The process normally begins with a series of studies, including 
reconnaissance and feasibility studies, to determine if Federal involvement is 
warranted. Project design can begin after the Federal interest is determined. Each 
project with a Federal interest is also authorized in public law. Construction can begin 
after the project is authorized (and needed permits are obtained). Project operation and 
maintenance (O&M) commences when construction is completed. The responsibility 
for O&M varies from Federal to local depending upon the project type. Navigation 
projects are typically federally maintained while flood control projects are typically 
locally maintained. 

1. Reconnaissance Phase (Applies to ERP, WRP, and JCP) 

Under this phase, there is a reconnaissance study which includes tasks to determine 
if a proposed project has sufficient merit to warrant moving into more detailed 
studies prior to authorization of the project. The study includes reconnaissance and 
assembly of the Project Management Plan (PMP). Reconnaissance is designed to 
compile the best input in the shortest amount of time. At its conclusion, all potential 
issues that may derail a project should be identified. Participation by the State is 
critical to help identify these issues. 

a) At the initiation of the reconnaissance phase the Corps will contact appropriate 
persons on the contact list (Appendix A) for initial input on the proposed 
activity. The State will identify any critical issues over which the state has 
authority to the Corps project manager. 

b) The Corps will include all comments in the Draft Reconnaissance (905b) 
Report. 

c) A copy of the draft report will be sent to all contacts to ensure their issues are 
accurately captured. 

d) A copy of the draft report will be provided to the state clearinghouse for 
interagency review 

2. Project Management Plan 

The Project Management Plan (PMP) lists all the activities which are required to 
complete the feasibility phase. Examples of activities are cultural resource surveys, 
endangered species reports, and seagrass surveys. The PMP has cost estimates, time 
estimates and identifies who performs the activities. It is critical for the State to 
participate in its formulation to ensure its issues are fully explored and that any 
requirements are included prior to funding. 
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a) The Corps will include the issues raised by the State in the "issue gathering" 
phase when planning activities under the PMP. 

b) A template of a typical PMP is included under Appendix B. 
c) The Corps will provide a copy of the current PMP to the contact person at 

FDEP. 

3. Feasibility Phase 

The feasibility phase continues the study process to determine Federal Interest in 
construction of a project. The study efforts include gathering a significant amount 
of information for engineering, environmental, and economic analysis. The 
National Environmental Policy Act (NEP A) document is prepared during this phase 
and is normally incorporated as part of the feasibility report. The entire report is 
coordinated with the public and numerous Federal, State, and Local agencies. The 
Project Implementation Report (PIR) phase serves the same function for CERP 
projects as the feasibility phase. 

The State has three mechanisms under which they may participate in this early 
coordination including the Feasibility Study scoping letter, serving as a Project 
Delivery Team (PDT) member( s) and serving as a cooperating agency under NEP A 

a) The Corps will send a Feasibility Study scoping letter to the State 
Clearinghouse. The State Clearinghouse will provide comments upon receipt of 
the letter. The Corps will include a copy of the reconnaissance study in the 
scoping letter when possible. 

b) The State agrees to designate a member to serve on the PDT. Members will be 
encouraged to attend team meetings when possible, comment on interim 
products when possible, and express any concerns on resource or regulatory 
issues. At a minimum State PDT members agree to participate in Feasibility 
Scoping Meetings (FSM) and the Alternative Formulation Briefings (AFB). 

c) As an additional option the state may elect to be a cooperating agency under 
NEP A. This will entail attendance at the scoping meeting, in progress reviews 
on portion(s) of the NEP A document (Environmental Assessment 
(EA)/Environmental Impact Statement (EIS)), input into project descriptions 
and alternatives, comments on draft EIS, comments on a response matrix and on 
the draft EIS and final EIS. 

It is the goal of the Corps to submit the permit application when the Draft NEPA 
document is completed. The draft NEPA document will contain the preferred 
alternative which will form the basis of the permit application. At the conclusion of 
the feasibility phase the final NEP A document is approved and a decision document 
is written (Finding ofNo Significant Impact/Record of Decision). 

It is the ultimate goal to obtain the State authorizations which constitute Water 
Quality Certification and Coastal Zone Management concurrence when the decision 
document is completed at the Corps District level. It is recognized that receipt of a 
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permit during this part of the Federal process may result in the need to apply for a 
permit modification at a later date due to changes to the project. 

4. Design Phase 

This phase focuses on preparation of plans and specifications which take into 
account all pertinent issues identified in the feasibility phase and permitting 
requirements, and will contain more detailed information on geotechnical data and 
various required surveys. Occasionally additional studies will need to be done at the 
request of sponsors, due to the discovery ofunknown site conditions, or 
reevaluations that occur due to new technology. 

Plans and specifications will be provided to all state PDT members. Differences 
between plans and specifications and a permitted project will be identified by the 
Corps and the Corps will notify FDEP when there are changes in: 

a) Plans for operation of facilities such as water control structures 
b) Dimensions, size or location of proposed work 
c) Ability to adhere to permit conditions 
d) Project Description included in the permit 
e) Monitoring plans 
f) Environmental impacts 

If the FDEP determines that a modification to the permit is required, then the Corps 
shall apply for and obtain the modification. FDEP approval of the modification 
shall be obtained prior to implementing the change, unless the change is determined 
by the FDEP to reduce the scope of work from that authorized under the original 
permit, and will not affect compliance with permit conditions or monitoring 
requirements. 

If the FDEP determines that a modification would affect the consistency 
concurrence of a partner FCMP agency, the partner agency's concurrence with the 
modification will be required. 

Communication between the Corps and FDEP will occur during the design phase 
through participation in the PDT, and plans and specifications sent to PDT members 
via electronic means such as CDs, email, phone, or letters when appropriate. 

5. Construction Phase 

During the construction phase unforeseen site conditions or other environmental 
conditions may require that modifications to permits be obtained. The parties 
recognize that there are significant costs whenever the Corps requests a 
modification during the construction phase. The FDEP and the Corps will expedite 
the processing of modifications to the extent possible. 
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Plans and specifications will be provided to all state PDT members. Differences 
between plans and specifications and a permitted project will be identified by the 
Corps and the Corps will notify FDEP when there are changes in: 

a) Plans for operation of facilities such as water control structures 
b) Dimensions, size or location of proposed work 
c) Ability to adhere to permit conditions 
d) Project Description included in the permit 
e) Monitoring plans 
f) Environmental impacts 

lfthe FDEP determines that a modification to the permit is required, then the Corps 
shall apply for and obtain the modification. FDEP approval of the modification 
shall be obtained prior to implementing the change, unless the change is determined 
by the FDEP to reduce the scope of work from that authorized under the original 
permit, and will not effect compliance with permit conditions or monitoring 
requirements. 

If the FDEP determines that a modification would affect the consistency 
concurrence of a partner FCMP agency, the partner agency's concurrence with the 
modification will be required. 

C. Operations and Maintenance Projects 

Projects included under this category include, for example, maintenance dredging of 
federal channels and revision of regulation schedules for lakes, canals, and structures. 
Procedures similar to those described above in Section III.B.5. Construction Phase will 
apply for renewal of state permits (water quality certification and certification of 
consistency with the State CZMP) for existing Operations and Maintenance projects 
with no new project features or significant changes in operation and maintenance 
activities. Application for renewal of the state permit for a routine Operations and · 
Maintenance project would be submitted one year prior to expiration of the current 
State permit, with the goal to obtain the renewal permit prior to expiration of the current 
State permit. 

Procedures similar to those described above in Sections III.B.3, Feasibility Phase and 
III.B. 5. Construction Phase would apply to Operations and Maintenance projects with 
new project features or significant changes in project operations and maintenance 
activities. The level of reporting documentation, e.g. Post Authorization Change Report 
with Congressional approval, PAC with higher level Corps approval, revision to a 
Dredged Material Management Plan, revision to an Operational Manual, modification 
of the permit, etc., would be determined depending on the specifics ofthe change. 
Regardless of the level of reporting documentation, the Corps will involve the FDEP at 
the earliest stage of planning to define the issues of concern as described in Section 
III.B.3. 
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IV. Permit Application Fees 

The Corps contends that the requirement to pay permit application fees is dependent on 
whether the specific federal law that waives sovereign immunity and requires the Corps to 
obtain a particular type of permit also waives sovereign immunity as to fees. The parties agree 
that the Corps will pay permit application fees as follows: 

Permit Type Corps To Pay Application Fee 
Joint Coastal Permits issued puisuant to Ch. !: No 
161 and Part IV ofCh. 373, F.S1. " 

• .·· 
Comprehensive Everglades Restoration ,Plan 

.I 

No 
Regulation Act permits issued pursuant to ., 

Section 373.1502, F.S. 
Lake Okeechobee Protection Act Permits i! No 
issued pursuant to Section 373.4595, F.S. 

I 

Environmental Resource Permits and Wetlana No 
Resource Permits pursuant to Part IV of Ch. 
373, F.S. ' . 

*NPDES Generic Permit for Stormwater Yes 
Discharges From Large and Small 
Construction Activities pursuant to 403.088~~ 

F.S. I 

*NPDESDischarge Permits pursuantto Yes 
403 .0885, F.S. il ' 
*Underground Injection Control Permits (for :: Yes 
aquifer storage and recovery) pursuant to 
403.087, F.S. !i 

*Air Pollution Control Permits Pursuant to jl 
1 Yes 

403.087, 403.0872, 403.08725, F.S. 
*Solid Waste Disposal Permits pursuant to Yes 
403.704(16), 403.707_11), F.s~ 
*Hazardous Waste Disposal Permits pursuant Yes 
to 403.722(1), F.S. 

* This agreement does not specifically address these permitting programs, but this information 
is included here for completeness. 

V. Permit Application Submittal and Review 

A. The parties agree to communicate and coordinate on the anticipated submittal dates of 
applications. To this end, the Corps agrees to provide FDEP a list of project 
applications expected to be submitted in the next year, along with the desired date of 
receipt of the permit. The list shall be updated at least monthly. 
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B. The Corps agrees to make every effort to submit permit applications that are well 
organized, clear and complete in order to facilitate timely and efficient review by 
FDEP. 

C. FDEP recognizes that engineering drawings and analysis submitted by the Corps as part 
of a permit application are not subject to the Florida's statutory requirement that the 
information be signed and sealed by a professional engineer (P.E.) registered in the 
State of Florida. However, the engineering documents including permit drawings shall 
be signed, and may be sealed, by a P.E. registered in any state. Professional certification 
may be required for other portions of the permit application. 

D. The Corps shall make every attempt to submit, as part of the application, the specific 
requirements that will be included in the plans and specifications for the project (for 
example, standard specifications) as a method for providing FDEP with the necessary 
reasonable assurances. 

E. The parties agree that it shall be a goal to minimize requests for additional information 
(RAJ). The parties agree that communication by phone or e-mail will be used as 
appropriate to resolve minor informational issues that do not warrant a formal RAJ. 

F. Weekly or biweekly teleconferences may be held with SAJ and SAM to review and 
discuss active permit applications. 

G. The parties acknowledge that for Corps maintenance dredging projects the Corps 
performs preconstruction bathymetric surveys shortly before actual construction and 
that these surveys may not be available at the time of application for water quality 
certification. The Corps will send preconstruction surveys prior to the start of 
construction. 

VI. Permit Condition Principles 

A. General 

1 Notwithstanding the different positions reflected in II. D and E. above, the parties 
agree to work together in good faith in an attempt to resolve any issues concerning 
permit conditions. The parties agree to follow the dispute resolution procedures 
contained in this agreement prior to referral to Corps headquarters 

2. The parties agree that the state and the Corps have an interest in protecting resources, 
and agree to work together to agree to mutually acceptable resource provisions 
related to the project that do not conflict with federal laws. Where necessary, the 
parties will work with federal resources agencies concerning appropriate resource 
protections. 

3. In the event of a disagreement regarding the acceptability of certain state 
requirements for a federal project, the parties recognize that a local sponsor may 
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agree to resolve the dispute by accepting responsibility for meeting such 
requirements. The parties acknowledge that the Corps' position is that it cannot cost 
share in requirements agreed to by the local sponsor in a separate agreement with 
FDEP that is not also part of the permit. 

B. Specific Parameters for Permit Conditions 

The parties agree that brand name restrictions, e.g. for equipment or materials used, 
are generally not acceptable but may be included if the parties agree that 
specification of a brand name is necessary and appropriate and consistent with 
F ederallaw. 

? The parties agree that permit conditions should not require the use of a specific 
contractor or provider of services or supplies. 

3. The parties agree that conditions will not require specific licensing of Federal 
contractors. 

4. The parties agree that they will strive to avoid requirements for specific 
methodology or equipment (such as requiring the use of a cutter head dredge) in 
order to allow flexibility in the Corps bidding process; however, the parties 
recognize that there may be situations in which the prohibition of specific 
equipment may be acceptable. 

5. As stated in II.D. above, the Corps agrees that permit conditions requiring 
reasonable monitoring and testing are generally acceptable. 

6. The parties agree that anchorage restrictions should be specifically tailored to 
resources to be protected (known hard bottoms, sea grass areas, etc.) and are 
generally acceptable conditions; however, restrictions on anchoring outside ofthe 
project limits will be reviewed on a case-by-case basis. (For example, depending 
on methodology, channel dredging usually requires anchorage outside the channeL) 

7. As stated in II.D. above, the Corps recognizes that reasonable restrictions on hours 
of operation may impact project costs but are generally acceptable conditions. 

8. As stated in II.D. above, the Corps agrees that reasonable lighting restrictions are 
generally acceptable conditions within project boundaries. 

9. The Corps agrees that conditions requiring aerial over-flight for environmental 
protection are acceptable to the extent the Corps contends is allowed by Federal 
standards. (For example, Federal Aviation Administration and the Department of 
Homeland Security may regulate such flights.) 

10. The parties acknowledge that permit conditions that address direct and indirect 
effects outside of project boundaries due to the construction, operation or 
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maintenance of the project may be appropriate. The parties acknowledge that 
conditions that require work outside of project boundaries may not be within the 
control of the Corps or may be outside the scope ofthe Corps' authority. 

11. If any conditions required by the State prompt safety concerns, the Corps will 
provide justification to support their request that the condition be modified. The 
parties commit to work together to resolve the conflict. 

12. The parties agree that early coordination should eliminate the need for conditions 
requiring notice to proceed from the state prior to construction and agree to avoid 
such conditions. 

C. General Conditions 

The parties agree that the general conditions in Appendix C shall be included in permits 
issued to SAM or SAJ. These conditions shall be enforceable to the extent sovereign 
immunity has been waived under Federal law. 

VII. Operating Permits 

The parties recognize that some Corps projects include the construction of structures that will 
require long-term operation and maintenance. In most cases an entity other than the Corps, 
usually the local sponsor, will have the responsibility for long term operation and maintenance. 
For these projects, one of the following approaches may be taken: 

A. The Corps and the local sponsor may be co-applicants for the permit. The conditions of 
the subsequently issued permit shall clearly indicate which activities are the 
responsibility of the Corps and which are the responsibility of the local sponsor; or 

B. The Corps may be the permittee, and the permit shall contain a condition that requires 
that the permit be transferred to the appropriate operation and maintenance entity 
following project construction. 

C. Separate permits may be issued to Corps (construction) and the local sponsor (operation 
and maintenance). Ideally, both permit applications would be applied for at the same 
time. 

The parties recognize that operations must meet Federal requirements, and the state, Corps and 
local sponsor are encouraged to work together to ensure that conflicts are resolved prior to 
issuance of the operating permit. 
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VIII. Sovereignty Submerged Lands: 

A. It is the Corps' position that no authorization to use sovereignty submerged lands is 
required for the projects it constructs because of navigation servitude which extends 
to its civil works projects under the commerce clause. 

B. The state concurs that certain projects constructed by the Corps in the State of Florida 
(navigation, flood control, and power generation) fall within one of the federal powers 
listed in the Sovereign Submerged Lands Act under 43 USC 1311 (d) or 43 USC 1314, 
and, under those provisions, needs no authorization from the Board of Trustees to 
utilize sovereignty submerged lands. However, under the provisions of the Coastal 
Zone Management Act (16 USC 1451-1465), the state's position is that this activity 
requires Florida's concurrence with a determination of consistency with the 
sovereignty submerged lands provisions of Florida's approved Coastal Management 
program prior to Federal approval of the proposed activity. For these projects, the 
state shall include a determination of the consistency with the sovereignty submerged 
lands provisions of Florida's approved Coastal Management program in permits 
issued for Corps projects. 

C. For projects not covered in B. above, such as beach restoration and nourishment, it is 
the FDEP's position that the appropriate form of consent of use is required. Without 
waiving their respective positions, the parties agree that authorization to use 
sovereignty submerged lands may be issued to the project local sponsor. The parties 
recognize that the Corps is concerned that no additional costs be imposed on the 
Corps, or on the local sponsor that the Corps would be required to cost-share, as part 
of the authorization. The Corps is also concerned that no additional conditions will be 
imposed on the federal project or which will interfere with the requirements for local 
cooperation imposed by federal law on the local sponsor. The intent ofthe parties is 
that the state submerged lands process, to the maximum extent allowable under 
applicable laws, will not add additional cost or time to the process. Nothing in this 
paragraph waives the state's rights under the Coastal Zone Management Act. 

D. The parties recognize that the State's interests in submerged lands include tracking 
what submerged lands are being used in order to avoid conflicting uses by other 
parties. The Corps agrees to provide the State the information the State needs in an 
agreed upon format. 

IX. Compliance and Enforcement 

A The parties have a mutual interest in protecting environmental resources. Where 
sovereign immunity has been waived by Congress, State permit and CZMA 
conditions are part of the Congressional intent to protect those resources. In addition, 
the parties recognize that non-compliance with permit conditions has resulted in 
significant adverse environmental impacts and problems in obtaining permits for 
subsequent projects. Non-compliance can lead to imposition of more extensive, time
consuming or expensive permit conditions on subsequent projects, or permit denial. 
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B. In furtherance of the parties' mutual goals, the Corps agrees that it will monitor 
performance of its contractors for compliance with state permit conditions, and will 
use all contractual means available to it to ensure compliance with both permit 
conditions and any corrective actions required by the Corps or FDEP. 

C. If non-compliant activities are observed at the project site by either FDEP or the 
Corps, the other entity shall be notified by phone or e-mail as soon as practicable. 

D. During the Corps' responsibility determination for prospective contractors, the Corps 
will coordinate with both the Corps project managers and FDEP about the 
contractor's past performance in complying with FDEP permit conditions and taking 
any corrective action required by the Corps or FDEP. The Corps will consider such 
comments in its determination of responsibility. The Corps will include appropriate 
provisions in the bid package informing contractors. 

E. On contracts where past performance is an evaluation factor, the Corps will ask both 
the Corps project managers and FDEP for past performance of contractors in 
complying with FDEP permit conditions, and taking any corrective action required by 
the Corps or FDEP. The Corps will consider such comments in its evaluation of past 
performance of prospective contractors. The Corps will include appropriate 
provisions in the bid package informing contractors. 

F. Contractor performance will be considered in rating Quality of Work, Contractor 
Quality Control, Effectiveness of Management, and any other applicable element of 
contractor performance that is rated. Unsatisfactory performance on one or more of 
the elements to be rated may be sufficient to justify an overall unsatisfactory rating. 

G. When subcontractors receive a performance rating, the Corps agrees to follow the 
same procedures for subcontractors. 

H. The Corps agrees, and may state in its specifications, that the Corps may not issue its 
final performance evaluation of the contractor until it has consulted with Corps 
project managers and FDEP on the contractor's compliance with FDEP permits or 
any corrective actions required by the Corps or FDEP for violations of permit 
conditions. 

I. The Corps agrees, and may state in its specifications, that the contractor's failure to 
comply with FDEP permit conditions, or to take the corrective action required by 
FDEP or the Corps, may be considered as a basis for an unsatisfactory performance 
rating. 

J. The Corps ofEngineers agrees that federal law waives sovereign immunity for certain 
state penalties for Underground Injection Control (aquifer storage and recovery), Air 
Pollution Control, Solid Waste Disposal, Hazardous Waste Disposal, the state's 
NPDES Stormwater programs for Point Sources for Construction Activities, and the 
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State's NPDES permits where applicable. The Corps' position is that the extent of 
liability for penalties depends on the exact language ofthe federal law waiving 
sovereign immunity for penalties in that area. 

K. The standard federal Permits and Responsibilities clause, required in all federal 
contracts, provides that: "The Contractor shall, without additional expense to the 
Government, be responsible for ... complying with any Federal, State, and municipal 
laws, codes, and regulations applicable to the performance of the work." The Corps' 
position is that this contract clause does not waive sovereign immunity of the federal 
government itself. However, the Corps also agrees that under this contract clause, 
federal contractors are liable for penalties for violations of State permit conditions. 

L. The Corps agrees to include in its bid package and contract documents a provision 
advising prospective contractors that failure of any subcontractor to comply with any 
permit condition for the purposes of this section or perform any required corrective 
actions may be deemed to be a failure of the contractor to supervise the work and 
comply with the Permits and Responsibilities Clause. 

X. Staff Training 

A The parties agree to train their respective staffs on the provisions of this agreement 
within 90 days of its execution. 

B. The parties commit to training each other's staff on agency processes and policies to 
promote a better understanding of each other's requirements and limitations. 

XI. Dispute Resolution 

The parties will use the specific dispute resolution agreement, if any, applicable to that work, 
or, if there is none, then the provisions of this paragraph. 

If disputes arise during the permitting coordination outlined in this agreement, the parties shall 
make all efforts to resolve the dispute at the staff level. If resolution is not reached, the issue 
shall be elevated within the FDEP and the Corps to the next supervisory level until the dispute 
is resolved. If an issue has not been resolved after involving the highest level staff, the issue 
shall be raised to the Secretary ofFDEP and the appropriate Corps District Engineer. The 
parties may also use dispute resolution mechanisms as provided by law. 

XII. Superseded Agreements 

This Agreement supersedes the Standard Operating Procedure Related to Corps Coastal 
Activities between the United States Army Corps of Engineers and the State ofFlorida 
Department ofEnvironmental Protection, dated June 5, 1998. 

The parties recognize that as of the effective date of this agreement, many Corps Civil works 
projects are in various stages of development and permitting. For these projects the parties 
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agree that the provisions of this agreement will be implemented to the greatest extent 
practicable. 

XIII. Effective Date 

This Agreement shall become effective upon execution by all parties. 

XIV. Termination 

Any party to this Agreement may terminate, with or without cause, its participation hereunder 
by giving 60 days written notice to all parties. In the event of termination by FDEP, the Corps 
waives any right to an administrative hearing under Sections 120.569 or 120.57, F.S. 

Signatures 

olleen M. Cas lle, Secretary 
Department of Environmental Protection 
State ofFlorida 

~ul!,cJa>6 
Date 

d?~ 01? r-;6 L/C. 
Robertflt. Carpenter Date 
Colonel, Corps ofEngineers 
District Engineer, US Army Engineer District Jacksonville 

J/4l£L 
Colonel, Corps ofEngineers 
District Engineer, US Army Engineer District Mobile 

Appendices: 

Appendix A: List of Contacts with the State ofFlorida 
Appendix B: Project Management Plan Format 
Appendix C: General Conditions 
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Appendix A: List of Contacts with the State of Florida 



Telephone 
Activity Type Geographical Area Responsible Office Contact Name Contact Title Number E-mail Mailing Address 

Office of was & Special 
CERP Any County Projects Temperince Morgan Envir. Manager 850-245-8424 Temperience.Morgan@dep.state.fl.us 

Office of was & Special 
LOPA Any County Projects Temperince Morgan Envir. Manager 850-245-8425 Temperience.Morgan@dep.state.fl.us 

Office of was & Special 
Kissimmee River Any County Projects Temperince Morgan Envir. Manager 850-245-8426 Temperience.Morgan@dep.state.fl.us 
SF Restoration Office of was & Special 
Project Any County Projects Temperince Morgan Envir. Manager 850-245-8427 Temperience.Morgan@dep.state.fl.us 

Bureau of Beaches and Coastal 3900 Commonwealth Blvd. M.S. 
Beach Restoration Any County Systems Michael Barnett Bureau Chief 8~Q 4!l!l-7ZO!l Michael. Barnett@dep.state. fl.us 300 Tallahassee, FL 32399-3000 

Bureau of Beaches and Coastal 3901 Commonwealth Blvd. M.S. 
Beach Renourishmen Any County Systems Michael Barnett Bureau Chief 8~Q 48!l-770!l Michaei.Barnett@dep.state.fl.us 300 Tallahassee, Fl 32399-3000 

Bureau of Beaches and Coastal 3902 Commonwealth Blvd. M.S. 
Deep Water Ports · Any County Systems Michael Barnett Bureau Chief 850 488-77Q!l Michaei.Barnett@dep.state.fl.us 300 Tallahassee, FL 32399-3000 

Bureau of Beaches and Coastal 3903 Commonwealth Blvd. M.S. 
Inlet Work .. Any County Systems Michael Barnett Bureau Chief 850 488-770!1 Michaei.Barnett@dep.state.fl.us 300 Tallahassee, FL 32399-3000 
Other Dredging and Envir. 160 Governmental Center 
Restoration Escambia Northwest District Main Office Connie Lasher Administrator 850-595-8300 Connie.lasher@dep.state.fl.us Pensacola, Fl 32502 
Other Dredging and Envir. 162 Governmental Center 
Restoration Santa Rosa Northwest District Main Office Connie Lasher Administrator 850-595-8302 Connie.Lasher@dep.state.fl.us Pensacola, FL 32502 
Other Dredging and Envir. 165 Governmental Center 
Restoration Okatoosa Northwest District Main Office Connie Lasher Administrator 850-595-8305 Connie.Lasher@dep.state.fl.us Pensacola, FL 32502 
Other Dredging and Envir. 166 Governmental Center 
Restoration Watton Northwest District Main Office Connie Lasher Administrator 850-595-8306 Connie.Lasher@dep.state.fl.us Pensacola, FL 32502 
Other Dredging and Envir. 169 Governmental Center 
Restoration Holmes Northwest District Main Office Connie Lasher Administrator 850-595-8309 Connie.Lasher@dep.state.fl.us Pensacola, FL 32502 
Other Dredging and Environmental 2353 Jenks Avenue 
Restoration Bay Pamana City Branch Office Diana Athnos Manager 850-872-4375 Diana.Athnos@dep.state.fl.us Panama City, FL 32405 
Other Dredging and Environmental 2356 Jenks Avenue 
Restoration Washington Pamana City Branch Office Diana Athnos Manager 850-872-4378 Diana.Athnos@dep.state.fl.us Panama City, FL 32405 
Other Dredging and Environmental 2357 Jenks Avenue 
Restoration Jackson Pamana City Branch Office Diana Athnos Manager 850-872-4379 Diana.Athnos@dep.state.fl.us Panama City, FL 32405 
Other Dredging and Environmental 2360 Jenks Avenue 
Restoration Calhoun Pamana City Branch Office Diana Athnos Manager 850-872-4382 Diana.Athnos@dep.state.fl.us Panama City, FL 32405 
Other Dredging and Environmental 2361 Jenks Avenue 
Restoration Gulf Pamana City Branch Office Diana Athnos Manager 850-872-4383 Diana.Athnos@dep.state.fl.us Panama City, FL 32405 
Other Dredging and 2816 Remington Green Circle 
Restoration Gadsden Tallahassee Branch Office Tom Franklin Envir. Supervisor II 850-488-370~ Thomas.Franklin@dep.state.fl.us Tallahassee, FL 32308-1513 
Other Dredging and 2817 Remington Green Circle 
Restoration Leon Tallahassee Branch Office Tom Franklin Envir. Supervisor II 850-488-3706 Thomas. F ranklin@dep. state. fl. us Tallahassee, FL 32308-1513 
Other Dredging and 2820 Remington Green Circle 
Restoration Liberty Tallahassee Branch Office Tom Franklin Envir. Supervisor II 850-488-3709 Thomas.Franklin@dep.state.fl.us Tallahassee, FL 32308-1513 
Other Dredging and 2821 Remington Green Circle 
Restoration Wakulla Tallahassee Branch Office Tom Franklin Envir. Supervisor II 850-488-3710 Thomas.Franklin@dep.state.fl.us Tallahassee, FL 32308-1513 
Other Dredging and 2824 Remington Green Circle 
Restoration Franklin Tallahassee Branch Office Tom Franklin Envir. Supervisor II 850-488-3713 Thomas.Franklin@dep.state.fl.us Tallahassee, FL 32308-1513 
Other Dredging and 2825 Remington Green Circle 
Restoration Jefferson( split wiNE District) Tallahassee Branch Office Tom Franklin Envir. Supervisor II 850-488-3714 Thomas.Franklin@dep.state.fl.us Tallahassee, FL 32308-1513 
Other Dredging and Environmental 7825 Baymeadows Way, Suite 
Restoration Nassau Northeast District Main Office Jim Maher Administrator 904-807-3300 Jim.Maher@dep.state.fl.us B200 Jacksonville, FL 32256 
Other Dredging and Environmental 7826 Baymeadows Way, Suite 
Restoration Duval Northeast District Main Office Jim Maher Administrator 904-807-3301 Jim.Maher@dep.state.fl.us B200 Jacksonville, FL 32256 
Other Dredging and Environmental 7827 Baymeadows Way, Suite 
Restoration St. Johns Northeast District Main Office Jim Maher Administrator 904-807-3302 Jim.Maher@dep.state.fl.us B200 Jacksonville, FL 32256 
Other Dredging and Environmental 7828 Baymeadows Way, Suite 
Restoration Flagler Northeast District Main Office Jim Maher Administrator 904-807-3303 Jim.Maher@dep.state.fl.us B200 Jacksonville, FL 32256 
Other Dredging and Environmental 7829 Baymeadows Way, Suite 
Restoration Putnam Northeast District Main Office Jim Maher Administrator 904-807-3304 Jim.Maher@dep.state.fl.us B200 Jacksonville, FL 32256 
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Other Dredging and Environmental 7830 Baymeadows Way, Suite 
Restoration Clay Northeast District Main Office Jim Maher Administrator 904-807-3305 Jim.Maher@dep.state.fl.us B200 Jacksonville, FL 32256 
Other Dredging and Environmental 7831 Baymeadows Way, Suite 
Restoration Union Northeast District Main Office Jim Maher Administrator 904-807-3306 Jim.Maher@dep.state.fl.us B200 Jacksonville, FL 32256 
Other Dredging and Environmental 7832 Baymeadows Way, Suite 
Restoration Bradford Northeast District Main Office Jim Maher Administrator 904-807-3307 Jim.Maher@dep.state.fl.us B200 Jacksonville, FL 32256 
Other Dredging and Environmental 7833 Baymeadows Way, Suite 
Restoration Baker Northeast District Main Office Jim Maher Administrator 904-807-3308 Jim.Maher@dep.state.fl.us B200 Jacksonville, FL 32256 
Other Dredging and Environmental 7834 Baymeadows Way, Suite 
Restoration Alachua Northeast District Main Office Jim Maher Administrator 904-807-3309 Jim.Maher@dep.state.fl.us B200 Jacksonville, FL 32256 
Other Dredging and Environmental 7835 Baymeadows Way, Suite 
Restoration Levy Northeast District Main Office Jim Maher Administrator 904-807-3310 Jim.Maher@dep.state.fl.us B200 Jacksonville, FL 32256 
Other Dredging and Environmental 7836 Baymeadows Way, Suite 
Restoration Gilcrist Northeast District Main Office Jim Maher Administrator 904-807-3311 Jim.Maher@dep.state.fl.us B200 Jacksonville, FL 32256 
Other Dredging and Environmental 7837 Baymeadows Way, Suite 
Restoration Columbia Northeast District Main Office Jim Maher Administrator 904-807-3312 Jim.Maher@dep.state.fl.us B200 Jacksonville, FL 32256 
Other Dredging and Environmental 7838 Baymeadows Way, Suite 
Restoration Dixie Northeast District Main Office Jim Maher Administrator 904-807-3313 Jim.Maher@dep.state.fl.us B200 Jacksonville, FL 32256 
Other Dredging and Environmental 7839 Baymeadows Way, Suite 
Restoration Lafayette Northeast District Main Office Jim Maher Administrator 904-807-3314 Jim. Maher@dep.state. fl. us B200 Jacksonville, FL 32256 
Other Dredging and Environmental 7840 Baymeadows Way, Suite 
Restoration Suwannee Northeast District Main Office Jim Maher Administrator 904-807-3315 Jim.Maher@dep.state.fl.us B200 Jacksonville, FL 32256 
Other Dredging and Environmental 7841 Baymeadows Way, Suite 
Restoration Hamilton Northeast District Main Office Jim Maher Administrator 904-807-3316 Jim.Maher@dep.state.fl.us B200 Jacksonville, FL 32256 
Other Dredging and Environmental 7842 Baymeadows Way, Suite 
Restoration Madison Northeast District Main Office Jim Maher Administrator 904-807-3317 Jim.Maher@dep.state.fl.us B200 Jacksonville, FL 32256 
Other Dredging and Environmental 7843 Baymeadows Way, Suite 
Restoration Jefferson( split w/NW District) Northeast District Main Office Jim Maher Administrator 904-807-3318 Jim.Maher@dep.state.fl.us B200 Jacksonville, FL 32256 
Other Dredging and Environmental 7844 Baymeadows Way, Suite 
Restoration Taylor Northeast District Main Office Jim Maher Administrator 904-807-3319 Jim.Maher@dep.state.fl.us B200 Jacksonville, FL 32256 
Other Dredging and Environmental 3319 Maguire Blvd. Suite 232 
Restoration Marion( split w/SW District) Central District Office Dave Herbster Administrator 407-894-7555 Dave.Herbster@dep.state.fl.us Orlando, FL 32803-3767 
Other Dredging and Environmental 3320 Maguire Blvd. Suite 232 
Restoration Lake Central District Office Dave Herbster Administrator 407-894-7556 Dave.Herbster@dep.state.fl.us Orlando, FL 32803-3767 
Other Dredging and Environmental 3321 Maguire Blvd. Suite 232 
Restoration Orange Central District Office Dave Herbster Administrator 407-894-7557 Dave.Herbster@dep.state. fl. us Orlando, FL 32803-3767 
Other Dredging and Environmental 3322 Maguire Blvd. Suite 232 
Restoration Volusia Central District Office Dave Herbster Administrator 407-894-7558 Dave.Herbster@dep.state.fl.us Orlando, FL 32803-3767 
Other Dredging and Environmental 3323 Maguire Blvd. Suite 232 
Restoration Seminole Central District Office Dave Herbster Administrator 407-894-7559 Dave.Herbster@dep.state.fl.us Orlando, FL 32803-3767 
Other Dredging and Environmental 3324 Maguire Blvd. Suite 232 
Restoration Osceola Central District Office Dave Herbster Administrator 407-894-7560 Dave.Herbster@dep.state.fl.us Orlando, FL 32803-3767 
Other Dredging and Environmental 3325 Maguire Blvd. Suite 232 
Restoration Brevard Central District Office Dave Herbster Administrator 407-894-7561 Dave. Herbster@dep.state.fl.us Orlando, FL 32803-3767 
Other Dredging and Environmental 3326 Maguire Blvd. Suite 232 
Restoration Indian River Central District Office Dave Herbster Administrator 407-894-7562 Dave.Herbster@dep.state.fl.us Orlando, FL 32803-3767 
Other Dredging and Environmental 3804 Coconut Palm Dr. 
Restoration Marion( split w/SW District) Southwest District Office Cece McKiernan Administrator 813-744-6100 Cece.McKiernan@dep.state.fl.us Tampa, FL 33619-8318 
Other Dredging and Environmental 3805 Coconut Palm Dr. 
Restoration Sumter Southwest District Office Cece McKiernan Administrator 813-744-6101 Cece.McKiernan@dep.state.fl.us Tampa, FL 33619-8318 
Other Dredging and Environmental 3806 Coconut Palm Dr. 
Restoration Citru Southwest District Office Cece McKiernan Administrator 813-744-6102 Cece.McKiernan@dep.state.fl.us Tampa, FL 33619-8318 
Other Dredging and Environmental 3807 Coconut Palm Dr. 
Restoration Hernando Southwest District Office Cece McKiernan Administrator 813-744-6103 Cece.McKiernan@dep.state. fl. us Tampa, FL 33619-8318 
Other Dredging and Environmental 3808 Coconut Palm Dr. 
Restoration Pasco Southwest District Office Cece McKiernan Administrator 813-744-6104 Cece.McKiernan@dep.state.fl.us Tampa, FL 33619-8318 
Other Dredging and Environmental 3809 Coconut Palm Dr. 
Restoration Pinellas Southwest District Office Cece McKiernan Administrator 813-744-6105 Cece.McKiernan@dep.state.fl.us Tampa, FL 33619-8318 
Other Dredging and Environmental 3810 Coconut Palm Dr. 
Restoration Hillsborough Southwest District Office Cece McKiernan Administrator 813-744-6106 Cece.McKiernan@dep.state.fl.us Tampa, FL 33619-8318 
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Other Dredging and Environmental 3811 Coconut Palm Dr. 
Restoration Manatee Southwest District Office Cece McKiernan Administrator 813-744-6107 Cece.McKiernan@dep.state.fl.us Tampa, FL 33619-8318 
Other Dredging and Environmental 3812 Coconut Palm Dr. 
Restoration Sarasota Southwest District Office Cece McKiernan Administrator 813-744-6108 Cece.McKiernan@dep.state.fl.us Tampa, FL 33619-8318 
Other Dredging and Environmental 3813 Coconut Palm Dr. 
Restoration DeSoto Southwest District Office Cece McKiernan Administrator 813-744-6109 Cece.McKiernan@dep.state.fl.us Tampa, FL 33619-8318 
Other Dredging and Environmental 3814 Coconut Palm Dr. 
Restoration Hardee Southwest District Office Cece McKiernan Administrator 813-744-6110 Cece.McKiernan@dep.state.fl.us Tampa, FL 33619-8318 
Other Dredging and Environmental 3815 Coconut Palm Dr. 
Restoration Polk Southwest District Office Cece McKiernan Administrator 813-744-6111 Cece.McKiernan@dep.state.fl.us Tampa, FL 33619-8318 
Other Dredging and Environmental A-10 Airport Road 
Restoration Charlotte Punta Gorda Branch Office Calvin Alvarez Manager 941-575-5810 Calvin.Aivarez@dep.state.fl.us Punta Gorda, FL 33982 
Other Dredging and Environmental A-1 0 Airport Road 
Restoration Highlands Punta Gorda Branch Office Calvin Alvarez Manager 941-575-5811 Calvin.Aivarez@dep.state.fl.us Punta Gorda, FL 33983 
Other Dredging and Environmental A-10 Airport Road 
Restoration Glades Punta Gorda Branch Office Calvin Alvarez Manager 941-575-5812 Calvin.Aivarez@dep.state.fl.us Punta Gorda, FL 33984 
Other Dredging and Environmental P.O. Box 2549 
Restoration Lee South Disrict Office Lucy Blair Administrator 239-332-6975 Lucy.Biair@dep.state.fl.us Ft. Myers, FL 33902 
Other Dredging and Environmental P.O. Box 2549 
Restoration Hendry South Disrict Office Lucy Blair Administrator 239-332-6976 Lucy.Biair@dep.state.fl.us Ft. Myers, FL 33903 
Other Dredging and Environmental P.O. Box 2549 
Restoration Collier South Disrict Office Lucy Blair Administrator 239-332-6977 Lucy.Blair@dep.state.fl.us Ft. Myers, FL 33904 
Other Dredging and Envirinmental 2796 Overseas Hwy. 
Restoration Monroe Marathon Branch Office Tania McMillan Manager 305-289-2310 Tania.McMillan@dep.state.fl.us Marathon, FL 33050 
Other Dredging and 1801 SE Hilmoor Dr. Suite C-204 
Restoration Okeechobee Port St. Lucie Branch Office Kim Hefty Envir. Specialist Ill 772-398-2806 Kimberly.Hefty@dep.state.fl.us Port St. Lucie, FL 34952 
Other Dredging and 1802 SE Hilmoor Dr. Suite C-204 
Restoration St. Lucie Port St. Lucie Branch Office Kim Hefty Envir. Specialist Ill 772-398-2807 Kimberly.Hefty@dep.state.fl. us Port St. Lucie, FL 34952 
Other Dredging and 1803 SE Hilmoor Dr. Suite C-204 
Restoration Martin Port St. Lucie Branch Office Kim Hefty Envir. Specialist Ill 772-398-2808 Kimberly.Hefty@dep.state.fl.us Port St. Lucie, FL 34952 
Other Dredging and Environmental 400 N. Congress Ave. Suite 200 
Restoration Palm Beach Southeast District Vacant Administrator 561-681-6600 West Palm Beach, FL 33401 
Other Dredging and Environmental 401 N. Congress Ave. Suite 200 
Restoration Broward Southeast District Vacant Administrator 561-681-6601 West Palm Beach, FL 33401 

Environmental 402 N. Congress Ave. Suite 200 
Dade Southeast District Vacant Administrator 561-681-6602 West Palm Beach, FL 33401 
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Appendix B: Project Management Plan Format 



U.S. Army Corps of Engineers 

Project Management Plan/Program Management Plan 
(PMP/PgMP) Minimum Content 

This reference defines the minimum requirements for Project/Program Management 
Plans (PMPs/PgMPs). The PMP/PgMP is required to provide the framework so that 
all team members can work together efficiently. The PMP/PgMP communicates 
critical project/program information to all interested parties. The PMP/PgMP serves 
as the planning, communications, and quality management tool for the project. It 
encompasses all aspects, phases, and resources for the lifecycle of a project. The 
Environmental Operating Principles 
(http://www.hq.usace.army.mil/cepa/envprinciples.htm) should be considered as a 
critical component in the planning and execution of the project. The document 
records endorsement by the PDT. The following items comprise the PMP/PgMP: 

a. Scope, based on customer need (project definition, objective, identification of 
customer(s) and stakeholder(s), description of services to be provided, key products, 
authority, location, unique customer requirements/concerns stored within P2 as 
notebook items or other features, etc.). Refer to Project Scope and Customer 
Requirements Definition - PROC201 0. 

b. Team Identification; refer to Team Establishment- PROC2020. 

c. Critical Assumptions and Constraints. Critical assumptions are considered to 
be true at the time the PMP/PgMP is written/updated and if changed, could cause 
major impact to the project. Constraints are items that limit the POT's options. 

d. Work Breakdown Structure (WBS). Specifies the task and subtask necessary 
to fulfill the objectives of the project. Refer to Activity/Schedule Development
PROC2030 

e. Funding (sources, available budget, customer requirements for 
requesting/receiving funds and reporting of expenditures, resource estimates). Refer 
to Resource Estimate Development - PROC2040 

f. Schedule (schedule in Project Manager™, continuously maintained to show actual 
completion status and show how schedule will be progressed). Refer to 
Activity/Schedule Development- PROC2030 and Project Execution and Control -
PROC3000. 

g. Project Quality Control Plan and Objectives (customer expectations, applicable 
Quality Management Plans, criteria and regulations) Refer to Quality Management 
Plan - REF8008G. 
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h. Acquisition Strategy. Refer to Project Delivery Acquisition Strateg:'L:: 
PROC2050. 

i. Risk Analysis. Refer to Risk Management Plan - REF8007G. 

j. SOH hazard analysis and monitoring. Refer to Safety and Occupational Health 
Plan - REF8016G. 

k. Change Management Plan - REF8009G (Schedule/cost risk analysis, 
thresholds, how cost growth and other changes to the plan will be approved, what 
changes require customer re-approval). Refer to Change Management
PROC3010. 

I. Communications Strategy- how the team will communicate with the customer(s) 
and each other, customer's requirements for status reporting. Refer to 
Communications Plan - REF8006G. 

m. Value Management. Refer to Value Management Plan- REF8023G. 

n. Closeout Plan. Refer to Activity/Project/Program Closeout- PROC4000. 

o. Approvals. Refer to PMP/PgMP Approval - PROC2070 . Page may include 
signatures of the PM and the customer(s) and may be electronic. 

Additional information may be found at: 
http://bp.usace.army.mii/Robo/BIN/Robo.dll?mgr=agm&tpc=%2Frobo%2Fprojects%2F 
pmbp manuai%2Fpages%2Findex.html&wnd=PMBP Manual% 7CPMBP%20Manual 
&agt=wsm&ctxid= 
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Appendix C: General Conditions 



GENERAL CONDITIONS 

1. This permit, including its general and specific conditions, must be construed in light of the 
[date] futeragency Cooperative Agreement for Civil Works Projects (ICA) between the 
Department and the Corps. As recognized in the ICA, the Department has the authority to 
include reasonable conditions in this permit. All of the conditions in this permit, both 
general and specific, are enforceable to the extent sovereign immunity has been waived 
under 33 U.S.C. §§ 1323 and 1344(t). The ICA is incorporated herein by reference. 

2 All activities approved shall be implemented as set forth in the drawings incorporated by 
reference and in compliance with the conditions and requirements of this document. The 
Corps shall notify the Department in writing of any anticipated changes in: 

a) operational plans; 
b) project dimensions, size or location; 
c) ability to adhere to permit conditions; 
d) project description included in the permit; 
e) monitoring plans. 

If the Department determines that a modification to the permit is required then the Corps 
shall apply for and obtain the modification. Department approval of the modification shall 
be obtained prior to implementing the change, unless the change is determined by the 
Department to reduce the scope of work from that authorized under the original permit, and 
will not effect compliance with permit conditions or monitoring requirements. 

3 If, for any reason, the Corps does not comply with any condition or limitation specified 
herein, the Corps shall immediately provide the Department with a written report 
containing the following information: 

a) a description of and cause ofnoncompliance; 
b) the period of noncompliance, including dates and times; 
c) impacts resulting or likely to result from the non-compliance; 
d) steps being taken to correct the non-compliance; and 
e) the steps being taken to reduce, eliminate, and prevent recurrence of the 

noncompliance. 

Compliance with the provisions of this condition shall not preclude the Department from 
taking any enforcement action allowed under state law with respect to any non-compliance. 

4. The Corps shall obtain any applicable licenses, permits, or other authorizations which may 
be required by federal, state, local or special district laws and regulations. Nothing herein 
constitutes a waiver or approval of other Department permits or authorizations that may be 
required for other aspects of the total project. 

5. Nothing herein conveys to the Corps or creates in the Corps any property right, any interest 
in real property, any title to land or water, constitutes State recognition or acknowledgment 
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of title, or constitutes authority for the use of Florida's sovereign submerged lands seaward 
of the mean high-water line or an established erosion control line, unless herein provided, 
and the necessary title, lease, easement, or other form of consent authorizing the proposed 
use has been obtained from the State. 

6. Any delineation of the extent of a wetland or other surface water submitted as part of the 
application, including plans or other supporting documentation, shall not be considered 
specifically approved unless a specific condition of this authorization or a formal 
determination under section 373.421(2), F.S., provides otherwise. 

7. Nothing herein authorizes any entrance upon or activities on property which is not owned 
or controlled by the Corps or local sponsor, or conveys any vested rights or any exclusive 
privileges. 

8 This document or a copy thereof, complete with all conditions, attachments, modifications, 
and time extensions shall be kept at the work site of the authorized activity. lhe Corps shall 
require the contractor to review this document prior to commencement of the authorized 
activity. 

9. The Corps specifically agrees to allow Department personnel with proper identification, at 
reasonable times and in compliance with Corps specified safety standards access to the 
premises where the authorized activity is located or conducted for the purpose of 
ascertaining compliance with the terms of this document and with the rules of the 
Department and to have access to and copy any records that must be kept; to inspect the 
facility, equipment, practices, or operations regulated or required; and to sample or monitor 
any substances or parameters at any location reasonably necessary to assure compliance. 
Reasonable time may depend on the nature of the concern being investigated. 

10. At least forty-eight ( 48) hours prior to the commencement of authorized activity, the Corps 
shall submit to the Department a written notice of commencement of activities indicating 
the anticipated start date and the anticipated completion date. 

lfhistoric or archaeological artifacts such as, but not limited to, Indian canoes, arrow heads, 
pottery or physical remains, are discovered at any time on the project site, the Corps shall 
immediately stop all activities in the immediate area which disturb the soil and notify the 
Department and the State Historic Preservation Officer. In the event that unmarked human 
remains are encountered during permitted activities, all work shall stop in the immediate 
area and the proper authorities notified in accordance with Section 872.05, Florida Statutes. 

12. Within a reasonable time after completion of construction activities authorized by this 
permit, the Corps shall submit to the Department a written statement of completion. This 
statement shall notify the Department that the work has been completed as authorized and 
shall include a description of the actual work completed. The Department shall be provided, 
if requested, a copy of any as-built drawings required of the contractor or survey performed 
by the Corps. 
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FLORIDA'S SPACE COAST 

TAMARA J. RICARD, Clerk to the Board, 400 South Street • P.O. Box 999, Titusville, Florida 32781·0999 

August29, 2008 

MEMORANDUM 

Telephone: (321) 637·2001 
Fax: {321) 264·6972 

TO: Ernest Brown, Natural Resources Management Director, Attn: Mike McGarry 

RE: Item VIII.A.3, Resolution for Brevard County Shore Protection Project: Mid 
Reach Plan, State Beach Management Long Range Budget Request and State 
Cost-Share Request 

The Board of County Commissioners, in regular session on August 28, 2008, selected 
Option B, Local Option Plan (TDC 50-year funding obligation of $31 .2 million), for the 
U.S. Army Corps of Engineers to pursue along the Mid Reach shoreline; adopted 
Resolution No. 08-187 supporting Brevard County Shore Protection Project and 
requesting State cost-share funding as a match for dedicated local funds. Enclosed are 
two certified copies of the Resolution. 

Your continued cooperation is always appreciated. 

Sincerely yours, 

BOARD OF COUNTY COMMISSIONERS SZ:EkL 
Tamara Ricard, Deputy Clerk 

/te 

Encls. (2) 

cc: Contracts Administration 
Finance 
Budget 

PRINTED ON RECYCLED PAPER 



AGENDA 

Section New Business 
Meeting Date 

August 19, 2008 
Item 
No. 

AGENDA REPORT 
BREVARD COUNTY BOARD OF COUNTY COMMISSIONERS 

SUBJECT: Brevard County Shore Protection Project: Mid Reach Plan, State Beach Management 
Long Range Budget Request and State Cost-Share Request 

DEPT/OFFICE: Natural Resources Management Office 
Requested Action: 

Select a shore protection plan for the U.S. Army Corps of Engineers to pursue along the Mid Reach shoreline and 
approve a resolution supporting the Brevard County Shore Protection Project and requesting State cost-share 
funding as match for dedicated local funds. All Local Match is derived from the TDC Dedicated Beach 
Improvement Fund 
Summary Explanation & Background: 

The Mid Reach is a 7.78-mile section of critically eroded beach lying between Patrick Air Force Base and 
Indialantic that includes the Towns of Satellite Beach and Indian Harbour Beach. The Mid Reach was deleted 
from the Brevard County Federal Shore Protection Project in 1996 due to environmental concerns regarding 
rocky hard bottom habitat present in the surf zone. Since that time, Brevard County has been working with the 
U.S. Army Corps of Engineers (Corps) to develop a suitable shore protection plan for the Mid Reach. 

On October 26, 2004, the Board executed an Agreement with the Corps to cost share a General Re-evaluation 
Report (GRR) for developing a federally authorized shore protection project for the Mid Reach. The GRR 
process is nearly complete. After evaluating over 100 different shore protection options for the Mid Reach, the 
Corps has identified an environmentally acceptable plan that yields the greatest federal benefits. This National 
Economic Development (NED) Plan maximizes the available federal cost share for the project. During the 
Corps' GRR process, County staff and consultants developed and evaluated shore protection alternatives with the 
desire to enhance local benefits beyond the NED plan. This Local Option Plan increases sand placement and 
shore protection benefits along the Mid Reach while still maintaining the required federal scope. These two 
possible shore protection options are described in Attachment A. On August 4, 2008, the TDC Beach 
Improvement Committee voted unanimously in favor of recommending the Local Option. 

In order to complete the GRR, the Corps needs the Brevard County Board of County Commissioners to formally 
select either: 

A. National Economic Development (NED) Plan (TDC 50 year funding obligation $28.3 million) or 
B. The Local Option Plan. (TDC 50 year funding obligation $31.2 million) 

As part of this agenda, staff also requests authorization to solicit State cost share for the non-federal costs of 
restoring Brevard's critically eroded beaches. This is accomplished each year by submitting a resolution and 
funding request to the Florida Department of Environmental Protection (FDEP) Office of Beaches and Coastal 
Systems. This request contains a 1 0-year Long Range Budget Plan (LRBP). Attachment B contains two draft 
LRBP's, one includes cost share for the NED Plan and a second is based on the Local Option Plan. It is 
requested the Board approve the cost share resolution (Attachment C) and submittal of the appropriate LRBP 
based on the Board's selection of either the NED Plan or Local Option Plan for shore protection along the Mid 
Reach. 

Fiscal Impact: FY 07-08 No fiscal impact to the General Fund (GF) associated with this item. 
FY 08-09 There is no GF impact. Long Range Budget Plan 08-09 expenses to the TDC are up to 
$4,205,310. 

Staff Contacts: Ernest Brown (5-2439) or Mike McGarry (5-2696) Natural Resources Management Office, 633-2016. 

Exhibits Attached: 

Attachment A: Staff Report RE: U.S. Army Corps of Engineers Mid Reach Plan with option map 
Attachment B: Staff report RE: State Long Range Budget Plan with LRBP option tables 
Attachment C: Resolution supporting the Brevard County Shore Protection Project and requesting State cost
share funding as a match for the TDC's dedicated local funds. 

Contract/Agreement (If attached): Reviewed by County Attorney I Yes D No D pending 
County Manager's Office Natural Resources Management Office 

Peggy Busacca, County Manager Ernest N. Brown, Director 



SUBJECT: 
DATE: 
AUTHOR: 

BREVARD COUNTY 
BOARD OF COUNTY COMMISSIONERS 

NATURAL RESOURCES MANAGEMENT OFFICE 

US Army Corps of Engineers Mid Reach Plan 
August 5, 2008 
Mike McGarry 

STAFF 
REPORT 

The US Army Corps of Engineers (Corps) is finalizing the Mid Reach General Reevaluation Report 
(GRR) to determine the best shore protection plan for the Mid Reach. For the purpose of evaluating 
the options, the Mid Reach was subdivided into 6 "reaches," so the optimal beach width could be 
determined for each reach based on the unique shore protection needs and submerged rock habitat in 
that reach. The six reaches are illustrated in the Corps' Figure 3.3 which is attached. 

The GRR process has evaluated over 100 combinations of shore protection options combined across 
the 6 reaches and narrowed the search to two plans that offer different strengths. The Corps process 
focuses on identifying a National Economic Development (NED) Plan. The NED Plan is designed to 
maximize national economic benefit within constraints imposed by environmental and other 
regulations. Maximizing shore protection or recreational benefits is not a specific goal of the NED 
Plan. The highest NED Plan with not more than 3 acres of rock impact is the federally chosen plan. 
This plan is illustrated as a blue line on Figure 3.3 with project widths ranging from "dune only" in 
Reaches 4 and 6, to 30+ feet of beach widening in Reach 3. 

In order to provide Brevard County with an option that provides a more equitable treatment of 
reaches while maximizing shore protection and recreational benefits, the Corps has considered a 
Local Option. In this plan the width of additional beach in Reach 3 has been reduced from 30' to 20' 
to allow construction of 1 0' of beach in Reach 4. Additional costs of this plan, if selected, would be 
the responsibility of Brevard County. To facilitate comparison of the two plans, the primary 
differences are highlighted in the table below and relative beach widths are sketched on Figure 3.3. 

Comparison of NED Plan and Local Option Plan 
NED Plan Local Option Plan 

Initial Sand Volume 540,000 cy 588,000 cy 
Total Project Length 7.78 miles 7.78 miles 
Length of Widened Beach 5.36 miles 6.42 miles 
Length of Dune Only 2.42 miles 1.36 miles 
Rock Impact 2.9 acres 3.0 acres 
Average Storm Protection 32 year return 35 year return 
Total 50 Year Project Cost $103.5 M $108.4 M 
Federal Cost Share 54% 51.55% 
Local 50 Year Project Cost $28.3 M $31.2 M 

On August 4, 2008 the Tourist Development Council (TDC) Beach Improvement Committee 
reviewed both plans and the relative benefits. The County and State will bear the extra cost of the 
local option which amounts to $2.9 million for the TDC over the 50 year project life. A 25 year 
budget forecast indicates the TDC Beach Improvement Fund can provide sufficient funding for either 
plan. The TDC Beach Improvement Committee voted unanimously to recommend the Local Option 
Plan. The Corps has requested that the Brevard County Board of County Commissioners decide 
whether to finalize the GRR based on the NED Plan or the Local Option Plan. 
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(Sent via electronic mail) 

Ms. Candida Bronson 
Planning Division, Environmental Branch 
Jacksonville District, Corps of Engineers 
P.O. Box 4970 
Jacksonville, Florida 32232-0019 

Attention: Paul Stodola 

Dear Ms. Bronson: 

UNITED STATES DEPARTMENT Of COMMERCE 
National Oceanic and Atmosphe ric Administration 
NATIONAL MARINE FISHERIES SERVICE 

Southeast Regional Office 
263 13'h Avenue South 
St. Petersburg, Florida 33701-5505 
(727) 824-53 17; FAX (727) 824-5300 
http://sero.nmfs.noaa.gov/ 

January 22, 20 I 0 F/SER4:GG/pw 

NOAA's National Marine f-isheries Service (NMFS) reviewed the Draft Integrated General Reevaluation 
Report (GRR) and Draft Supplemental Environmental Impact Statement (SEIS) dated October 2009 for 
the Brevard County, Florida, Hurricane and Storm Damage Reduction Project, Mid-Reach Segment. The 
Mid-Reach encompasses approximately 7.6 miles between Patrick Air Force Base and lndiatlantic 
(Florida Department of Environmental Protect ion [FDEP] Monuments R-75.4 to R-11 8.3). For study 
purposes, the Mid-Reach shoreline is divided into six segments or sub-reaches, Reaches I to 6 (from 
south to north). The Draft GRR and Draft SEIS support the local sponsor's preferred plan (LPP), which 
would extend the mean high water line up to 20 feet plus advanced nourishment to maintain the design fill 
volume. Specifically, the extension would be I 0 feet within Reaches I, 4, and 5; 20 feet within Reaches 2 
and 3; and only dune construction within Reach 6. Based on results from a survey conducted during 
2008, the approximate volume of sand needed to construct the project is 409,000 cubic yards plus an 
advanced nourishment lilt or 164,000 cubic yards for a total till of 573,000 cubic yards. Subsequent 
nourishment volumes with placement occurring approx imately every 3 years is estimated to be 164,000 
cubic yards. The source of the sand would be the Poseidon Dredged Material Management Area 
(DMMA) at Port Canaveral. Compatible material would be dredged from Canaveral Shoals and placed 
into the Poseidon DMMA every 6 years, and then hauled by dump truck to the Mid-Reach Segment for 
placement at 3-year intervals. Placement of the sand is anticipated to impact approximately 3.0 acres of 
worm rock reef and hard bottom within intertidal and nearshore areas; 1.4 acres of the proposed 3.0 acres 
of impact is expected to become re-exposed between nourishment intervals. As compensatory mitigation, 
the project would include construction of 4.8 acres of a low-relief, artificial reef designed to mimic the 
impacted worm rock reef and hardbottom habitats to the extent that current science and engineering 
allow. As the nation's federa l trustee for the conservation and management of marine, estuarine, and 
anadromous fishery resources, the fo llowing comments and recommendations are provided pursuant to 
authorities of the Fish and Wildlife Coordination Act and the Magnuson-Stevens Fishery Conservation 
and Management Act (Magnuson-Stevens Act). 



Consultation HistOIJ' 
By letter dated, May 3, 2005, NMFS commented on the seeping letter for the Feasibility Phase of the 
Brevard County Mid-Reach Shoreline Protection Project. ln that letter, NMFS discussed the high value 
to fishery species of the worm rock reefs within the proposed project area and the importance of 
thoroughly evaluating in the EFH assessment the impacts to this habitat. 

By letter dated October 7, 2005, NM FS provided the District with additional comments in response to a 
public seeping meeting held on September 8, 2005. In that letter NMFS requested a detailed analysis of 
potential direct, indirect, and cumulative impacts of the proposed action on EFH and federally managed 
fishery resources by li fe history stage; an evaluation of potential on-site and off-site compensatory 
mitigation options; a description of hardbottom areas in the vicinity of the project described within an 
ecosystem context; and information on the level of recruitment by sabellariid larvae in the Mid-Reach 
area and the importance of the Mid-Reach's matm e worm rock colonies as a source of larvae for 
maintaining sabellariid reefs along Florida' s east coast. 

On December 16, 2005, NMFS provided the Jacksonville District with comments on a permit application 
by the Brevard County Board of County Commissioners (SAJ-2005-8688 ), which at that time was 
requesting authorization for a I 0-year authorization to nourish the Mid-Reach Segment discussed in the 
Draft GRR and Draft SE IS. Our comments re-affirmed the high value to fi shery species of the wom1 rock 
reefs within the proposed project area. We also requested a pilot study to determine the adequacy of the 
proposed mitigation reef and that any nourishment be restricted to the southern portion of the project area 
(R-118 to R-99). This permit application was subsequently w ithdrawn in favor of pursuing an approach 
l{>r the Mid-Reach Segment that relied solely upon the fede ral civil works project now proposed in the 
Draft GRR and Drafi SEIS. 

During 2006, 2007, and 2008, NMFS attended severa l information meetings, including: 
• February 9, 2006, meeting sponsored by the Jacksonville District and f-DEP to discuss 

approaches to mitigating impacts to worm rock reefs and nearshore hardbottom habitat. 
• Febmary 15, 2006. an additional feasibility seeping meeting at the Jacksonville District. 
• May II, 2007, an interagency meeting to discuss evaluations of mitigation alternatives; these 

evaluations inc luded use of Habitat Equivalency Analys is (HEA) and Florida's Uniform 
Mitigation Assessment Method (UMAM). 

• May 22-23, 2007, meeting of the Hard Bottom Technical Advisory Committee. 
• November 13, 2007, Alternative Formulation Briefing at the Jacksonvi lle District. 
• April 2008, NMFS provided the U.S. Fish and Wildlife Service with informal comments on the 

Fish and Wi ld li fe Coordination Act Report. 

General Comments 
Sabellariid Reef Connectivity: The Draft SEIS provides a detailed description of EFH and federally 
managed fishery resources in the project vicinity, a description ofhardbottom areas in the vicinity of the 
project, and an analysis of alternatives considered to avoid and minimize impacts. However, the Draft 
SEIS provides no information on the importance of the Mid-Reach's mature worm rock colonies as a 
source oflarvae for maintaining sabellariid worm rock reefs outside the project area. This information is 
needed to determine the indirect impacts that could result from this project and the cumulative impacts 
that result from the various activities along Florida's east coast that impact sabellariid reefs. NMFS 
recommends the Final SEIS incl ude this discussion. 

Sequential Mitigation 
A voidance and Minimization: Planning of the Brevard Mid-Reach project has focused on minimizing the 
impacts to sabellariid worm rock reefs and on compensating for the unavoidable impacts to this habitat. 
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Design features aimed at minimizing impacts include the relatively small amounts of fill that would be 
placed per nourishment event and using trucks to bring dry sand to the beach, rather than using hydraulic 
pumps that would bring sand to the beach in a slurry. The potential minimization of impacts that would 
result from these des ign features may be adequate, however before concluding this is the case, NMFS 
requests additional examination of the plans for Reaches 3 and 4. 

While the overall impacts to hardbottom habitat from the NED plan and the LPP arc si mi lar, differences 
between these alternatives for Reach 3 and Reach 4 may show additional opportunities to avoid or 
minimize impacts to wom1 rock reef and other hardbonom habitat. Both plans would directly impact 
approximately 3.0 acres of nearshore hard bottom habitat. The principal difference between the NED plan 
and the LPP is the extent of the indirect impacts to nearshore hardbottom. This difference in the projected 
indirect impacts results from the NED plan's design for Reach 3 having a 30-foot-wide fill and Reach 4 
having only dune construction, whereas the LPP would result in a 20-foot-wide fi ll a long Reach 3 and I 0-
foot-wide fill a long Reach 4. NMFS recommends the Final G RR and Final SEIS evaluate the feasibility 
of a hybrid design, selecting the LPP's design for Reach 3 and the NED plan's design for Reach 4. 
Evaluation of the hybrid design should specifically address whether it would meet the project's objective 
and quantify the differences in direct and indirect impacts to worn1 rock reef and ha rdbottom between the 
hybrid, NED plan, and LPP designs. 

Compensatory Mitigation: There is no well established method of compensatory mitigation for impacts 
to sabellariid worm rock reefs. The Draft SEIS discusses three types of artificial reef structures and 
concludes that, due to construction and cost constraints, mitigation in the form of an artificial reef 
composed of articulated concrete mats embedded with coquina rock may be successful. The mitigation 
reef is proposed to be placed at depths of 14 to 16 fee t mean lower low water (M LL W), about 1000 feet 
offshore from the project area. Articulated concrete mats have been successfully deployed as seabed 
foundation structures on sandy and silty substrates in s imilar conditions. However, their direct use as a 
reef structure (with coqu ina-rock surface) is new. 

A pilot study was done to investigate the potential success of this approach to mitigating impacts to 
sabellariid worm rock reefs. Brevard County developed and installed test platforms to study the 
recmitment of the sabcllari id worn1 Phragmatopoma lapidosa to man-made structures. The study, 
referred to as "Propagule and Larval Measurement (PALM)" sh1dy, deployed three 24.7-cubic-foot boxes 
for periods of 45 days and 300 days, respectively, on May 24, 2006, and July 8, 2006. These boxes were 
equipped with 60 limestone plates at various elevations above the seabed. The plates \vere removed after 
each deployment to examine the recruitment (abundance) and species of worm settlement and algae 
growth. The PALM study found recruitment of P. lapidosa on the structures deployed in 15 feet of water. 
The measured coverage by sabellariid worms on the plates \Vas about 34% and 4%, on average, during the 
two sampling periods. respectively. While these results demonstrate recruitment by larvae, survivorship 
of these recruits is not clear. In a recent report prepared for FDEP entitled Ecological Functions of 
Nearshore Habitats in East Florida, a Literature Synthesis, Lindeman, McCarthy. Holloway-Adkins, and 
Synder (2009), indicate that survivorship of P. lapidosa recruits at these depths would be low due to low 
water temperatures and high rates of sedimentation. This report also concludes the ecological functions 
of nearshore hardbottom functions are not likely to be replaced on mitigation reefs in depths greater than 
4 meters. 

Placing the mitigation reefs into as shallow water as possible seems the most effective way to address 
these shortcomings. Salvage companies operating in the same area often safely maneuver barges to 
within 200 feet of nears hore hardbottom without signi licant adverse impacts to this habitat. It seems a 
si milar approach could be used to transport and deploy the articulated concrete mats. Further, articulated 
mats placed closer to existing hardbottom areas might pose less of a risk to boaters and recreational users 
since they are already cautious in this area because of the natural hardbottom. Information within the 
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Draft GRR and Draft SEIS indicates the mats will be stable, so NMFS believes the potential gains from 
deploying the mats in closer proximity io the areas of impacts are worth the risks from the mats coming 
fre.e from their anchors and abrading natural hardbottom habitat. 

Monitoring 
The primary objectives of the biological elements of the monitoring plan described in the Draft SEIS are 
to assess indirect impacts to the existing re.ef in the Mid-Reach project area and to evaluate the degree to 
which the mitigation reef replicates the ecological functions of the existing nearshore reef. NMFS is 
satisfied that the monitoring proposed for the fill area arc adequate for determining whether the actual 
impacts from beach nourishment are consistent with the predicted extents. However, NMFS has concerns 
about the proposed moni toring of the performance of the mitigation reef. 

The Draft SEIS estimates that 75% of the macroalgae, invet1ebrate, and fish species present at the impact 
site will ultimately reside on the mitigation reef. Although the nearshore hardbottom is known to be 
important re fugee habitat earlier li fe-stages of federally managed species, no monitoring for these earlier 
life-stages is planned. In short, an important ecological function of the nearshore hardbottom habitat is 
not being evaluated directly and indirect measures are expected to show less than fu ll replacement. 

The proposed success criteria for the mitigation reef would be based upon the extent of burial/exposure at 
the nearshore and mitigation reef.<; re lative to historical measures and model predictions. NMFS would 
recommends that the success criteria for the mitigation reef also include survival rates fo r the epibiota and 
sustained utilization by fishery species and their prey. NMFS would be happy to work •..vith the District to 
develop protocols for these assessments. 

As stated in the Draft SEIS (Appendix K, Sub-appendix J), the results of the monitoring should be used to 
assess whether the amount of mitigation constructed was appropriate for offsetting the impacts that 
actually occur (as opposed to predicted to occur) and that gaps should be addressed by additional 
mitigation. NMFS recommencls these contingency plans and their triggers be developed prior to project 
construction instead of waiting until the ycar-5 summary review, as proposed in the Draft SEJS. Having a 
clear set of acceptable versus unacceptable trajectories for the mitigation reefs will allow mid-course 
corrections in a timelier and cost efficient manner, and this feedback is essential to execution of an 
adaptive management program. 

Lastly, NMFS is concerned that monitoring of the borrow areas does not include examination of the 
forage base. While recovery of infaunal communities often occurs, it does not always occur, especially 
when dredge cuts are deep. An appropriate monitoring program would guide future management options 
to ensure the beach is maintained while minimizing impacts to fishery resources. NMFS would be happy 
to work with the District to develop protocols for this monitoring. 

Recommendations 
NMFS recommends the Final SEIS include discussion of: 

• The importance of the Mid-Reach 's mature worm rock colonies as a source of larvae for 
maintaining sabellari id worm rock reefs outside the project area. 

• Evaluation of a hybrid of the NED plan and LPP for Reaches 3 and 4. This evaluation should 
specifically address whether it would meet the project's objective and quantify the differences in 
direct and indirect impacts to worm rock reef and hardbottom between the hybrid, NED plan, 
and LPP designs. If this evaluation shows the hybrid design would meet the project purpose and 
impact less hardbottom habitat, it should be adopted as the recommended plan. 
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NMFS recommends the project be amended to include: 
• Construction and monitoring of the mitigation reefs for at least one year before beginning the 

beach fill. 
• Placement of the mitigation reefs closer to shore and in closer proximity to existing hardbottom. 
• A monitoring program that examines utilization of the mitigating reefs by fishery species and 

their prey and examination of the recovery of the infauna communities within the boiTOw areas. 
Results from both monitoring efforts should be incorporated into an adaptive management 
program aimed at meeting the project's purpose while minimizing impacts to fishery resources. 

Thank you for the opportunity to provide comments early in the planning process for this project. Please 
direct related questions or comments lO the attention of Mr. George Getsinger, at our Marine land Office. 
He may be reached at 9741 Ocean Shore Drive, St. Augustine, Florida 32080, or by telephone at (904) 
461-8674. 

I for 

cc: 

Sincerely, 

Miles M. Croom 
Assistant Regional Administrator 
Habitat Conservation Division 

CESAJ, Candida.Bronson@usace.army.mil, Paui.E.Stodola@usace.army.mil 
EPA, Eric.H.Hughes@ usace.army.mil 
FWS, Jay _Harrington@ fws.gov 
SAFMC, Roger.Pugliese@safmc.net 
FDEP, Martin.Seeling@dep.state.tl.us 
NOAA PPI, PPI. Nepa@ noaa.gov 
F, nmfs.hq.nepa@noaa.gov 
F /SER, nmfs.ser.eis@ noaa.gov 
F/SER47, George.Getsingcr@ noaa.gov 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION 4 

ATLANTA FEDERAL CENTER 
61 FORSYTH STREET 

ATLANTA, GEORGIA 30303-8960 

11/30/2009 

Eric P. Summa, Chief 
Planning Division - Environmental Branch 
Jacksonville District 
U.S. Army Corps of Engineers 
P.O. Box 4970 
Jacksonville, FL 32232-0019 

Subject: EPA's Review Comments on the Draft Integrated General Reevaluation 
R eport and Supplemental Impact Statement (DSEIS) for the Hurricane and 
Storm Damage Reduction Project (Mid-Reach Segment), Brevard County 

Dear Mr. Summa: 

Pursuant to Section 309 of the Clean Air Act (CAA) and Section 1 02(2)(C) of the 
National Environmental Policy Act (NEPA), the U.S. Enviromnental Protection Agency 
(EPA) Region 4 has reviewed the U. S. Anny Corps of Engineers' (Corps) Draft 
Integrated General Reevaluation Rep01t and Supplemental Impact Statement (DSEIS) for 
the Hurricane and Storm Damage Reduction Project (Mid-Reach Segment), Brevard 
County, F lorida. Under Section 309 of the CAA, EPA is responsible for reviewing and 
commenting on major federal actions significantly affecting the quality of the human 
envi ronment. 

EPA notes that this DSEIS addresses a hurricane and storm damage reduction 
project limited to the 7.8 mile "Mid-Reach" coastal segment of Brevard County, Florida. 
It is our understanding that the goal of this Brevard County Mid-Reach project is to 
reduce the erosion-induced damages to shorefront structures along the Mid-Reach study 
area, and that the Corps "supports the non-Federal sponsor's locally prefen-ed plan and 
recommends the plan as the Tentatively Recommended Plan." This plan consists of a 
beach fi ll varying from a O-ft to 20-ft extension of the mean high water line, with the 
addition of "advanced nourishment" to maintain the design fi ll volume. The Corps 
reports that the approximate volume of sand to be placed is 409,000 cubic yards, plus 
another 164,000 cubic yards for advanced nourislm1ent, giving a total fill requirement of 
573,000 cubic yards. The Corps also reports that placement of the sand will impact about 
3.0 acres of hardbottom areas by direct and indirect cover, of which 1.4 acres is expected 
to "include some temporal variation as the advanced nourishment erodes." Because the 
mitigation quantity is based upon a ratio of 1.6 mitigation acres for every acre of 
hardbottom impacted, mitigation of 4.8 acres is required. 

Internet Address (URL) • http://www.epa.gov 
Rocycled/Recyclable • Printed w~h Vegetable Oil Based Inks on Recycled Paper (Minimum 30% Postconsurner) 



In response to your October 30, 2009 letter, Region 4 appreciates the offer to 
provide comments on the General Reevaluation Report and DSEIS, and we offer the 
following: 

• EPA previously reviewed Feasibility Report with Final Enviromnental 
Impact Statement (FEIS) for Brevard County (1996), and we noted that 
the Mid-Reach segment was removed from the recommended plan due to 
envirorunental concerns. 

• EPA concurs with the Corps' subsequent inclusion of the Mid-Reach 
within the overall Brevard County Hun·icane and Storm Damage Project. 
EPA also concurs with the Corps' decision to assess impacts from all 
proposed construction and dredging, as well as addressing potential effects 
at borrow areas, offshore areas, and the ocean bottom. EPA also supports 
the Corps' efforts to assess impacts from future beach maintenance, as 
well as requiring pre- and post- environmental monitoring efforts. 

• In general, the DSEIS adequately addresses all issues associated with the 
Brevard County Mid-Reach project, which has been proposed for 
construction to "reduce the damages caused by erosion and coastal storms 
to shorefront structures along the Mid-Reach study area." Project 
objectives have appropriately focused on "reducing storm damages to 
coastal structures, maintaining the recreational beach, maintaining 
opportunities for recreational use of the nearshore areas, and maintaining 
enviro1m1ental quality." 

• EPA recommends that if the comprehensive post-construction monitoring 
indicates any changes occurring to the beaches and the near-shore 
environment (e.g., unexpected erosion is detected), the project should be 
halted fo r a re-evaluation of the long term shoreline maintenance plan 
conductecl. EPA recommends that any loss of material during 
construction should be thoroughly investigated, and appropriate remedies 
enacted. 

• EPA strongly recommends the use of adaptive management measures to 
address potential problems with fish populations and turtle/shore bird 
nesting. If necessary, the maintenance plan should be modified. 

• The EIS adequately addressed a number of alternatives, including both 
structural and non-structural alternatives. These alternatives adequately 
addressed beach nourishment while seeking to minimize impact to the 
nearshore hardbottom. 

• EPA recommends that the Corps' future development efforts should 
consider potential sea level rise. 

• EPA notes that the locally preferred plan consists of a 1 0-foot extension of 
the mean high water line plus advanced nourishment to maintain that 
design fill volume in Reach 1 (R-119 to R-109), a 20-foot extension of the 
mean high water line plus advanced nourishment to maintain that design 
fill volume in Reaches 2 and 3 (R-1 09 to R-99), a 1 0-foot extension of the 
mean high water line plus advanced nourislunent to maintain that design 
fill volume in Reaches 4 and 5 (R-99 to R-83), and a dune fill with no 
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added advanced nourishment in Reach 6 (R-83 to R-75.4). 
• EPA recommends that if project construction is delayed for more than a 

year, an updated survey (to calculate sand vo lumes) should be initiated. 
• EPA notes that the Corps plans to rehabilitate the Poseidon dredged 

material management area (DMMA) at Port Canaveral, with dredged 
material from Canaveral Shoals then placed into the Poseidon DMMA 
every 6 years. The Corps proposes to haul this sand by dump truck to the 
Mid-Reach for placement on the beach at approximately 3 year intervals. 
As the renourislm1ent volume is approximately 164,000 cubic yards, EPA 
notes that this equates to about 16,400 fully loaded trips with a 1 0-yard 
dump truck or 8,200 fully loaded trips with a 20-ard truck. The highway 
hau l route for this major sand hauling project should carefully be 
considered, with particular attention to any load rated bridges on the route 
and other safety issues. Coordination with local highway officials is 
needed to ensure that the haul ing is accomplished in a safe manner with 
minimal effects to road and bridge structures. 

• EPA notes that the recommended plan appropri ately offers erosion 
protection ranging from a 5-year storm level to a 75-year storm, varying 
along the length of the Mid-Reach. 

• EPA supports the Corps ' goal "to avoid, minimize and mitigate 
environmental impacts to the nearshore hardbottom." EPA notes that the 
project impacts 3.0 acres ofhardbottom out ofthe total of31.3 acres of 
nearshore rock in the Mid-Reach study area. The mitigation quantity has 
been calculated from the ratio of 1.6 mitigation acres required for every 
acre of natural rock impacted, resulting in a mitigation of 4.8 acres. EPA 
does have some environmental concerns regarding the long-term 
consequences of inundating this hard-bottom habitat, especially since this 
will not be the last beach nourislunent project in the Mid-Reach. 
Therefore, EPA has identified cumulative impacts as being an issue of 
concern. 

• EPA believes that these hardbottom communities are the premier 
communities in the local marine enviromnent, and the Final SEIS should 
therefore document all activities that wi ll prevent detrimental impacts to 
these communities. The final mi tigation decision and final monitoring 
plans should demonstrate, therefore, that the project w ill be conducted in 
an ecologically sustainable mam1er. 

• The Corps' documents appropriately discuss and address project 
economics, including cost sharing (e.g., the overall Federal pat1icipation in 
cost for the project is reported to be 54% of the NED plan, with the 
remainder to be non-Federal). EPA notes that the some of the structural 
valuations used by the Corps (Table 2- 15) may no longer be valid based 
upon recent significant decreases (since 2008) in home prices in the local 
real estate market, and we recommend that the Corps rev iew these 
numbers for accuracy before inclusion in the Final SEIS. 

• EPA concurs with the Corps' decision to select the project alternative that 
is the most "economically feasible, environmentally acceptable, and 
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soundly engineered" out of the range of alternatives considered. EPA 
requests the Corps' continued coordination with our Agency to resolve 
any issues that may arise after the Final SEIS is issued. 

In summary, EPA does have some enviromnental concerns regarding the long
term consequences of inundating a hard-bottom habitat, especially since this will not be 
the last beach nourislu11ent project in the Mid-Reach. EPA requests that the Final SEIS 
include detailed information on both the final mitigation and final monitoring plans. We 
therefore rate this Draft SETS as EC2 (Envirom11ental Concems- additional infonnation 
requested). Please include us in any notifications of interagency meetings. Thank you, 
again, for the opportunity to comment on these documents. If you wish to discuss EPA's 
comments, please contact me at 404/562-9611 (mueller.heinz@epa.gov) or Paul 
Gagliano, P.E., of my staff at 404/562-9373 (gagliano.paul@epa.gov) 

Sincerely, 

'-~~~'()EJ~Jw_q ~ 
Heinz J. Mueller, Chief 
NEPA Program Office 
Office ofPolicy and Management 
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December 18, 2009 

Mr. Eric P. Summa, Chief 

Florida Department of 
Environmental Protection 

Marjory Stoneman Douglas Building 
3900 Commonwealth Boulevard 
Tallahassee. Florida 32399-3000 

Environmental Branch, Planning Division 
U.S. Army Corps of Engineers 
P.O. Box 4970 
Jacksonville, FL 32232-0019 

Ch:.~rlit: Cmt 
c;tl\'l'rnor 

ldll\ntt~.lllll' 

l.t Cn\l'111tH 

:\l1lh;1d \\ '>Pk 

"l'lll'l.ll \ 

RE: Department of the Army, Jacksonville District Corps of Engineers- Draft 
!ntegratt!d Geaeral Reevaluation Rt!port anc Supplemental Environrnental 
Impact Statement (GRR/SEIS), Brevard County Hurricane and Storm Damage 
Reduction Project, Mid-Reach Segment - Brevard County, Florida. 
SAl # FL200911025003C 

Dear Mr. Summa: 

The Florida State Clearinghouse has coordinated a review of the Draft GRR/SEIS under the 
following authorities: Presidential Executive Order 12372; Section 403.061(40), Florida Statutes; 
the Coastal Zone Management Act, 16 U.S.C. §§ 1451-1464, as amended; and the National 
Environmental Policy Act, 42 U.S.C. §§ 4321-4347, as amended. 

Based on the information contained in the Draft GRR/SEIS and enclosed state agency 
comments, the state has determined tha t, at this stage, the proposed activity is consistent with 
the Florida Coastal Management Program (FCMP). The state' s continued concurrence will be 
based on the activity's compliance with FCMP authorities, including federal and state 
monitoring of the activity to ensure its continued conformance, and the adequate resolution of 
issues identified during this and subsequent regulatory reviews. The state's final concurrence 
of the project's consistency with the FCMP will be determined during the environmental 
perr:uttir.g process. 

Thank you for the opportunity to review the draft document. Should you have any questions 
regarding this letter, please contact Ms. Lauren P. Milligan at (850) 245-2170. 

Yours sincerely, 

Sally B. Mann, Director 
Office of Intergovernmental Programs 

SBM/lm 
Enclosures 
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FL200911025003C 

12/07/2009 

12/16/2009 

DEPARTMENT OF THE ARMY, JACKSONVILLE DISTRICT CORPS OF 
ENGINEERS- DRAFT INTEGRATED GENERAL REEVALUATION REPORT 
AND SUPPLEMENTAL ENVIRONMENTAL IMPACT STATEMENT, BREVARD 
COUNTY HURRICANE AND STORM DAMAGE REDUCTION PROJECT, MID
REACH SEGMENT- BREVARD COUNTY, FLORIDA. 

- - --- . 

I
ACOE- MID-REACH SEGMENT BREVARD CO. HURRICANE/STORM 
DAMAGE REDUCTION PROJECT 

[12.101 

Agency Comments: 
E. CENTRAL FL RPC -EAST CENTRAL FLORIDA REGIONAL PLANNING COUNCIL 

The East Central Florida Regional Planning Council has received the Brevard County Integrated General Reevaluation Report 
and Supplemental Environmental Impact Statement. The document has been reviewed in accordance with the functions of 
the regional clearinghouse, which are designated by the Executive Order of the Governor, pursuant to Federal Executive 
Order 12372, Intergovernmental Review of Federal Programs. The Council staff has not identified any significant or adverse 
effects to reg ional resources or facilities, nor have any extra-jurisdictional impacts been identified that would adversely affect 
neighboring jurisdictions. The proposed project is found to be consistent with the goals, objectives, and policies of the East 
Central Florida Regional Planning Council. Should there be any questions concerning this review, please contact Mr. Matt 
Boerger at (407) 262-7772 or email mboerger@ecfrpc.org. 

FISH and WILDLIFE COMMISSION- FLORIDA FISH AND WILDLIFE CONSERVATION COMMISSION 

NO COMMENT BY ROBBIN TRINDELL ON 11/6/09. 

STATE- FLORIDA DEPARTMENT OF STATE 

No Comment/Consistent 

ENVIRONMENTAL PROTECTION- FLORIDA DEPARTMENT OF ENVIRONMENTAL PROTECTION 

The DEP's Bureau of Beaches and Coastal Systems is currently processing a state Joint Coastal Permit/Water Quality 
Certification for the proposed project and is working with the applicant on mitigation for near-shore hard bottom habitat. 

ST. JOHNS RIVER WMD- ST. JOHNS RIVER WATER MANAGEMENT DISTRICT 

The District has no comments on the Draft Integrated General Reevaluation Report and Environmental Impact Statement. 

For more information or to submit comments, please contact the Clearinghouse Office at: 

3900 COMMONWEALTH BOULEVARD, M.S. 47 
TALLAHASSEE, FLORIDA 32399-3000 
TELEPHONE: (850) 245-2161 
FAX: (850) 245-2190 

Visit the Clearinghouse Home Page to query other projects. 

Copyright 
Disclaimer 
Privacy_Statement 



COUNTY: BREVARD DATE: 

.5ch - COMMENTS DUE DATE: 
11/2/2009 
12/7/2009 

12/ 16/2009 CLEARANCE DUE DATE: 

MESSAGE: 20tJq .._. 06(01~ 
!STATE AGENCIES 

I 
WATERMNGMNT. 

I ~NVIRONMENT AL DISTRICTS 
PROTECTION 

jST. JOHNS RIVER WMD 
~~ISH and WILDLIFE 
COMMISSION 

jx STATE --
The attached document requires a Coastal Zone Management AcUFiorida 
Coastal Management Program consistency evaluation and is categorized as one 
oftbe following: 
_ Federal Assistance to State or Local Government (15 CFR 930, Subpart F). 

Agencies a rc required to evaluate the consistency of the act ivity. 
X Direct Federal Activity ( IS CFR 930, Subpart C). Federal Agencies arc 

required to furnish a consistency determination for the State's concurrence or 
objection. 
Outer Continental Shelf Explomtion, Development or Production Activities 
( IS CFR 930, Subpart E). Opera1tors arc required to provide n consistency 
cer tificat ion for state concurrence/objection. 
Federal Licensing or Permitting Activity (15 CFR 930, Subpart D). Such 
projects will only be evaluated for consistency when there is not an analogous 
state license or permit. 

-

SAJ#:FL200911025003C 
REFER TO: FL200504050677C 

OPBPOLICY 
UNIT 

RPCS &LOC 
GOVS j' - -

Project Description: 

DEPARTMENT OF THE ARMY, JACKSONVILLE I 
DISTRICT CORPS OF ENGINEERS - DRAFT I 
INTEGRA TED GENERAL REEVALUATION 
REPORT AND SUPPLEMENTAL 
ENVIRONMENTAL IMPACT STATEMENT, 
BREVARD COUNTY HURRICANE AND STORM 
DAMAGE REDUCTION PROJECT, MID-REACH 
SEGMENT - BREVARD COUNTY, FLORIDA. 

To: Florida State Clearinghouse EO. 12372/NEPA Federal Consistency 
AGENCY CONTACT AND COORDINATOR (SCH) ~ ~o Comment/Consistent 
3900 COMMONWEALTH BOULEY ARD MS-47 oo No Comment 0 . 
TALLAHASSEE, FLORIDA 32399-3000 0 Comment Attached Consistent/Comments Attached 
TELEPHONE: (850) 245-2161 D . 0 Inconsistent/Comments Attached 
FAX: (850) 245-2190 Not Applicable 0 Not Applicable 

From: 

Division/Bureau: _D~"i~k\=c._J.J..S~""--"'------

Date: _ \?..(o 1/P~C\..__ __ 



United States Department of the Interior 
OFFICE OF THE SECRETARY 

OFFICE OF ENVIRONMENTAL POLICY AND COMPLIANCE 
Richard B. Russell Federal Building 

9043.1 
ER 09/1'175 

Ms. Candida Bronson 
U.S. Army Corps ofEngineers 
Planning Division 
P.O. Box 4970 
Jacksonville, FL 32232 

Dear Ms. Bronson: 

75 Spring Street, S.W. 
Atlanta, Georgia 30303 

December 22, 2009 

The Department of the Interior has reviewed the Draft Environmental Impact Statement for the 
Hurricane and Storm Damage Reduction Project (Mid-Reach Segment), Brevard County, 
Florida. We have no comments on this document. 

I can be reached at 404-331-4524 or by email at gr.~gQ_ry=b.Qg~e@jQ~.dQj_,_gQ_Y if you should have 
any questions. 

cc: 
FWS, R4 
USGS, Reston 
OEPC, Washington, DC 

Sincerely, 

Gregory Hogue 
Regional Environmental Officer 
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Stodola, Paul E SAJ 

From: 
Sent: 
To: 
Cc: 
Subject: 

Wikel, Geoffrey L [Geoffrey.Wikel@mms.gov] 
Wednesday, March 10, 2010 10:53 PM 
Stodola, Paul E SAJ 
Wikel, Geoffrey L; Finnegan, Colleen R. 
Comments on Brevard County Mid-Reach Project 

The Minerals Management Service (MMS) appreciates the opportunity to review and provide 
comments on the U.S. Army Corps of Engineers' Draft Integrated General Reevaluation Report 1 
Supplemental Environmental Impact Statement (IGRR/EIS) prepared in support of constructing 
the Mid-Reach Segment of the Brevard County, Florida Hurricane and Storm Damage Reduction 
Project. 

The draft IGGR/EIS describes the Corps' rev ised proposal to undertake a beach fill program 
along 7.8 miles of sensitive shoreline in Brevard County, Florida, immediately south of 
Patrick Air Force Base. The draft IGGR/EIS identifies two borrow areas on the Outer 
Continental Shelf 
(OCS) that could be used to obtain sand for the proposed project: 
Canaveral Shoals II and the Canaveral Ocean Dredged Material Disposal Site . Since the MMS 
has jurisdiction over borrow areas located on the OCS, including ODMDSs on the OCS, we 
recommend that the Corps request the MMS t o become a cooperating agency for the environmental 
review of the proposed project. The MMS maintains that i ts National Environmental Policy Act 
obligations require the bureau to consider the potential impacts of reasonably foreseeable 
actions, i nclude transport, unloading, placement, and truck-haul activities that may occur 
following dredging operations. As a cooperating agency, the MMS may then adopt and use the 
Final IGGR/EIS to facil i tate future leasing decisions. 

In the spirit of streamlining environmental review requirements and future requests to access 
OCS sand resources, the MMS further requests that the Corps assume lead agency responsibility 
for compliance wi th other major Federal environmental requirements, including consultations 
and coordination required by the Endangered Species Act Section 7, Magnuson -Stevens Fishery 
Conservation and Management Act Section 305, Coastal Zone Management Act 307, and National 
Historic Preservation Act Section 106. If the Corps decides to assume the role of l ead 
agency, the Corps should inform the respective Federal or State r esour ce agencies of the 
involvement of the MMS in the proposed action, even if the respective consultation or 
coordination is already compl ete . 

If the Corps decides to pursue these recommendations, the MMS and Corps should memorialize 
t heir relationshi p in wri t i ng. If the Corps decides not to pursue these recommendations, it 
is likely that the project sponsors will experience unnecessary processing delays when a 
formal request is submitted to use OCS sand resou r ces . 

Following an exped ited review of the draft document, the MMS recommends that the Corps 
consider the following: 

1. The potential impacts to air quality were dismissed during alternative and plan 
formulation . The MMS believes the potential for air 
quality i mpacts related to truck loading, hauling, and dumping, 
including those associated with fugitive dust, should be evaluated in the IGGR/EIS. 

2. The draft IGGR/EIS mischaracterizes the non-Federal sponsor's lease status. Breva rd 
County does not have current approval for the use 
of Canaveral Shoals II for the proposed action. I n contrast, both 
federal and non-federal sponsors will be required t o enter into a new 
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neioiiated agreement with the MMS for use of either proposed ocs 
borrow area . 

3 . The MMS recommends that the Corps include a robust discussion of the potential 
impacts to prehistoric resources in proposed borrow 
areas and placement site, either providing new information or 
incorporating existing analyses by reference. 

Thank you again for t he opportunity to provide comments. The MMS reserves the right to make 
additional comments on the Final IGGR/EIS . If you have any questions , please feel free to 
contact Geoffrey Wikel at Geoffrey.Wikel@mms.gov or (7e3)787-1283. 
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United States Department of the Interior 
U.S. FISH AND WILDLIFE SERVICE 

IN REPLY REFER TO; 

FWS Log Number: ~191 0-2008-F-05~7 

April 22, 2009 

7915 BAYMEADOWS WAY, SUITE 200 
JACKSONVILLE, FLORIDA 32256-7517 

Colonel Paul L. Grosskruger, District Engineer 
Department ofthe Army 
Jacksonville District Corps of Engineers 
P.O. Box 4970 
Jacksonville, FL 32232-00 19 

Dear Colonel Grosskruger: 

This document transmits the U.S. Fish and Wildlife Service's (Service) biological opinion (BO) 
based on our review of the proposed Mid Reach beach nourishment project located in Brevard 
County, Florida, and its effects on the loggerhead (Caretta caretta), green (Chelonia myda5), 
leatherback (Dermochelys coriacea), hawksbill (Eretmochelys imbricata), and Kemp· s ridley 
(Lepidochelys kempii) sea turtles in accordance with section 7 of the Endangered Species Act 
(Act) of 1973, as amended ( 16 U.S.C. 1531 et seq.). Your October 6. 2008. request for fom1al 
consultation was received on October 10, 2008. 

This BO is for sand placement along the Brevard County Mid Reach area. Information is 
provided in the October 10, 2008 coordination letter. Florida Mid Reach Shore Protection Project 
Revision A (11110/05). Post-construction Monitoring of the Canaveral Shoals II Offshore 
Borrow Area, telephone conversations, and other sources of information. A complete 
administrative record of this consultation is on file at Jacksonville Field Office. 

The Corps detennined that this project may affect the loggerhead, green, leatherback, and 
hawksbill sea turtles. In addition, the Corps made a detem1ination that the project may affect but 
was not likely to adversely affect the Eastern indigo snakes (D1ymarchon corais couperi), the 
West Indian manatee (Trichechus manatus) , the southeastern beach mouse (Peromyscus 
polionotus nineiventris) and the piping plover (Charadrius milodus) . The Service concuned 
with these determinations. 



Eastem indigo snake 

Eastem indigo snakes may occupy a broad range of habitats from scrub and sandhill 
communities, to wet prairies and swamps, near the Poseidon dredged material management area 
(DMMA) where fill material will be obtained for the project. The eastem indigo snake is most 
strongly associated with high, dry, well-drained sandy soils, and closely parallels habitat 
preferred by the gopher tortoise (Gopherus polyphemus), a state of Florida listed species. The 
Service recommends that the Corps implement the Service's Standard Protection Measures for 
the Eastem Indigo snake during the construction phase of the project. Those measures can be 
found at the Service' s Jacksonville Ecological Service Field Office website at 
http:/ /northtlorida. fvYS.!lov/lndi!loSnakes/east -ind igo-snake-measures-071299 .htm. With 
inclusion of these conditions, the project may affect, but is not likely to adversely affect the 
Eastem indigo snake. 

Florida manatee 

The Corps also detem1ined that the proposed project may affect but is not likely to adversely 
affect the Florida manatee. The Service has reviewed the Biological Assessment and concurs 
that, if the Standard Manatee Construction Conditions are made a condition of the permit and 
implemented, then these activities will not result in take of the Florida manatee. We also 
conclude that these activities will not adversely modify its critical habitat. That finding will 
fulfill section 7 requirements of the Act. In addition, because no incidental take of manatees is 
anticipated, no such authorization under the Marine Mammal Protection Act (MMP A) would be 
needed. 

Southeastern beach mouse 

The Southeastern beach mouse is found at Cape Canaveral Air Force Station. The Poseidon 
DMMA upland stockpile site is located along the north bank of the harbor and substantially 
separated from the beach and dunes. The Corps also determined that the proposed project may 
affect but is not likely to adversely affect the southeastern beach mouse. The Service concurs 
with this determination provided that no less than two weeks prior to the excavation of the 
existing upland stockpile a beach mouse habitat assessment must be conducted within the area of 
impact. The presence of any mouse bunows and tracks within the impact area must be recorded 
and mapped. The Corps must contact the Service with this infmmation. If there are no beach 
mouse tracks and burrows at the Poseidon DMMA upland stockpile site, the Service concurs that 
the project may affect, but is not likely to adversely affect the southeastern beach mouse. If 
tracks and borrows are presents at the Poseidon DMMA upland stockpile site, the Corps will 
reinitiate consultation. 
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Piping plover 

The Corps also determined that the proposed project may affect but is not likely to adversely 
affect the piping plover. Optimal habitat consists ofwashover passes, inlets, lagoons, and mud 
and sand flats. The Corps provided information that optimal piping habitat was not found within 
the project area. The Service concurs that the project may affect, but is not likely to adversely 
affect the non-breeding piping plover. 

Consultation History 

The Mid Reach shoreline was deleted from the originally proposed federal project limits in 1996 
because of environmental concerns related to the burial of the existing nearshore rock outcrops 
by conventional beach nourishment. The Service determined that in order to fm1her consider 
beach nourishment alternatives along the Mid-Reach, it would be necessary to (1) more 
definitively map the rock resource, (2) demonstrate the severity of the beach erosion problem 
relative to the local abundance of the rock, (3) evaluate alternative solutions and their potential 
environmental impacts, and ( 4) present a specific plan or proposal for comment. 

On April 1, 2005, the Corps issued a seeping letter to all appropriate stakeholders including the 
Service. On August 23, 2005, the Service agreed to review and coordinate the Fish and Wildlife 
Coordination Act Report (FWCAR). On September 8, 2005, the Corps and the local sponsor 
held a public scoping meeting. 

On December 8, a meeting was held with representatives of the Corps, the Florida Department of 
Protection (FDEP), National Marine Fisheries Service (NMFS), Florida Fish and Wildlife 
Conservation Commission (FWC), Olsen and Associates, Dynamac, and the Service. 

On December 8, 2005, and February 15, 2005, interagency meetings were held. On March 21 , 
2006, the Service accepted the Corps invitation to be a cooperating agency. On November 7, 
2007, a draft FWCAR is provided to the Service. On August 12, 2008, the Service provided a 
revised draft FWCAR to the Corps. 

In addition to the above coordination, the Regulatory Division of the Corps initiated f01mal 
Section 7 consultation with the Service for the beach nourishment and shoreline stabilization 
project for Brevard Mid Reach area. This consultation resulted in the issuance of a BO dated 
February 1, 2006. 

The Corps submitted a revised BA on December 23, 2008. The Service sent the Corps a draft 
BOon March 18, 2009. The Corps provided comments on March 27, 2009. 

On April 9, 2009, the Corps provided final comments to the draft BO. 

The Service had sufficient information to issue a BO for the proposed project. Information for 
this BO was obtained by email conespondence, meetings, site visits, telephone conversations 
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and other sources of information. A complete administrative record of this consultation is on file 
at the Service's Jacksonville Field Office. 

BIOLOGICAL OPINION 

DESCRIPTION OF THE PROPOSED ACTION 

Brevard County is located on Florida's central Atlantic coast and includes about 72 miles of 
sandy, ocean shoreline. Of this, 32 miles are mostly undeveloped federal coastline north of 
Canaveral Harbor Entrance. The other forty miles feature a diverse mix of public, private, and 
federal oceanfront development. The Service has described the action area to include 7.8 miles 
of this developed shoreline, from the south end of Patrick AFB to just north oflndialantic (R
Monument 75.4 toR-Monument 119) for reasons that will be explained and discussed in the 
"EFFECTS OF THE ACTION" section ofthis consultation. This 7.8-mile area is referred to as 
the "Mid-Reach". There have been no prior, significant beach nourishment projects constructed 
along the Mid-Reach shoreline. Small-scale, truck-haul placement of sand against the eroded 
bluffline has been conducted by property ow11ers at many locations after storm events. 

The Corps divided the Mid-Reach into six "sub-reaches". The proposed project consists of 
placing beach quality sand within the 6-sub-reaches of the Mid-Reach. Sub-Reach 1 (R
Monument 119 to R-Monument 1 09) consists of a 1 0-foot extension of the mean high water line 
plus advanced nourishment to maintain that design fill volume. Sub-Reach 2 and 3 (R
Monument 109 toR-Monument 99, a 10-foot extension ofthe mean high water line plus 
advanced nourishment to maintain that design fill volume in Sub-Reach 4 and 5 (R-Monument 
99 toR-Monument 83), and a dune fill with no added advanced nourishment in Sub-Reach 6 (R
Monument 83 toR-Monument 75.4). Approximately 573,000 cubic yards of sand will be placed 
at initial construction. Fill will be obtained from the Poseidon DMMA at Port Canaveral. 
Dredging material from Canaveral shoals with placement into the Poseidon DMMA will occur 
every 6 years, and hauling by dump truck to the Mid-Reach for placement on the beach will 
occur at approximately 3-year intervals. The fill material will be similar in both coloration and 
grain size distribution to the native beach. The fill material will be free of construction debris, 
rocks, or other foreign matter and will not contain, on average, greater than 10 percent fines (i.e., 
silt and clay) (passing the #200 sieve) and will not contain, on average, greater than 5 percent 
coarse gravel or cobb_les, exclusive of shell material (retained by the #4 sieve). The Corps has 
committed not to do the work during the sea turtle nesting season, May 1 through October 31. 

The proposed plan includes a total of 3. 0 acres of direct and indirect impacts to the nearshore 
rock resources, however, 1.4 acres is expected to include some temporal variation as the 
advanced nourishment erodes. Mitigation for impacts was calculated from the Uniform 
Mitigation Assessment Method (UMAl\1), resulting in 4.8 acres of mitigation reef to be created. 
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A dune feature will be incorporated into the beach fill template design. The dune-only fill 
template will extend landward on a 1:1.5 slope to an elevation that matches the existing dune 
crest elevation. It will then tie into the existing dune with a flat section. The template will 
follow a 1:6 slope ration seaward to intersect with the existing grade. The dune + beach face 
template consists of a dune feature that extends landward on a 1 :8 slope followed by a 1:1.5 
slope elevation upward to the native dune. The bem1 elevation is on a 1 :40 slope to intersect 
with the upper beach face. The upper beach face slopes landward from the mean high water line 
at a 1:8 slope to intersect with the 1:40 berm slope. The swash zone section extends seaward 
from the mean high water line on a 1:8 slope seaward until intersection with the existing grade. 

Conservation Measures 

Sea Tmtles 

l. The Corps will place material on the beach between November 1 and April 30 to avoid 
the majority of sea turtle nesting activities. 

2. The Mid-Reach project will utilize trucks to place beach fill, and the work will occur 
during the daytime only. 

3. F\VC and the local sponsor have an agreetnent to conduct sea tt1rtle n1onitoring for a 
minimum of two additional nesting seasons after the nourishment event if placed sand 
remams. 

STATUS OF THE SPECIES/CRITICAL HABITAT 

The Service has responsibility for implementing recovery of sea turtles when they come ashore 
to nest. This BO addresses nesting sea turtles, their nests and eggs, and hatchlings as they 
emerge from the nest and crawl to the sea. The National Oceanic and Atmospheric 
Administration's National Marine Fisheries Service (NMFS) has jurisdiction over sea turtles in 
the marine environment. 

Species/critical habitat description 

Loggerhead Sea Turtle 

The loggerhead sea tmtle was listed as a threatened species on July 28, 1978 (43 FR 32800). 
The loggerhead occurs throughout the temperate and tropical regions of the Atlantic, Pacific, and 
Indian Oceans. 

Within the continental U.S. , loggerheads nest from Texas to Virginia with major nesting 
concentrations found in South Florida. Additional nesting concentrations occur on coastal 
islands ofNo11h Carolina, South Carolina, and Georgia, and on the Atlantic and Gulf coasts of 
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Florida (NMFS and Service 1991 b). Within the western Atlantic, loggerheads also nest in 
Mexico and the Caribbean. 

The loggerhead sea turtle grows to an average weight of about 200 pounds and is characterized 
by a large head with blunt jaws. Adults and subadults have a reddish-brown carapace. Scales on 
the top of the head and top of the flippers are also reddish-brown with yellow on the borders. 
Hatchlings are a dull brown color (NMFS 2002a). The loggerhead feeds on mollusks, 
crustaceans, fish, and other marine animals. 

The loggerhead occurs throughout the temperate and tropical regions of the Atlantic, Pacific, and 
Indian Oceans. However, the majority of loggerhead nesting is at the western rims of the 
Atlantic and Indian Oceans. It may be found hundreds of miles out to sea, as well as in inshore 
areas such as bays, lagoons, salt marshes, creeks, ship channels, and the mouths of large rivers. 
Coral reefs, rocky places, and ship wrecks are often used as feeding areas. Nesting occurs 
mainly on open beaches or along nanow bays having suitable sand, and often in association with 
other species of sea turtles. 

No critical habitat has been designated for the loggerhead sea turtle. 

Green Sea Turtle 

The green sea turtle was federally listed as a protected species on July 28, 1978 (43 FR 32800). 
Breeding populations of the green turtle in Florida and along the Pacific Coast of Mexico are 
listed as endangered; all other populations are listed as threatened. The green sea turtle has a 
worldwide distribution in tropical and subtropical waters. Major green turtle nesting colonies in 
the Atlantic occur on Ascension Island, Aves Island, Costa Rica. and Surinam. Within the U.S., 
green turtles nest in small numbers in the U.S. Virgin Islands and Puerto Rico, and in larger 
numbers along the east coast of Florida, particularly in Brevard, Indian River, St. Lucie, Martin, 
Palm Beach, and Broward Counties (NMFS and Service 1991a). Nesting also has been 
documented along the Gulf coast of Florida from Escambia County through Franklin County in 
northwest Florida and from Pinellas County through Collier County in southwest Florida (FWC 
Statewide Nesting Beach Survey database). Green turtles have been known to nest in Georgia, 
but only on rare occasions (Georgia Department ofNatural Resources statewide nesting 
database). The green turtle also nests sporadically in North Carolina and South Carolina (North 
Carolina Wildlife Resources Commission statewide nesting database; South Carolina 
Department of Natural Resources statewide nesting database). Unconfirmed nesting of green 
turtles in Alabama has also been reported (Bon Secour National Wildlife Refuge nesting reports) . 

Green sea turtles are generally found in fairly shallow waters (except when migrating) inside 
reefs, bays, and inlets. The green turtle is attracted to lagoons and shoals with an abundance of 
marine grass and algae. Open beaches with a sloping platform and minimal disturbance are 
required for nesting. 
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The green sea turtle grows to a maximum size of about 4 feet and a weight of 440 pounds. It has 
a heart-shaped shell, small head, and single-clawed flippers. The carapace is smooth and colored 
gray, green, brown and black. Hatchlings are black on top and white on the bottom (NMFS 
2002b ). Hatchling green turtles eat a variety of plants and animals, but adults feed almost 
exclusively on seagrasses and marine algae. 

Critical habitat for the green sea turtle has been designated for the waters surrounding Culebra 
Island, Puerto Rico, and its outlying keys. 

Leatherback Sea Turtle 

The leatherback sea turtle, listed as an endangered species on June 2, 1970 (35 FR 8491 ), nests 
on shores of the Atlantic, Pacific and Indian. Oceans. Leatherbacks have the widest distribution 
of the sea tmtles with nesting on beaches in the tropics and sub-tropics and foraging excursions 
into higher-latitude sub-polar waters. They have evolved physiological and anatomical 
adaptations (Frair et al. 1972, Greer et al. 1973) that allow them to exploit waters far colder than 
any other sea turtle species would be capable of surviving. Non-breeding animals have been 
recorded as far north as the British Isles and the Maritime Provinces of Canada and as far south 
as Argentina and the Cape of Good Hope (Pritchard 1992). Nesting grounds are distributed 
worldwide, with the Pacific Coast of Mexico historically supporting the world's largest known 
concentration of nesting leatherbacks. The largest nesting colony in the wider Caribbean region 
is found in French Guiana, but nesting occurs frequently, although in lesser numbers, from Costa 
Rica to Columbia and in Guyana, Surinam, and Trinidad (NMFS and Service 1992; National 
Research Council l990a). 

The leatherback regularly nests in the U.S., in Puerto Rico, the U.S. Virgin Islands, and along the 
Atlantic coast of Florida as far north as Georgia (NMFS and Service 1992). Leatherback turtles 
have been known to nest in Georgia, South Carolina, and North Carolina, but only on rare 
occasions (Nmth Carolina Wildlife Resources Commission; South Carolina Department of 
Natural Resources; and Georgia Department ofNatural Resources statewide nesting databases). 
Leatherback nesting has also been reported on the northwest coast of Florida (LeBuff 1990; 
FWC Statewide Nesting Beach Survey database); and in southwest Florida a false crawl (non
nesting emergence) has been observed on Sanibel Island (LeBuff 1990). 

This is the largest, deepest diving of all sea turtle species. The adult leatherback can reach 4 to 8 
feet in length and weigh 500 to 2,000 pounds. The carapace is distinguished by a rubber-like 
texture, about 1.6 inches thick, made primarily of tough, oil-saturated connective tissue. 
Hatchlings are dorsally mostly black and are covered with tiny scales; the flippers are edged in 
white, and rows of white scales appear as stripes along the length of the back (NMFS 2002c ). 
Jellyfish are the main staple of its diet, but it is also known to feed on sea urchins, squid, 
crustaceans, tunicates, fish, blue-green algae, and floating seaweed. 
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Marine and terrestrial critical habitat for the leatherback sea turtle has been designated at Sandy 
Point on the westem end of the island of St. Croix, U.S. Virgin Islands (50 CFR 17.95). 

Hawksbill Sea Turtle 

The hawksbill sea turtle was listed as an endangered species on June 2, 1970 (35 FR 8491). The 
hawks bill is found in tropical and subtropical seas of the Atlantic, Pacific, and Indian Oceans. 
The species is widely distributed in the Caribbean Sea and westem Atlantic Ocean. Within the 
continental U.S., hawksbill sea turtle nesting is rare and is restricted to the southeastern coast of 
Florida (Volusia through Dade Counties) and the Florida Keys (Monroe County) (Meylan 1992; 
Meylan et al. 1995). However, hawksbill tracks are difficult to differentiate from those of 
loggerheads and may not be recognized by surveyors. Therefore, surveys in Florida likely 
underestimate actual hawksbill nesting numbers (Meylan et al. 1995). In the U.S. Caribbean, 
hawksbill nesting occurs on beaches throughout Puerto Rico and the U.S. Virgin Islands (NMFS 
and Service 1993 ). 

Hawksbills typically weigh around 176 pounds or less in the wider Caribbean; hatchlings 
average about 1.6 inches straight length and range in weight from 0.5 to 0.7 ounces. The 
carapace is heart shaped in young turtles, and becomes more elongated or egg-shaped with 
maturity. The top scutes are often richly patterned with ir:regularly radiating streaks of brown or 
black on an amber background. The head is elongated and tapers sharply to a point. The lower 
jaw is V -shaped (NMFS 2002d). 

Critical habitat for the hawksbill sea turtle has been designated for selected beaches and/or 
waters of Mona, Monito, Culebrita, and Culebra Islands, Puerto Rico. 

Kemp's Ridley Sea Turtle 

The Kemp's ridley sea turtle was listed as endangered on December 2, 1970 (35 FR 18320). The 
Kemp's ridley, along with the flatback sea turtle (Natator depressus) , has the most 
geographically restricted distribution of any sea turtle species. The range of the Kemp's ridley 
includes the Gulf coasts of Mexico and the U.S., and the Atlantic coast of North America as far 
north as Nova Scotia and Newfoundland. The majority of nesting for the entire species occurs 
on the primary nesting beach at Rancho Nuevo (Marquez-M. 1994). 

Outside of nesting, adult Kemp's ridleys are believed to spend most of their time in the Gulf of 
Mexico, while juveniles and subadults also regularly occur along the eastern seaboard of the U.S. 
(Service and NMFS 1992). There have been rare instances when immature ridleys have been 
documented making transatlantic movements (Service and NMFS 1992). It was originally 
speculated that ridleys that make it out of the Gulf of Mexico might be lost to the breeding 
population (Hendrickson 1980), but data indicate that many of these turtles are capable of 
moving back into the Gulf of Mexico (Henwood and Ogren 1987). In fact , there are documented 
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cases of ridleys captured in the Atlantic that migrated back to the nesting beach at Rancho Nuevo 
(Schmid and Witzell 1997, Schmid 1998, Witzell 1998). 

Hatchlings, after leaving the nesting beach, are believed to become· entrained in eddies within the 
Gulf of Mexico, where they are dispersed within the Gulf and Atlantic by oceanic surface 
currents until they reach about 7. 9 inches in length, at which size they enter coastal shallow 
water habitats (Ogren 1989). 

No critical habitat has been designated for the Kemp's ridley sea turtle. 

Life history 

Loggerhead Sea Turtle 

Loggerheads are long-lived, slow-growing animals that use multiple habitats across entire ocean 
basins throughout their life history. This complex life history encompasses terrestrial, nearshore, 
and open ocean habitats. The three basic ecosystems in which loggerheads live are the: 

1. Terrestrial zone (supralittoral) -the nesting beach where both oviposition (egg laying) 
and embryonic development and hatching occur. 

2. Neritic zone- the inshore marine environment (from the surface to the sea floor) where 
water depths do not exceed 656 feet (200 meters). The neritic zone generally includes the 
continental shelf, but in areas where the continental shelf is very narrow or nonexistent, 
the neritic zone conventionally extends to areas where water depths are less than 656 feet 
(200 meters). 

3. Oceanic zone- the vast open ocean environment (from the surface to the sea floor) where 
water depths are greater than 656 feet (200 meters). 

Maximum intrinsic growth rates of sea turtles are limited by the extremely long duration of the 
juvenile stage and fecundity. Loggerheads require high survival rates in the juvenile and adult 
stages, common constraints critical to maintaining long-lived, slow-growing species, to achieve 
positive or stable long-term population grow1h (Congdon et al. 1993; Heppell 1998; Crouse 
1999; Heppell et al. 1999, 2003; Musick 1999). 

Life History Trait Data 

Clutch size (mean) 100-126 eggs1 

Incubation duration (varies depending on time of year and ? ' 

latitude) 
Range = 42-75 days-·.) 
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Juvenile (<87 em CCL) sex ratio 65-70% female4 

Pivotal temperature (incubation temperature that produces an 
29.o·c 5 

equal number of males and females) 

Nest productivity (emerged hatchlings/total eggs) x 100 
Ranae = 45-70%2

'
6 

(varies depending on site specific factors) e 

Clutch frequency (number of nests/female/season) 3-4 nests7 

Intemesting interval (number of days between successive 
12-15 days8 

nests within a season) 

Remigration interval (number of years between successive ?-"7 9 
nesting migrations) 

__ ) -.). years 

Nesting season late April-early September 

Hatching season late June-early November 

Age at sexual maturity 32-35 years 10 

Life span >57 years 11 

1 Dodd 1988. 
2 Dodd and Mackinnon (1999, 2000, 2001, 2002, 2003, 2004). 
3 B. Witherington, FWC, pers. comm. 2006 (information based on nests monitored throughout 

Florida beaches in 2005, n=865). 
4 National Marine Fisheries Service (2001); A. Foley, FWC, pers. comm. 2005. 
5 Mrosovsky ( 1988); Marcovaldi et a!. ( 1997). 
6 B. Witherington, FWC, pers. comm. 2006 (infmmation based on nests monitored throughout 

Florida beaches in 2005, n=l ,680). 
7 Murphy and Hopkins ( 1984 ); Frazer and Richardson ( 1985); Ehrhart, unpublished data. 
8 Caldwell (1962), Dodd (1988). 
9 Richardson et al. (1978); Bjomdal et al. (1983); Ehrhart, unpublished data. 
10 M. Snover, NMFS, pers. comm. 2005. 
11 Dahlen et al. (2000). 

Green Sea Turtle 

Green turtles deposit from one to nine clutches within a nesting season, but the overall average is 
about 3.3 nests. The interval between nesting events within a season varies around a mean of 
about 13 days (Hirth 1997). Mean clutch size varies widely among populations. Average clutch 
size reported for Florida was 136 eggs in 130 clutches (Witherington and Ehrhart 1989). Only 
occasionally do females produce clutches in successive years. Usually two, three, four or more 
years intervene between breeding seasons (NMFS and Service 1991 a). Age at sexual maturity is 
believed to be 20 to 50 years (Hirth 1997). 
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Leatherback Sea Tmtle 

Leatherbacks nest an average of five to seven times within a nesting season, with an observed 
maximum of 11 nests (NMFS and Service 1992). The interval between nesting events within a 
season is about 9 to 10 days. Clutch size averages 80 to 85 yolked eggs, with the addition of 
usually a few dozen smaller, yolkless eggs, mostly laid toward the end of the clutch (Pritchard 
1992). Nesting migration intervals of 2 to 3 years were observed inleatherbacks nesting on the 
Sandy Point National Wildlife Refuge, St. Croix, U.S. Virgin Islands (McDonald and Dutton 
1996). Leatherbacks are believed to reach sexual maturity in 6 to 10 years (Zug and Parham 
1996). 

Hawksbill Sea Turtle 

Hawksbills nest on average about 4.5 times per season at intervals of approximately 14 days 
(Corliss eta!. 1989). In Florida and the U.S. Caribbean, clutch size is approximately 140 eggs, 
although several records exist of over 200 eggs per nest (NMFS and Service 1993). On the basis 
of limited information, nesting migration intervals of 2 to 3 years appear to predominate. 
Hawksbills are recruited into the reef environment at about 14 inches in length and are believed 
to begin breeding about 30 years later. However, the time required to reach 14 inches in length 
is unknown and growth rates vary geographically. As a result, actual age at sexual maturity is 
unknown. 

Kemp' s Ridley Sea Tuttle 

Nesting occurs from April into July during which time the turtles appear off the Tamaulipas and 
Veracruz coasts of Mexico. Precipitated by strong winds, the females swarm to mass nesting 
emergences, known as arribadas or arribazones, to nest during daylight hours. The period 
between Kemp's ridley arribadas averages approximately 25 days (Rostal et a!. 1997), but the 
precise timing of the arribadas is highly variable and unpredictable (Bernardo and Plotkin 2007). 
Clutch size averages 100 eggs and eggs typically take 45 to 58 days to hatch depending on 
temperatures (Marquez-M. 1994, Rostal 2007). 

Some females breed annually and nest an average of 1 to 4 times in a season at intervals of 10 to 
28 days. Analysis by Rostal (2007) suggested that ridley females lay approximately 3.075 nests 
per nesting. Interannual remigration rate for female ridleys is estimated to be approximately 1.8 
(Rostal 2007) to 2.0 years (Marquez Millan eta!. 1989, TEWG 2000). Age at sexual maturity is 
believed to be between 10 to 17 years (Snover et al. (2007). 
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Population dynamics 

Loggerhead Sea Turtle 

The loggerhead occurs throughout the temperate and tropical regions of the Atlantic, Pacific, and 
Indian Oceans. However, the majority of loggerhead nesting is at the western rims of the 
Atlantic and Indian Oceans. The most recent reviews show that only two loggerhead nesting 
beaches have greater than 10,000 females nesting per year (Baldwin et al. 2003, Ehrhart et al. 
2003, Kamezaki et al. 2003, Limpus and Limpus 2003, Margaritoulis et al. 2003): South Florida 
(U.S.) and Masirah (Oman). Those beaches with 1,000 to 9,999 females nesting each year are 
Georgia through North Carolina (U.S.), Quintana Roo and Yucatan (Mexico), Cape Verde 
Islands (Cape Verde, eastern Atlantic off Africa), and Western Australia (Australia). Smaller 
nesting aggregations with 100 to 999 nesting females annually occur in the Northern Gulf of 
Mexico (U.S.), Dry Tortugas (U.S.), Cay Sal Bank (Bahamas), Sergipe and Northern Bahia 
(Brazil), Southern Bahia to Rio de Janerio (Brazil), Tongaland (South Africa), Mozambique, 
Arabian Sea Coast (Oman), Halaniyat Islands (Oman), Cyprus, Peloponnesus (Greece), Island of 
Zakynthos (Greece), Turkey, Queensland (Australia), and Japan. 

The loggerhead is commonly found throughout the North Atlantic including the Gulf of Mexico, 
the northern Caribbean, the Bahamas archipelago, and eastward to West Africa, the western 
Mediterranean, and the west coast of Europe. 

The major nesting concentrations in the U.S. are found in South Florida. However, loggerheads 
nest from Texas to Virginia. Total estimated nesting in the U.S. has fluctuated between 47,000 
and 90,000 nests per year over the last decade (FWC, unpublished data; GDNR, unpublished 
data; SCDNR, unpublished data; NCWRC, unpublished data) . About 80% of loggerhead nesting 
in the southeast U.S. occurs in six Florida counties (Brevard, Indian River, St. Lucie, Martin, 
Palm Beach, and Broward Counties). Adult loggerheads are known to make considerable 
migrations between foraging areas and nesting beaches (Schroeder et al. 2003, Foley et al. in 
press). During non-nesting years, adult females from U.S. beaches are distributed in waters off 
the eastern U.S. and throughout the Gulf of Mexico, Bahamas, Greater Antilles, and Yucatan. 

From a global perspective, the U.S. nesting aggregation is of paramount imp01tance to the 
survival of the species and is second in size only to that which nests on islands in the Arabian 
Sea off Oman (Ross 1982, Ehrhart 1989). The status of the Oman loggerhead nesting 
population, reported to be the largest in the world (Ross 1979), is uncertain because of the lack 
of long-term standardized nesting or foraging ground surveys and its vulnerability to increasing 
development pressures near major nesting beaches and threats from fisheries interaction on 
foraging grounds and migration routes (E. Possardt, Service, personal communication 2005). 
The loggerhead nesting aggregations in Oman, the U.S., and Australia account for about 88% of 
nesting worldwide (NMFS and Service 199lb). 
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Green Sea Turtle 

About 150 to 3,000 females are estimated to nest on beaches in the continental U.S. annually 
(FWC 2005). In the U.S. Pacific, over 90 percent of nesting throughout the Hawaiian 
archipelago occurs at the French Frigate Shoals, where about 200 to 700 females nest each year 
(NMFS and Service 1998a). Elsewhere in the U.S. Pacific, nesting takes place at scattered 
locations in the Commonwealth of the Northern Marianas, Guam, and American Samoa. In the 
western Pacific, the largest green turtle nesting aggregation in the world occurs on Raine Island, 
Australia, where thousands of females nest nightly in an average nesting season (Lim pus et a!. 
1993). In the Indian Ocean, major nesting beaches occur in Oman where 30,000 females are 
repo11ed to nest annually (Ross and Barwani 1995). 

Leatherback Sea Turtle 

A dramatic drop in nesting numbers has been recorded on major nesting beaches in the Pacific. 
Spotila et al. (2000) have highlighted the dramatic and possible extirpation ofleatherbacks in the 
Pacific. 

The East Paci fic and Malaysia leatherback populations have collapsed. Spotila eta!. (1996) 
estimated that only 34,500 females nested annually worldwide in 1995, which is a dramatic 
decline from the 115,000 estimated in 1980 (Pritchard 1982). In the eastern Pacific, the major 
nesting beaches occur in Costa Rica and Mexico. At Playa Grande, Costa Rica, considered the 
most important nesting beach in the eastern Pacific, numbers have dropped from 1,367 
leatherbacks in 1988-1989 to an average of 188 females nesting between 2000-2001 and 2003-
2004. In Pacific Mexico, in 1982 through aerial surveys of adult female leatherbacks this area 
became the most important leatherback nesting beach in the world. Tens of thousands of nests 
were laid on the beaches in 1980s but during the 2003-2004 seasons a total of 120 nests were 
recorded. In the western Pacific, the major nesting beaches lie in Papua New Guinea, Papua, 
Indonesia, and the Solomon Islands. These are some of the last remaining significant nesting 
assemblages in the Pacific. Compiled nesting data estimated approximately 5,000-9,200 nests 
annually with 75% of the nests being laid in Papua, Indonesia. 

However, the most recent population size estimate for the North Atlantic alone is a range of 
34,000-94,000 adult leatherbacks (Turtle Expert Working Group 2007). In Florida, an increase in 
leatherback nesting numbers from 98 nests in 1989 to between 800 and 900 nests in the early 
2000s has been documented. 

Nesting in the Southern Caribbean occurs in the Guianas (Guyana. Suriname, and French 
Guiana). Trinidad. Dominica, and Venezuela. The largest nesting populations at present occur in 
the western Atlantic in French Guiana vvith nesting varying between approximately 5,029 and 
63.294 nests between 1967 and 2005 (Turtle Expert Working Group 2007). Trinidad supports 
an estimated 6,000 leatherbacks nesting annually, which represents more than 80% of the nesting 
in the insular Caribbean Sea. Leatherback nesting along the Caribbean Central American coast 
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takes place between the Honduras and Colombia. In Atlantic Costa Rica, at Tortuguero the 
number of nests laid annually between 1995 and 2006 was estimated to range from 199-1 ,623; 
modeling of these data indicated that the nesting population has decreased by 67.8% over this 
time period. 

In Puerto Rico, the main nesting areas are at Fajardo on the main island of Puerto Rico and on 
the island of Culebra. Between 1978 and 2005, nesting increased in Puerto Rico with a 
minimum of 9 nests recorded in 1978 and a minimum of 469-882 nests recorded each year 
between 2000 and 2005. Recorded leatherback nesting on the Sandy Point National Wildlife 
Refuge on the island of St. Croix, U.S. Virgin Islands between 1990 and 2005, ranged from a 
low of 143 in 1990 to a high of 1,008 in 2001. In the British Virgin Islands, annual nest numbers 
have increased in Tortola from 0-6 nests per year in the late 1980s to 35-65 nests per year in the 
2000s. 

The most important nesting beach for leatherbacks in the eastern Atlantic lies in Gabon, Africa. 
It was estimated there were 30,000 nests along 60 miles (96.5 km) ofMayumba Beach in 
southern Gabon during the 1999 - 2000 nesting season. Some nesting has been reported in 
Mauritania, Senegal, and the Bijagos Archipelago of Guinea-Bissau, Turtle Islands and Sherbro 
Island of Sierra Leone, Liberia, Togo, Benin, Nigeria, Cameroon, Sao Tome and Principe, 
continental Equatorial Guinea, Islands of Corisco in the Gulf of Guinea and the Democratic 
Republic ofthe Congo, and Angola. A larger nesting population is found on the island ofBioko 
(Equatorial Guinea). 

Hawksbill Sea Turtle 

About 15,000 females are estimated to nest each year throughout the world with the Caribbean 
accounting for 20 to 30 percent of the world' s hawksbill population. Only five regional 
populations remain with more than 1,000 females nesting annually (Seychelles, Mexico, 
Indonesia, and two in Australia) (Meylan and Donnelly 1999). Mexico is now the most 
important region for hawksbills in the Caribbean with about 3,000 nests/year (Meylan 1999). 
Other significant but smaller populations in the Caribbean still occur in Martinique, Jamaica, 
Guatemala, Nicaragua, Grenada, Dominican Republic, Turks and Caicos Islands, Cuba, Puerto 
Rico, and U.S. Virgin Islands. In the U.S. Caribbean, about 150 to 500 nests per year are laid on 
Mona Island, Puerto Rico and 70 to 130 nests/year are laid on Buck Island ReefNational 
Monument, U.S. Virgin Islands. In the U.S. Pacific, hawksbills nest only on main island beaches 
in Hawaii, primarily along the east coast of the island of Havvaii. Hawksbill nesting has also 
been documented in American Samoa and Guam (NMFS and Service 1998b ). 
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Kemp's Ridley Sea Turtle 

Most Kemp's ridleys nest on the coastal beaches of the Mexican states of Tamauli pas and 
Veracruz, although a small number of Kemp's ridleys nest consistently along the Texas coast 
(Turtle Expert Working Group 1998). In addition, rare nesting events have been reported in 
Alabama, Florida, Georgia, South Carolina, and North Carolina. Historic information indicates 
that tens of thousands of ridleys nested near Rancho Nuevo, Mexico, during the late 1940s 
(Hildebrand 1963). The Kemp's ridley population experienced a devastating decline between the 
late 1940s and the mid 1980s. The total number of nests per nesting season at Rancho Nuevo 
remained below 1 ,000 throughout the 1980s, but gradually began to increase in the 1990s. In 
2007, 11,268 nests were documented along the 18.6 miles (30 km) of coastline patrolled at 
Rancho Nuevo, and the total number of nests documented for all the monitored beaches in 
Mexico was 15,032 (Service 2007c). During the 2007 nesting season, an arribada with an 
estimated 5,000 turtles was recorded at Rancho Nuevo from May 20 to May 23. In addition, 128 
nests were recorded during 2007 in the U.S., primarily in Texas. 

Status and Distribution 

Loggerhead Sea turtle 

A combination of geographic distribution of nesting densities, geographic separation, and 
geopolitical boundaries, in addition to genetic differences, were used to reassess the designation 
of subpopulations within the U.S. to identify recovery units for the Northwest Atlantic 
population of the loggerhead (NMFS and Service 2008). Five units were designated; the first 
four recovery units represent nesting assemblages in the southeast U.S. The fifth recovery unit 
includes all other nesting assemblages within the Northwest Atlantic. 

(1) The Northern Recovery Unit is defined as loggerheads originating from nesting beaches 
from the Florida-Georgia border through southern Virginia (the northern extent of the nesting 
range). Annual nest totals for this recovery unit averaged 5,215 nests from 1989-2008. The 
loggerhead nesting trend from daily beach surveys showed a significant decline of 1.3% annually 
since 1983. Nest totals from aerial surveys conducted by SCDNR showed a 1.9% annual decline 
in nesting in South Carolina since 1980. Overall, there is strong statistical evidence to suggest 
the Northern Recovery Unit has experienced a long-term decline; 

(2) Peninsula Florida Recovery Unit is defined as loggerheads originating from nesting beaches 
from the Florida-Georgia border through Pinellas County on the west coast of Florida, excluding 
the islands west of Key West, Florida. Annual nest totals for this recovery unit averaged 64,513 
nests from 1989-2007. An analysis of index nesting beach survey data has shown a decline in 
nesting. Results of the analysis indicated that there has been a decrease of26% over the 20-year 
period from 1989-2008 and a 41% decline since 1998. The mean annual rate of decline for the 
20-year period was 1.6%; 
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(3) Dry Tortugas Recovery Unit is defined as loggerheads originating from nesting beaches 
throughout the islands located west of Key West, Florida. Annual nest totals for this recovery 
unit averaged 246 nests from 1995-2004 (surveys not conducted in 2002). The nesting trend data 
for the Dry Tortugas Recovery Unit are from beaches that are not part of the Florida index 
nesting beach survey program but are pa11 of the statewide nesting beach survey program. There 
are 9 years of data for this recovery unit. A simple linear regression accounting for temporal 
autoconelation revealed no trend in nesting numbers. Because of the annual variability in nest 
totals, a longer time series is needed to detect a trend; 

( 4) Northern Gulf of Mexico Recovery Unit is defined as loggerheads originating from nesting 
beaches from Franklin County on the northwest Gulf coast of Florida through Texas. Annual 
nest totals for this recovery unit averaged 906 nests from 1995-2007. Evaluation of long-term 
nesting trends for the Northern Gulf of Mexico Recovery Unit is difficult because of changed 
and expanded beach coverage. However, there are 12 years of Florida index nesting beach 
survey data for the Northern Gulf of Mexico Recovery Unit. A log-linear regression showed a 
significant declining trend of 4.7% annually; and 

(5) Greater Caribbean Recovery Unit is composed of loggerheads originating from all other 
nesting assemblages within the Greater Caribbean (Mexico through French Guiana, The 
Bahamas, Lesser Antilles, and Greater Antilles. Statistically valid analyses of long-term nesting 
trends for the entire Greater Caribbean Recovery Unit are not available because there are few 
long-term standardized nesting surveys representative of the region. Additionally, changing 
survey effort at monitored beaches and scattered and low-level nesting by loggerheads at many 
locations cmTently precludes comprehensive analyses. The most complete data are from 
Quintana Roo, Yucatan, Mexico, where an increasing trend was reported over a 15-year period 
from 1987-2001. However, nesting since 2001 has declined and the previously reported 
increasing trend appears not to have been sustained. Other smaller nesting populations have 
experienced declines over the past few decades. 

Recoverv Criteria 

1. Number ofNests and Number of Nesting Females 

a. Northern Recoverv Unit 
(i) The annual rate of increase over a generation time of 50 years is 2% or greater. 
(ii) This increase in number of nests must be a result of corresponding increases in 
number of nesting females. 

b. Peninsular Florida Recovery Unit 
(i) The annual rate of increase over a generation time of 50 years is statistically 
detectable ( 1%) resulting in a total annual number of nests of 106,100 or greater. 
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(ii) This increase in number of nests must be a result of corresponding increases in 
number of nesting females. 

c. Drv Tortugas Recovery Unit 
(i) The annual rate of increase over a generation time of 50 years is 3% or greater. 
(ii) This increase in number of nests must be a result of corresponding increases in 
number of nesting females. 

d. Northern Gulf of Mexico Recovery Unit 
(i) There is statistical confidence (95%) that the annual rate of increase over a 
generation time of 50 years is 3% or greater resulting in a total annual number of 
nests of 4,000 or greater. 
(ii) This increase in number of nests must be a result of corresponding increases in 
number of nesting females. 

e. Greater Caribbean Recovery Unit 
(i) The total annual number of nests at a minimum of three nesting assemblages, 
averaging greater than 100 nests am1t1ally (e.g., Yucatan, Mexico; Cay Sal Bank, 
The Bahamas) has increased over a generation time of 50 years. 
(ii) This increase in number of nests must be a result of corresponding increases in 
number of nesting females. 

2. Trends in Abundance on Foraging Grounds 
A network of in-water sites, oceanic and neritic, distributed across the foraging range is 
established and monitoring is implemented to measure abundance. There is statistical 
confidence (95%) that a composite estimate of relative abundance from these sites is 
increasing for at least one generation. 

3. Trends in Neritic Strandings Relative to In-water Abundance 
Stranding trends are not increasing at a rate greater than the trends in in-water relative 
abundance for similar age classes for at least one generation. 

Green Turtle 

Nesting data collected as prut of the Florida SNBS program (2000-2006) show that a mean of 
approximately 5,600 nests are laid each year in Florida. Nesting occurs in 26 counties with a 
peak along the east coast, from Volusia through Broward Counties. The green turtle nesting 
population of Florida appears to be increasing based on 19 years ( 1989-2007) of JNBS data from 
throughout the state. The increase in nesting in Florida is likely a result of several factors, 
including: (1) a Florida statute enacted in the early 1970s that prohibited the killing of green 
turtles in Florida; (2) the species listing under the ESA in 1973, affording complete protection to 
eggs, juveniles, and adults in all U.S. waters; (3) the passage of Florida's constitutional net ban 
amendment in 1994 and its subsequent enactment, making it illegal to use any gillnets or other 
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entangling nets in state waters; ( 4) the likelihood that the majority of Florida adult green turtles 
reside within Florida waters where they are fully protected; (5) the protections afforded Florida 
green turtles whi le they inhabit the waters of other nations that have enacted strong sea turtle 
conservation measures (e.g. , Bennuda); and (6) the listing of the species on Appendix I of 
CITES, which stopped intemational trade and reduced incentives for illegal trade from the U.S. 

Recoverv Criteria 

The U.S. Atlantic population of green sea turtles can be considered for delisting when, over a 
period of 25 years the following conditions are met: 

1. The level of nesting in Florida has increased to an average of 5,000 nests per year 
for at least six years. Nesting data shall be based on standardized surveys. 

2. At least 25 percent (65 miles) of all available nesting beaches (260 miles) are in 
public ownership and encompass at least 50 percent of the nesting activity. 

3. A reduction in stage class mot1ality is reflected in higher counts of individuals on 
foraging grounds. 

4. All priority one tasks identified in the recovery plan have been successfully 
implemented. 

The cuiTent "Recovery Plan for the U.S. Population of Atlantic Green Turtle (Chelonia mydas)" 
was completed in 1991. the Recovery Plan for U.S. Pacific Populations of the Green Turtle 
(Chelonia mydasf was completed in 1998, and the '·Recovery Plan for U.S. Pacific Populations 
of the East Pacific Green Turtle (Chelonia mydas)" was completed in 1998. The recovery 
criteria contained in the plans, while not strictly adhering to all elements of the Recovery 
Planning Guidelines (Service and NOAA), are a viable measure of the species status. 

Leatherback Sea Turtle 

Declines in leatherback nesting have occun·ed over the last two decades along the Pacific coasts 
of Mexico and Costa Rica. The Mexican leatherback nesting population. once considered to be 
the world's largest leatherback nesting population (historically estimated to be 65 percent of 
worldwide population), is now less than one percent of its estimated size in 1980. Spotila et al. 
(1996) estimated the number of leatherback sea tm1les nesting on 28 beaches throughout the 
world from the literature and from communications with investigators studying those beaches. 
The estimated worldwide population of leatherbacks in 1995 was about 34,500 females on these 
beaches with a lower limit of about 26.200 and an upper limit of about 42,900. This is less than 
one third the 1980 estimate of 115,000. Leatherbacks are rare in the Indian Ocean and in very 
low numbers in the western Pacific Ocean. The largest population is in the western Atlantic. 
Using an age-based demographic model, Spotila eta!. (1996) determined that leatherback 
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populations in the Indian Ocean and western Pacific Ocean cannot withstand even moderate 
levels of adult mortality and that even the Atlantic populations are being exploited at a rate that 
cannot be sustained. They concluded that leatherbacks are on the road to extinction and further 
population declines can be expected unless action is taken to reduce adult mortality and increase 
survival of eggs and hatchlings. 

In the U.S., nesting populations occur in Florida, Puerto Rico, and the U.S. Virgin Islands. In 
Florida, the SNBS program has documented an increase in leatherback nesting numbers from 98 
nests in 1988 to between 800 and 900 nests per season in the early 2000s (FWC SNBS; Stewart 
and Johnson 2006). Although the SNBS program provides information on distribution and total 
abundance statewide, it cannot be used to assess trends because of variable survey effort. 
Therefore, leatherback nesting trends are best assessed using standardized nest counts made at 
INBS sites surveyed with constant effort over time (1989-2007). An analysis of the INBS data 
has shown a substantial increase in leatherback nesting in Florida since 1989 (FWC INBS; Turtle 
Expert Working Group 2007). 

Recoverv Criteria 

The U.S. Atlantic population ofleatherbacks can be considered for delisting when the following 
conditions are met: 

I. The adult female population increases over the next 25 years, as evidenced by a 
statistically significant trend in the number of nests at Culebra, Puerto Rico, St. 
Croix, U.S. Virgin Island, and along the east coast of Florida. 

2. Nesting habitat encompassing at least 75 percent of nesting activity in U.S. Virgin 
Islands, Puerto Rico, and Florida is in public ownership. 

3. All priority one tasks identified in the recovery plan have been successfully 
implemented. 

The current "Recovery Plan for the Leatherback Turtles (Dermochelys coriacea)" in the U.S. 
Caribbean, Atlantic, and Gulf of Mexico" was signed in 1992 and the "Recovery Plan for U.S. 
Pacific Populations of the Leatherback Turtle (Dermochelys coriacea)" was signed in 1998. The 
recovery criteria contained in the plans, while not strictly adhering to all elements of the 
Recovery Planning Guidelines (Service and NOAA), are a viable measure of the species status. 

Hawksbill Sea Turtle 

The hawksbill sea turtle has experienced global population declines of 80 percent or more during 
the past century and continued declines are projected (Meylan and Donnelly 1999). Most 
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populations are declining, depleted, or remnants of larger aggregations. Hawks bills were 
previously abundant, as evidenced by high-density nesting at a few remaining sites and by trade 
statistics. 

Recovery Criteria 

The U.S. Atlantic population ofhawksbills can be considered for delisting when the following 
conditions are met: 

1. The adult female population is increasing, as evidenced by a statistically significant 
trend in the annual numbers of nests on at least five index beaches, including Mona 
Island and Buck Island Reef National Monument (BIRNM). 

2. Habitat for at least 50 percent of the nesting activity that occurs in the U.S. Virgin 
Islands (USVI) and Puerto Rico is protected in perpetuity. 

3. Numbers of adults, subadults, and juveniles are increasing, as evidenced by a 
statistically significant trend on at least five key foraging areas within Puerto Rico, 
USVI, and Florida. 

4. All priority one tasks identified in the recovery plan have been successfully 
implemented. 

Kemp's Ridley Sea Turtle 

Today, under strict protection, the population appears to be in the early stages of recovery. The 
recent nesting increase can be attributed to full protection of nesting females and their nests in 
Mexico resulting from a bi-national effort between Mexico and the U.S. to prevent the extinction 
of the Kemp's ridley, and the requirement to use Turtle Excluder Devices (TEDs) in shrimp 
trawls both in the United States and Mexico. 

The Mexico government also prohibits harvesting and is working to increase the population 
through more intensive law enforcement, by fencing nest areas to diminish natural predation, and 
by relocating most nests into corrals to prevent poaching and predation. While relocation of 
nests into corrals is currently a necessary management measure, this relocation and concentration 
of eggs into a ':safe" area is of concern since it makes the eggs more susceptible to reduced 
viability. 

Recovery Criteria 

The goal of the recovery plan is for the species to be reduced from endangered to threatened 
status. The Recovery Team members feel that the criteria for a complete removal of this species 
from the endangered species list need not be considered now, but rather left for future revisions 
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of the plan. Complete removal from the federal list would certainly necessitate that some other 
instrument of protection, similar to the Marine Mammal Protection Act, be in place and be 
international in scope. Kemp's ridley can be considered for reclassification to threatened status 
when the following four criteria are met: 

1. Protection of the known nesting habitat and the water adjacent to the nesting 
beach (concentrating on the Rancho Nuevo area) and continuation of the bi
national project. 

2. Elimination of the mortality from incidental catch from.commercial shrimping in 
the U.S. and Mexico tlu-ough the use ofTEDs and full compliance with the 
regulations requiring TED use. 

3. Attainment of a population of at least 10,000 females nesting in a season. 

4. All priority one recovery tasks in the recovery plan are successfully implemented. 

The cuiTent Recovery Plan for the Kemp' s Ridley Sea Turtle (Lepidochelys kempii) was signed 
in 1992. Significant new information on the biology and population status of Kemp's ridley has 
become available since 1992. Consequently, a full revision of the recovery plan has been 
undertaken by the Service and NMFS and is nearing completion. The revised plan will provide 
updated species biology and population status information, objective and measurable recovery 
criteria, and updated and prioritized recovery actions. The Service and NMFS completed a five
year status review of the Kemp 's ridley sea turtle in August 2007 (NMFS and Service 2007d). 
Recommendations provided in the five-year review focused on the protection of the species both 
in the water (enforcement ofTED use) and on land (nesting habitat). 

Common threats to sea turtles in Florida 

Anthropogenic (human) factors that impact hatchlings and adult female turtles on land, or the 
success of nesting and hatching include: beach erosion, armoring and nourishment; artificial 
lighting; beach cleaning; increased human presence; recreational beach equipment; beach 
driving; coastal construction and fishing piers; exotic dune and beach vegetation; and poaching. 
An increased human presence at some nesting beaches or close to nesting beaches has led to 
secondary threats such as the introduction of exotic fire ants, feral hogs, dogs, and an increased 
presence of native species (e.g., raccoons, armadillos, and opossums), which raid and feed on 
turtle eggs. Although sea turtle nesting beaches are protected along large expanses of the 
western North Atlantic coast, other areas along these coasts have limited or no protection. 

Anthropogenic threats in the marine environment include oil and gas exploration and 
transportation; marine pollution; underwater explosions; hopper dredging, offshore artificial 
lighting; power plant entrainment and/or impingement; entanglement in debris; ingestion of 
marine debris; marina and dock construction and operation; boat collisions; poaching and fishery 
interactions. 
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Fibropapillomatosis, a disease of sea turtles characterized by the development of multiple tumors 
on the skin and internal organs, is also a mortality factor, particularly for green turtles. This 
disease has seriously impacted green turtle populations in Florida, Hawaii, and other parts of the 
world. The tumors interfere with swimming, eating, breathing, vision, and reproduction, and 
turtles with heavy tumor burdens may die. 

Climate change is evident from observations of increases in average global air ·and ocean 
temperatures, widespread melting of snow and ice, and rising sea level, according to the 
Intergovernmental Panel on Climate Change Report (IPCC 2007). The IPCC Report (2007) 
describes changes in natural ecosystems with potential wide-spread effects on many organisms, 
including marine mammals and migratory birds. The potential for rapid climate change poses a 
significant challenge for fish and wildlife conservation. Species' abundance and distribution are 
dynamic, relative to a variety of factors, including climate. As climate changes, the abundance 
and distribution of fish and wildlife will also change. Highly specialized or endemic species are 
likely to be most susceptible to the stresses of changing climate. Based on these findings and 
other similar studies, the Department of the Interior (DOl) requires agencies under its direction 
to consider potential climate change effects as part of their long-range platming activities 
(Service 2007). 

Temperatures are predicted to rise from 2°C to 5°C for North America by the end of this century 
(IPCC 2007a,b). Other processes to be affected by this projected wam1ing include rainfall 
(amount, seasonal timing and distribution), stonns (frequency and intensity), and sea level rise. 

Climatic changes in Florida could amplify current land management challenges involving habitat 
fragmentation, urbanization, invasive species, disease, parasites, and water management. Global 
warming will be a particular challenge for endangered, threatened, and other '·at risk" species. It 
is difficult to estimate, with any degree of precision, which species will be affected by climate 
change or exactly how they will be affected. The Service will use Strategic Habitat Conservation 
planning, an adaptive science-driven process that begins with explicit trust resource population 
objectives, as the framework for adjusting our management strategies in response to climate 
change (Service 2006). As the level of information increases concerning the effects of global 
climate change on sea turtles, the Service will have a better basis to address the nature and 
magnitude of this potential threat and will more effectively evaluate these effects to the range
wide status of sea turtles. 

Analysis of the species/critical habitat likely to be affected 

The proposed action has the potential to adversely affect nesting females, nests, and hatchlings 
within the proposed project area. The effects of the proposed action on sea turtles will be 
considered further in the remaining sections of this biological opinion. Potential effects include 
destruction of nests deposited within the boundaries of the proposed project, harassment in the 
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form of disturbing or interfering with female turtles attempting to nest within the construction 
area or on adjacent beaches as a result of construction activities, disorientation of hatchling 
turtles on beaches adjacent to the construction area as they emerge from the nest and crawl to the 
water as a result of project lighting, behavior modification of nesting females due to escarpment 
formation within the project area during a nesting season resulting in false crawls or situations 
where they choose marginal or unsuitable nesting areas to deposit eggs. The quality of the 
placed sand could affect the ability of female turtles to nest, the suitability of the nest incubation 
environment, and the ability of hatchlings to emerge from the nest. 

Critical habitat has not been designated in the continental United States; therefore, the proposed 
action would not result in an adverse modification. 

ENVIRONMENTAL BASELINE 

Status of the species within the action area 

Loggerhead Sea Turtle 

The loggerhead sea turtle nesting and hatching season for Southern Florida Atlantic beaches 
extends from March 15 through November 30. Incubation ranges from about 45 to 95 days. 

The Brevard Mid Reach project area has a significant number of loggerhead nests. The Mid 
Reach project lies within the south Brevard beaches area. Between 9,933 and 15,425 loggerhead 
nests were deposited annually on south Brevard County beaches from 2003 through 2007. 

Green Sea Turtle 

The green sea turtle nesting and hatching season for Southern Florida Atlantic extends from May 
1 through November 30. Incubation ranges from about 45 to 75 days. 

The Brevard Mid Reach project area has a significant number of green turtle nests. The Mid 
Reach project lies within the south Brevard beaches area. Between 615 and 4,461 green turtle 
nests were deposited annually .on south Brevard County beaches from 2003 through 2007. 

Leatherback Sea Tmtle 

The leatherback sea turtle nesting and hatching season for Southern Florida Atlantic beaches 
extends from February 15 through November 15. Incubation ranges from about 55 to 75 days. 
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The Brevard Mid Reach project area has had an increasing number of leatherback nests over the 
years. The Mid Reach project lies within the south Brevard beaches area. Between 12 and 74 
leatherback tmtle nests were deposited annually on south Brevard County beaches from 2003 
through 2007. 

Hawksbill Sea Turtle 

The hawksbill sea turtle nesting and hatching season for Southern Florida Atlantic beaches 
extends from June 1 through December 31. Incubation lasts about 60 days. 

Hawksbill sea turtle nesting is rare and is restricted to the southeastern coast of Florida (Vol usia 
through Dade Counties) and the Florida Keys (Monroe County) (Meylan 1992, Meylan et al. 
1995). However, hawksbill tracks are difficult to differentiate from those of loggerheads and 
may not be recognized by surveyors. Therefore, surveys in Florida likely underestimate actual 
hawksbill nesting numbers (Meylan et al. 1995). In the U.S. Caribbean, hawksbill nesting 
occurs on beaches throughout Puerto Rico and the U.S. Virgin Islands (National Marine 
Fisheries Service and U.S. Fish and Wildlife Service 1993). 

Factors affecting the species environment within the action area 

Coastal Development 

Loss of nesting habitat related to coastal development has had the greatest impact on nesting sea 
turtles in Florida. Beachfront development not only causes the loss of suitable nesting habitat, 
but can result in the disruption of powerful coastal processes accelerating erosion and 
interrupting the natural shoreline migration (National Research Council1990b). This may in 
turn cause the need to protect upland structures and infrastructure by armoring, groin placement, 
beach emergency berm construction and repair, and beach nourislunent which cause changes in, 
additional loss or impact to the remaining sea tuttle habitat. 

Hurricanes 

Hurricanes were probably responsible for maintaining coastal beach habitat upon which sea 
turtles depend through repeated cycles of destruction, alteration, and recovery of beach and dune 
habitat. Hurricanes generally produce damaging winds, storm tides and surges, and rain and can 
result in severe erosion of the beach and dune systems. Overwash and blowouts are common on 
barrier islands. Hurricanes and other storms can result in the direct or indirect loss of sea turtle 
nests, either by erosion or washing away of the nests by wave action or inundation or 
"drowning" of the eggs or hatchlings developing within the nest or indirectly by loss of nesting 
habitat. Depending on their frequency, stom1s can affect sea turtles on either a short-term basis 
(nests lost for one season and/or temporary loss of nesting habitat) or long term, if frequent 
(habitat unable to recover). How hurricanes affect sea turtle nesting also depends on its 
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characteristics (winds, storm surge, rainfall), the time of year (within or outside of the nesting 
season), and where the northeast edge of the hunicane crosses land. 

Because of the limited remaining nesting habitat, frequent or successive severe weather events 
could threaten the ability of certain sea htrtle populations to survive and recover. Sea turtles 
evolved under natural coastal environmental events such as htmicanes. The extensive amount of 
pre-development coastal beach and dune habitat allowed sea turtles to survive even the most 
severe hurricane events. It is only within the last 20 to 30 years that the combination of habitat 
loss to beachfront development and destruction of remaining habitat by hurricanes has increased 
the threat to sea turtle survival and recovery. On developed beaches, typically little space 
remains for sandy beaches to become re-established after periodic storms. While the beach itself 
moves landward during such storms, reconstruction or persistence of structures at their pre-storm 
locations can result in a major loss of nesting habitat. 

Erosion 

The designation of a Critically Eroded Beach is a planning requirement of the State's Beach 
Erosion Control Funding Assistance Program. A segment of beach shall fi rst be designated as 
critically eroded in order to be eligible for State funding. A critically eroded area is a segment of 
the shoreline where natural processes or human activity have caused or contributed to erosion 
and recession of the beach or dune system to such a degree that upland development, recreational 
interests, wildlife habitat, or important cultural resources are threatened or lost. Critically eroded 
areas may also include peripheral segments or gaps between identified critically eroded areas 
which, although they may be stable or slightly erosional now, their inclusion is necessary for 
continuity of management of the coastal system or for the design integrity of adjacent beach 
management projects (FDEP 2005). It is important to note, that for an erosion problem area to 
be critical, there shall exist a threat to or loss of one of four specific interests - upland 
development, recreation, wildlife habitat, or important cultural resources. The total of critically 
eroded beaches statewide in Florida for 2007 is 388 miles of 497 miles of shoreline. Seventy
eight (78) percent of the State' s shoreline is considered to be critically eroded. 

Beachfront Lighting 

Artificial beachfront lighting may cause disorientation (loss of bearings) and misorientation 
(incorrect orientation) of sea turtle hatchlings. Visual signs are the primary sea-finding 
mechanism for hatchlings (Mrosovsky and Carr 1967; Mrosovsky and Shettleworth 1968; 
Dickerson and Nelson 1989; Witherington and Bjomdal 1991 ). Artificial beachfront lighting is a 
documented cause of hatchling disorientation and misorientation on nesting beaches (Philibosian 
1976; Mann 1977; FWC 2006). The emergence from the nest and crawl to the sea is one of the 
most critical periods of a sea turtle's life. Hatchlings that do not make it to the sea quickly 
become food for ghost crabs, birds, and other predators or become dehydrated and may never 
reach the sea. Some types of beachfront lighting attract hatchlings away from the sea while 
some lights cause adult turtles to avoid stretches of brightly illuminated beach. Research has 
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documented significant reduction in sea turtle nesting activity on beaches illuminated with artificial 
lights (Witherington 1992). During the 2007 sea turtle nesting season in Florida, over 64,000 turtle 
hatchlings were documented as being disoriented (Table 1) (FWC/FWRI 2007, 
http://www.myfwc.com/seaturtle/Lighting/Light_ Disorient.htm). Exterior and interior lighting 
associated with condominiums had the greatest impact causing approximately 42 percent of 
documented hatchling disorientation/misorientation. Other causes included urban sky glow and 
street lights (http:/ /www.myfwc.com/seaturtle/Lighting/Light_ Disorient.htm). 

Table 1. Documented Disorientations along the Florida coast. 

Year Total Number Total Number Total Number 
of Hatchling of Hatchlings of Adult 
Disorientation Involved in Disorientation 
Events Disorientation Events 

Events 
2001 743 28,674 19 
2002 896 43,226 37 
2003 1,446 79,357 18 
2004 888 46,487 24 
2005 976 41 ,521 50 
2006 1,521 71 ,798 40 
2007 1,410 64,433 ;-_) 

2008 1192 49,623 62 

Predation 

Depredation of sea turtle eggs and hatchlings by natural and introduced species occurs on almost all 
nesting beaches. Depredation by a variety of predators can considerably decrease sea turtle nest 
hatching success. The most common predators in the southeastern United States are ghost crabs 
(Ocypode quadrata), raccoons (Procyon lotor), feral hogs (Sus scrofa), foxes (Urocyon 
cinereoargenteus and Vulpes vulpes), coyotes (Canis la!l-ans), am1adillos (Dasypus novemcinctus), 
cats (Felis catw), and fire ants (Solenopsis spp.) (Dodd 1988, Stancyk 1995). Raccoons are 
particularly destructive on the Atlantic coast and may take up to 96 percent of all nests deposited on 
a beach (Davis and Whiting 1977, Hopkins and Murphy 1980, Stancyk et al. 1980, Talbert et al. 
1980, Schroeder 1981, Labisky et al. 1986). As nesting habitat dwindles, it is essential that nest 
production be naturally maximized so the turtles may continue to exist in the wild. 

In response to increasing depredation of sea turtle nests by coyote, fox, hog, and raccoon, multi
agency cooperative efforts have been initiated and are ongoing throughout Florida, particularly on 
public lands. 

Climate Change 

Based on the present level of available information concerning the effects of global climate change 
on the status of sea turtles. the Service acknowledges the potential for changes to occur in the action 
area, but presently has no basis to evaluate if or how these changes are affecting sea turtles or its 
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designated critical habitat. Nor does our present knowledge allow the Service to project what the 
future effects from global climate change may be or the magnitude of these potential effects. 

CUMULATIVE EFFECTS 

Cumulative effects include the effects of future State, tribal, local, or private actions that are 
reasonably certain to occur in the action area considered in this biological opinion. Future Federal 
actions that are unrelated to the proposed action are not considered in this section because they 
require separate consultation pursuant to section 7 of the Act. The Service is not aware of any 
cumulative effects in the project area. 

CONCLUSION 

After reviewing the current status of the loggerhead, green, hawksbill, and leatherback turtle, the 
environmental baseline for the action area, the effects of the proposed beach nourishment, and the 
cumulative effects, it is the Service's biological opinion that the beach nourishment project, as 
proposed, is not likely to jeopardize the continued existence of the loggerhead, green, hawksbill, 
and leatherback turtle, and is not likely to destroy or adversely modify designated critical habitat. 
No critical habitat has been designated for the loggerhead, green, hawksbill, and leatherback turtle, 
in the continental United States; therefore, none will be affected. 

The proposed project will affect only 7.8 miles of the approximately l ,400 miles of available sea 
turtle nesting habitat in the southeastern U.S. Research has shown that the principal effect of beach 
nourishment on sea turtle reproduction is a reduction in nesting success, and this reduction is most 
often limited to the first year following project construction. Research has also shown that the 
impacts of a nourishment project on sea turtle nesting habitat are typically short-term because a 
nourished beach will be reworked by natural processes in subsequent years, and beach compaction 
and the frequency of escarpment formation will decline. Although a variety of factors , including 
some that cannot be controlled, can influence how a nourishment project will perforn1 from an 
engineering perspective, measures can be implemented to minimize impacts to sea turtles. 

INCIDENTAL TAKE STATEMENT 

Section 9 of the Act and Federal regulation pursuant to section 4(d) of the Act prohibit the take of 
endangered or threatened species, respectively, without special exemption. Take is defined as to 
harass, harm, pursue, hunt, shoot, wound, kill, trap, capture or collect, or to attempt to engage in any 
such conduct. Harm is further defined by the Service to include significant habitat modification or 
degradation that results in death or injury to listed species by significantly impairing essential 
behavioral patterns, including breeding, feeding, or sheltering. Harass is defined by the Service as 
intentional or negligent actions that create the likelihood of injury to listed species to such an extent 
as to significantly disrupt normal behavior patterns which include, but are not limited to, breeding, 
feeding, or sheltering. Incidental take is defined as take that is incidental to, and not the purpose of, 
carrying out an otherwise lawful activity. Under the terms of section 7(b)(4) and section 7(o )(2), 
taking that is incidental to and not intended as part of the agency action is not considered to be 
prohibited under the Act provided that such taking is in compliance with the terms and conditions of 
this incidental take statement. 
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The measures described below are non-discretionary, and must be implemented by the Corps so that 
they become binding conditions of any grant or permit issued to the applicant, as appropriate, for 
the exemption in section 7(o)(2) to apply. The Corpshas a continuing duty to regulate the activity 
covered by this incidental take statement. If the Corps ( 1) fails to assume and implement the terms 
and conditions or (2) fails to require the applicant to adhere to the terms and conditions of the 
incidental take statement through enforceable terms that are added to the permit or grant document, 
the protective coverage of section 7( o )(2) may lapse. In order to monitor the impact of incidental 
take, the Corps must report the progress of the action and its impacts on the species to the Service as 
specified in the incidental take statement [50 CFR §402.14(i)(3)]. 

AMOUNT OR EXTENT OF TAKE ANTICIPATED 

The Service anticipates 7.8 miles of nesting beach habitat could be taken as a result of this proposed 
action. The take is expected to be in the form of: ( l) destruction of all nests that may be 
constructed and eggs that may be deposited from March 1 through April 30 and from September 1 
through September 30 and missed by a nest survey and egg relocation program within the 
boui1daries of the proposed project; (2) destruction of all nests deposited from October 1 through 
February 28 (or 29 as applicable) when a nest survey and egg relocation program is not required to 
be in place within the boundaries of the proposed project; (3) reduced hatching success due to egg 
mortality during relocation and adverse conditions at the relocation site; ( 4) harassment in the form 
of disturbing or interfering with female turtles attempting to nest within the construction area or on 
adjacent beaches as a result of construction activities; (5) misdirection of hatchling turtles on 
beaches adjacent to the construction area as they emerge from the nest and crawl to the water as a 
result of project lighting; (6) behavior modification of nesting females due to escarpment formation 
within the project area during a nesting season, resulting in false crawls or situations where they 
choose marginal or unsuitable nesting areas to deposit eggs; and (7) destruction of nests from 
escarpment leveling within a nesting season when such leveling has been approved by the Service. 

Incidental take is anticipated for only the 7.8 miles of beach that has been identified for sand 
placement. The Service anticipates incidental take of sea turtles will be difficult to detect for the 
following reasons: (1) the turtles nest primarily at night and all nests are not found because [a] 
natural factors, such as rainfall, wind, and tides may obscure crawls and [b] human-caused factors , 
such as pedestrian and vehicular traffic, may obscure crawls, and result in nests being destroyed 
because they were missed during a nesting survey and egg relocation program; (2) the total number 
of hatchlings per undiscovered nest is unknown; (3) the reduction in percent hatching and emerging 
success per relocated nest over the natural nest site is unknown; ( 4) an unknown number of females 
may avoid the project beach and be forced to nest in a less than optimal area; (5) lights may 
misdirect an unknown number of hatchlings and cause death; and (6) escarpments may form and 
cause an unknown number of females from accessing a suitable nesting site. However, the level of 
take of these species can be anticipated by the disturbance and renourishment of suitable turtle 
nesting beach habitat because: (1) turtles nest within the project site; (2) beach renourishment will 
likely occur during a portion of the nesting season; (3) the renourishment project will modify the 
incubation substrate, beach slope, and sand compaction; and (4) miificiallighting will deter and/or 
misdirect nesting females and hatchlings. 
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EFFECT OF THE TAKE 

In the accompanying biological opinion, the Service determined that this level of anticipated take is 
not likely to result in jeopardy to the species. Critical habitat has not been designated in the project 
area; therefore, the project will not result in destruction or adverse modification of critical habitat. 

REASONABLE AND PRUDENT MEASURES 

The Service believes the following reasonable and prudent measures are necessary and appropriate 
to minimize take of loggerhead, green, hawksbill, and leatherback sea tmtles. 

1. Beach quality sand suitable for sea turtle nesting, successful incubation, and hatchling 
emergence must be used on the project site. 

2. Beach nourishment activities must not occur from May I through October 31, the period of 
peak sea turtle egg laying and egg hatching, to reduce the possibility of sea turtle nest burial 
or crushing of eggs. 

3. If the beach nourishment project will be conducted during the period from March 1 through 
April 30, surveys for early nesting sea turtles must be conducted. If nests are constructed in 
the area of beach nourishment, the eggs must be relocated. If the beach nourishment project 
will be conducted during the period from November 1 through November 30, surveys for 
late nesting sea turtles must be conducted. If nests are constructed in the area of beach 
nourishment. the eggs must be relocated. 

4. All derelict concrete, metal, coastal armoring geotextile material or other debris must be 
removed from the beach prior to any sand placement. 

5. A survey(s) of all artificial lighting visible from the project beach must be completed. This 
information must be provided to the Service and the FWC. 

6. A meeting between representatives of the contractor, the Service, the FWC, and the 
permitted sea turtle surveyor, and other species surveyors as appropriate, must be held prior 
to the commencement of work on this project. 

7. Beach compaction must be monitored and tilling (non-vegetated areas) must be conducted if 
needed immediately after completion of the sand placement project and prior to the next 
three nesting seasons to reduce the likelihood of impacting sea turtle nesting and hatching 
activities. (NOTE: Out-year beach compaction monitoring and tilling are not required if 
placed material no longer remains on the dry beach.) 

8. Escarpment formation must be monitored and leveling must be conducted if needed 
immediately after completion of the sand placement project and prior to the next three 
nesting seasons to reduce the likelihood of impacting nesting and hatchling sea turtles. 

9. Construction equipment and materials must be stored in a manner that will minimize 
impacts to nesting and hatchling sea tUttles to the maximum extent practicable. 
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I 0. Lighting associated with the project construction must be minimized to reduce the 
possibility of disrupting and disorienting nesting and/or hatchling sea turtles. 

II. A report describing the actions taken to implement the terms and conditions of this 
incidental take statement must be submitted to the Service by March 1 of the year following 
completion of the proposed work for each year when the activity has occurred. 

12. The Service and the FWC must be notified if a sea turtle adult, hatchling, or egg is harmed 
or destroyed as a direct or indirect result of the project. 

TERMS AND CONDITIONS 

In order to be exempt from the prohibitions of section 9 of the Act, the CORPS must comply with 
the following terms and conditions, which implement the reasonable and prudent measures, 
described above and outline required reporting/monitoring requirements. These tem1s and 
conditions are non-discretionary. 

1. Beach compatible fill must be placed on the beach or in any associated dune system. Beach 
compatible fill is material that maintains the general character and functionality of the 
material occurring on the beach and in the adjacent dune and coastal system. Such material 
must be predominately of carbonate, quartz or similar material with a particle size 
distribution ranging between 0.062mm and 4.76mm (classified as sand by either the Unified 
Soils or the Wentworth classification), must be similar in color and grain size distribution 
(sand grain frequency, mean and median grain size and sorting coefficient) to the material in 
the historic beach sediment at the disposal site, and must not contain: 

la. Greater than 5 percent, by weight, silt, clay or colloids passing the #230 sieve; 

1 b. Greater than 5 percent, by weight, fine gravel retained on the #4 sieve (- 2.25<p ); 

1 c. Coarse gravel, cobbles or material retained on the 3/4 inch sieve in a percentage or 
size greater than found on the native beach; 

1 d. Construction debris, toxic material or other foreign matter; and 

le. Material that will result in cementation of the beach. 

If rocks or other non-specified materials appear on the surface of the filled beach in excess of 50 
percent of background in any 10,000 square foot area, then surface rock should be removed 
from those areas. These areas must also be tested for subsurface rock percentage and 
remediated as required. If the natural beach exceeds any of the limiting parameters listed above, 
then the fill material must not exceed the naturally occurring level for that parameter on nearby 
native beaches. 

Pursuant to subsection 628-41.005(15), Florida Administrative Code (F.A.C.), sandy sediment 
derived from the maintenance of coastal navigation channels must be deemed suitable for beach 
placement with up to 10 percent fine material passing the #230 sieve, provided that it meets the 
criteria contained in 2b to 2e above and water quality standards. If this material contains 
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between 10 percent and 20 percent fine material passing the #230 sieve by weight, and it meets 
all other sediment and water quality standards, it must be considered suitable for placement in 
the nearshore portion of the beach. 

These standards must not be exceeded in any 10,000 square foot section extending through the 
depth of the nourished beach. lfthe native beach exceeds any of the limiting parameters listed 
above, then the fill material must not exceed the naturally occurring level for that parameter on 
nearby native beaches. 

2. Beach nourishment must be started after October 31 and be completed before May 1. During 
the May 1 through October 31 period, no construction equipment or pipes will be stored on the 
beach. 

3. For sand placement projects that occur during the period from March 1 through April30, daily 
early morning surveys must be conducted for sea turtle nests from March I through April 30 or 
until completion of the project (whichever is earliest), and eggs must be relocated per the 
following requirements. For sand placement projects that occur during the period from 
November 1 through November 30, daily early morning sea turtle nesting surveys must be 
conducted 65 days prior to project initiation and continue through September 30, and eggs must 
be relocated per the following requirements. 

3a. Nesting surveys and egg relocations will only be conducted by persons with prior 
experience and training in these activities and who are duly authorized to conduct such 
activities through a valid pem1it issued by FWC, pursuant to F.A.C 68E-l . Please contact 
FWC's Marine Turtle Management Program in Tequesta at (561) 575-5408 for 
information on the permit holder in the project area. Nesting surveys must be conducted 
daily between sunrise and 9 a.m. (this is for all time zones). 

3b. Only those nests that may be affected by sand placement activities will be relocated. Nests 
requiring relocation must be moved no later than 9 a.m. the morning fo llowing deposition 
to a nearby self-release beach site in a secure setting where artificial lighting will not 
interfere with hatchling orientation. Relocated nests must not be placed in organized 
groupings; relocated nests must be randomly staggered along the length and width of the 
beach in settings that are not expected to experience daily inundation by high tides or 
known to routinely experience severe erosion and egg loss. or subject to artificial lighting. 
Nest relocations in association with construction activities must cease when construction 
activities no longer threaten nests. 

3c. Nests deposited within areas where construction activities have ceased or will not occur for 
65 days or nests laid in the nourished berm prior to tilling must be marked and left in situ 
unless other factors threaten the success ofthe nest. The tmile pem1it holder must install 
an on-beach marker at the nest site and/or a secondary marker at a point as far landward as 
possible to assure that future location of the nest will be possible should the on-beach 
marker be lost. No activity will occur within this area nor will any activities occur which 
could result in impacts to the nest. Nest sites must be inspected daily to assure nest 
markers remain in place and the nest has not been disturbed by the project activity. 
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4. All derelict concrete, metal, and coastal armoring geotextile material and other debris must be 
removed from the beach prior to any sand placement to the maximum extent practicable. If 
debris removal activities will take place during the sea turtle nesting season (March 1 through 
October 31), the work must be conducted during daylight hours only and must not commence 
until completion of the sea turtle survey each day. 

5. A survey shall be conducted of all lighting visible from the beach placement area, using 
standard techniques for such a survey, between May 1 and May 15, and between July 15 and 
August 1, in the year following construction. For each light source visible, the local sponsor 
shall take actions to notify the property owner(s) and/or the Cities of Satellite Beach, Indian 
Harbor, and Melbourne (in which the property(s) may be located) of the light and to specify the 
action(s) recommended for correcting the light within a reasonable resolution timeframe. A 
summary repmt of the surveys and of actions taken toward reduction or elimination of visible 
lights shall be submitted to the Service by December 1 of each year in which surveys are 
conducted. 

6. A meeting between representatives of the contractor, the Service, the FWC, the permitted sea 
turtle surveyor, and other species surveyors as appropriate, must be held prior to the 
commencement of work on this project. At least 1 0-business days advance notice must be 
provided prior to conducting this meeting. 

7. Sand compaction must be monitored in the area of sand placement immediately after completion 
of the project and prior to March 1 for 3 subsequent years in accordance with a protocol agreed 
to by the Service, FWC, and the applicant or local sponsor. At a minimum, the protocol 
provided under 7a and 7b below must be followed. If tilling is needed, the area must be tilled to 
a depth of36 inches. Each pass of the tilling equipment must be overlapped to allow more 
thorough and even tilling. All tilling activity must be completed at least once prior to nesting 
season. A repmt on the results of the compaction monitoring must be submitted to the 
Service' s field office prior to any tilling actions being taken. (NOTE: The requirement for 
compaction monitoring can be eliminated if the decision is made to till regardless of post
construction compaction levels. Additionally, out-year compaction monitoring and remediation 
are not required if placed material no longer remains on the dry beach.) 

7a. Compaction sampling stations must be located at 500-foot intervals along the project area. 
One station must be at the seaward edge of the dune/bulkhead line (when material is 
placed in this area), and one station must be midway between the dune line and the high 
water line (normal wrack line). 

7b. At each station, the cone penetrometer must be pushed to a depth of 6, 12, and 18 inches 
three times (three replicates). Material may be removed from the hole if necessary to 
ensure accurate readings of successive levels of sediment. The penetrometer may need to 
be reset between pushes, especially if sediment layering exists. Layers of highly compact 
material may lie over less compact layers. Replicates must be located as close to each 
other as possible, without interacting with the previous hole and/or disturbed sediments. 
The three replicate compaction values for each depth must be averaged to produce final 
values for each depth at each station. Reports will include all 18 values for each transect 
line, and the final 6 averaged compaction values. 
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7c. If the average value for any depth exceeds 500 pounds per square inch (psi) for any two or 
more adjacent stations, then that area must be tilled immediately prior to the dates listed 
above. 

7d. If values exceeding 500 psi are distributed throughout the project area but in no case do 
those values exist at two adjacent stations at the same depth, then consultation with the 
Service will be required to determine if tilling is required. If a few values exceeding 500 
psi are present randomly within the project area, tilling will not be required. 

7e. Tilling must occur landward of the wrack line and avoid all vegetated areas 3 square feet or 
greater with a 3 square foot buffer around the vegetated areas. 

8. Visual surveys for escarpments along the project area must be made immediately after 
completion of the beach nourishment project or dredged channel material placement and during 
30 days prior to March 1 for 3 subsequent years if sand still remains on the beach. Escarpments 
that interfere with sea turtle nesting or that exceed 18 inches in height for a distance of 100 feet 
must be leveled and the beach profile must be reconfigured to minimize scarp formation by 
March 1. Any escarpment removal must be reported by location. If the project is completed 
during the early part of the sea turtle nesting and hatching season (March 1 through April 30), 
escarpments may be required to be leveled immediately, while protecting nests that have been 
relocated or left in place. Surveys for escarpments must be conducted week ly during the three 
nesting seasons following completion of the project. The Service must be contacted 
immediately if subsequent reformation of escarpments that interfere with sea turtle nesting or 
that exceed 18 inches in height for a distance of 1 00 feet occurs during the nesting and hatching 
season to determine the appropriate action to be taken. If it is determined that escarpment 
leveling is required during the nesting or hatching season, the Service or FWC will provide a 
brief written authorization that describes methods to be used to reduce the likelihood of 
impacting existing nests. An annual summary of escarpment surveys and actions taken must be 
submitted to the Service's Field Office. (NOTE: Out-year escarpment monitoring and 
remediation are not required if placed material no longer remains on the dry beach). 

9. Staging areas for construction equipment must be located off the beach from March 1 through 
April30 and November 1 through November 30, if off-beach staging areas are available. 
Nighttime storage of construction equipment not in use must be off the beach to minimize 
disturbance to sea turtle nesting and hatching activities. 

I 0. Direct lighting of the beach and nearshore waters must be limited to the immediate construction 
area from March 1 through April 30 and November 1 through November 30, and must comply 
with safety requirements. Lighting on offshore or onshore equipment must be minimized 
through reduction, shielding, lowering, and appropriate placement to avoid excessive 
illumination ofthe water's surface and nesting beach vvhile meeting all Coast Guard, EM 385-1-
1, and OSHA requirements. Light intensity of lighting plants must be reduced to the minimum 
standard required by OSHA for General Construction areas, in order not to misdirect sea turtles. 
Shields must be affixed to the light housing and be large enough to block light from all lamps 
from being transmitted outside the construction area (see Figure 1) . 
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11. A report describing the projects conducted during the year and actions taken to implement the 
reasonable and prudent measures and terms and conditions of this incidental take statement shall 
be submitted to the Service by March 1 of the following year of completing the proposed work 
for each year when the activity has occmTed. This report will include project location (FDEP R
Monuments), dates of construction, descriptions and locations of self-release beach sites. 

12. In the event a sea turtle nest is excavated during construction activities, the permitted person 
responsible for egg relocation for the project must be notified so the eggs can be moved to a 
suitable relocation site. 

Upon locating a dead or injured sea tmtle adult, hatchling, or egg that may have been harmed or 
destroyed as a direct or indirect result of the project, the Corps or local sponsor must be 
responsible for notifying FWC Wildlife Alert at 1-888-404-FWCC (3922) and the Service 
Office. 

Care must be taken in handling injured or dead turtles or eggs to ensure effective treatment or 
disposition, and in handling dead specimens to preserve biological materials in the best possible 
state for later analysis. 

The Service believes that incidental take will be limited to the 7.8 miles of beach that have been 
identified for sand placement. The reasonable and prudent measures, with their implementing tetms 
and conditions, are designed to minimize the impact of incidental take that might otherwise result 
from the proposed action. The Service believes that no more than the following types of incidental 
take will result from the proposed action: ( 1) destruction of all nests that may be constructed and 
eggs that may be deposited and missed by a nest survey and egg relocation program within the 
boundaries of the proposed project; (2) destruction of all nests deposited during the period when a 
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nest survey and egg relocation program is not required to be in place within the boundaries of the 
proposed project; (3) reduced hatching success due to egg mortality during relocation and adverse 
conditions at the relocation site; ( 4) harassment in the form of disturbing or interfering with female 
turtles attempting to nest within the construction area or on adjacent beaches as a result of 
construction activities; (5) disorientation of hatchling turtles on beaches adjacent to the construction 
area as they emerge from the nest and crawl to the water as a result of project lighting; ( 6) behavior 
modification of nesting females due to escarpment formation within the project area during a 
nesting season, resulting in false crawls or situations where they choose marginal or unsuitable 
nesting areas to deposit eggs; and (7) destruction of nests from escarpment leveling within a nesting 
season when such leveling has been approved by the Service. The amount or extent of incidental 
take for sea turtles will be considered exceeded if the project results in more than a one-time 
placement of sand on the 7.8 miles of beach that have been identified for sand placement. If, during 
the course of the action, this level of incidental take is exceeded, such incidental take represents 
new information requiring reinitiation of consultation and review of the reasonable and prudent 
measures provided. The Corps must immediately provide an explanation of the causes ofthe taking 
and review with the Service the need for possible modification of the reasonable and prudent 
measures. 

CONSERVATION RECOMMENDATIONS 

Section 7(a) (1) of the Act directs Federal agencies to utilize their authorities to further the purposes 
of the Act by canying out conservation programs for the benefit of endangered and threatened 
species. Conservation recommendations are discretionary agency activities to minimize or avoid 
adverse effects of a proposed action on listed species or critical habitat, to help implement recovery 
plans, or to develop information. 

1. Appropriate native salt-resistant dune vegetation should be established on the restored 
dunes. The Florida Department of Environmental Protection, Bureau of Beaches and 
Wetland Resources, can provide technical assistance on the specifications for design and 
implementation. 

2. Surveys for nesting success of sea turtles should be continued for a minimum of 3 years 
following beach nourishment to determine whether sea turtle nesting success has been 
adversely impacted. 

3. Educational signs should be placed where appropriate at beach access points explaining the 
importance of the area to sea turtles and/or the life history of sea turtle species that nest in 
the area. 

In order for the Service to be kept informed of actions minimizing or avoiding adverse effects or 
benefiting listed species or their habitats, the Service requests notification of the implementation of 
any conservation recommendations. 
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REINITIATION NOTICE 

This concludes formal consultation on the action outlined in the request. As provided in 50 CFR 
§402.16, reinitiation of formal consultation is required where discretionary Federal agency 
involvement or control over the action has been retained (or is authorized by law) and if: ( 1) the 
amount or extent of incidental take is exceeded; (2) new infonnation reveals effects of the agency 
action that may affect listed species or critical habitat in a manner or to an extent not considered in 
this opinion; (3) the agency action is subsequently modified in a manner that causes an effect to the 
listed species or critical habitat not considered in this opinion; or ( 4) a new species is listed or 
critical habitat designated that may be affected by the action. In instances where the amount or 
extent of incidental take is exceeded, any operations causing such take must cease pending 
reinitiation. 

If you have any questions regarding this BO, please contact Ann Marie Lauritsen of this office at 
(904) 525-0661. 

Sincerely, 

.., I 
YJ ;::~ -~·~?.........--- .?- c. .. .... 

r f: I • ' " "/ 
.?J David L. Haf1kla f. . \ 

Field Supervisor 

cc: 

Robbin Trindell- FWC 
Ken Graham- Service/ Atlanta 
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2055 S PATRICK DRIVE 
INDIAN HARBOUR BEACH  FL  32937 

 

CITY MANAGER 
CITY OF INDIAN HARBOUR BEACH 
2055 S PATRICK DRIVE 
INDIAN HARBOUR BEACH  FL  32937 

DIRECTOR 
PUBLIC WORKS DEPT 
CITY OF INDIAN HARBOUR BEACH 
2055 S PATRICK DRIVE 
INDIAN HARBOUR BEACH  FL  32937 

 

MAYOR MARK BRIMER 
CITY OF SATELLITE BEACH 
565 CASSIA BLVD 
SATELLITE BEACH  FL  32937 

MR  MICHAEL CROTTY, CITY MANAGER 
CITY OF SATELLITE BEACH 
565 CASSIA BLVD 
SATELLITE BEACH  FL  32937 

 

MR  ALLEN POTTER, DIRECTOR 
PUBLIC WORKS DEPT 
CITY OF SATELLITE BEACH 
565 CASSIA BLVD 
SATELLITE BEACH  FL  32937 



MR  MARTY SMITHSON, MANAGER 
SEBASTIAN INLET TAX DISTRICT 
114 SIXTH AVENUE 
INDIALANTIC  FL  32903 

 

MAYOR DAVE BERKMAN 
TOWN OF INDIALANTIC 
216 FIFTH AVENUE 
INDIALANTIC  FL  32903 

TOWN MANAGER 
TOWN OF INDIALANTIC 
216 FIFTH AVENUE 
INDIALANTIC  FL  32903 

 

DIRECTOR 
PUBLIC WORKS DEPT 
TOWN OF INDIALANTIC 
216 FIFTH AVENUE 
INDIALANTIC  FL  32903 

U S ENV PROTECTION AGENCY 
REGION 4 WATER MGMT DIVISION 
400 N CONGRESS AVENUE SUITE 120 
WEST PALM BEACH  FL  33401 

 
THE NATURE CONSERVANCY 
1333 GATEWAY DRIVE #1016 
MELBOURNE  FL  32901 

HONORABLE THAD ALTMAN 
SENATE DISTRICT 24 
6767 NORTH WICKHAM ROAD 
SUITE 211 
MELBOURNE  FL 32940 

 

BILL KERR 
SJRWMD GOVERNING BOARD 
325 FIFTH AVENUE #208 
INDIALANTIC  FL  32903 

HONORABLE STEVE CRISAFULLI  
HOUSE DISTRICT 32 
SUITE 108 
2460 NORTH COURTNEY PKWY 
MERRITT ISLAND  FLORIDA  32953-4193 
 

 

HONORABLE MIKE HARIDOPOLOS 
SENATE DISTRICT 26 
3270 SUNTREE BOULEVARD 
SUITE 122 
MELBOURNE, FL 32940 

HONORABLE JOHN TOBIA 
HOUSE DISTRICT 31 
SUITE 508 
1901 SOUTH HARBOR CITY BLVD 
MELBOURNE  FL  32901-4770 

 

HONORABLE DEBBIE MAYFIELD 
HOUSE DISTRICT 80 
1053 20TH PLACE 
VERO BEACH  FL  32960-5359 

HONORABLE RICH WORKMAN 
SUITE D 
33 SUNTREE PLACE 
MELBOURNE  FL  32940-7602 

 
HONORABLE BILL NELSON 
225 EAST ROBINSON STREET SUITE 410 
ORLANDO  FL  32801 



HONORABLE GEORGE LEMIEUX 
315 EAST ROBINSON STREET 
LANDMARK CENTER 1, SUITE 475 
ORLANDO  FL  32801 

 

HONORABLE BILL POSEY 
2725 JUDGE FRAN JAMIESON WAY 
BUILDING C 
MELBOURNE  FL  32940 

PINEDA OCEAN CLUB CONDOMINIUM 
HOMEOWNERS ASSOCIATION 
JAMES SHOLAR, PRESIDENT  
175 HIGHWAY A1A 
SATELLITE BEACH, FL  32937 

 

OCEANUS CONDOMINIUM 
HOMEOWNERS ASSOCIATION 
JOHN LOUGHERY 
199 HIGHWAY A1A 
SATELLITE BEACH, FL  32937 

SANDPIPER TOWERS 
HOMEOWNERS ASSOCIATION 
205 HIGHWAY A1A 
SATELLITE BEACH, FL  32937 

 

FLORES DE LA PLAYA 
HOMEOWNERS ASSOCIATION 
GEORGE CRANE, PRESIDENT 
245 HIGHWAY A1A UNIT 503 
SATELLITE BEACH, FL  32937 

OCEAN RESIDENCE NORTH 
HOMEOWNERS ASSOCIATION 
SCOTT KEMPS, PRESIDENT 
263 OCEAN RESIDENCE CT. 
SATELLITE BEACH, FL  32937 
 

 

OPAL SEAS OCEANFRONT CONDOMINIUMS 
HOMEOWNERS ASSOCIATION 
C/O DAVID CRONIN 
275 HIGHWAY A1A 
SATELLITE BEACH, FL  32937 

SILVER SANDS CONDOMINIUMS 
HOMEOWNERS ASSOCIATION 
C/O GEORGE GOFF 
297 HIGHWAY A1A UNIT 415 
SATELLITE BEACH, FL  32937 

  

EAST HORIZON CONDOMINIUMS 
HOMEOWNERS ASSOCIATION 
ROGER KESSELBACH, PRESIDENT 
401 HIGHWAY A1A, UNIT 141 
SATELLITE BEACH, FL  32937 

 

LAS BRISAS CONDOMINIUMS 
HOMEOWNERS ASSOCIATION 
C/O LARRY KIENTZ 
539 HIGHWAY A1A UNIT 2A 
SATELLITE BEACH, FL  32937 

MONACO CONDOMINIUMS 
HOMEOWNERS ASSOCIATION 
C/O DONALD LOGSDON 
571 HIGHWAY A1A, UNIT A-202 
SATELLITE BEACH, FL  32937 

 

MR  ERNEST H. GAULT OR CURRENT 
RESIDENT 
905 HIGHWAY A1A 
SATELLITE BEACH, FL  32937 



MR  JOHN PINTER  OR CURRENT RESIDENT 
100 N. PALM AVENUE 
TITUSVILLE, FL  32796 

  

MR  STEVEN MOOSMAN OR CURRENT 
RESIDENT 
55 N. 4TH STREET 
COCOA BEACH, FL  32931 

 

PARADISE BEACH CLUB 
HOMEOWNERS ASSOCIATION 
975 HIGHWAY A1A 
SATELLITE BEACH, FL  32937 

MAHUDI INT’L CORP. 
2110 95TH AVENUE 
MIAMI, FL  33172 

 
CAMERON-ASH PROPERTIES 
PO BOX 507 
LAKE BUTLER, FL  32054 

LUNG RX INC. 
1735 CONNECTICUT AVE NW 3ND FL 
WASHINGTON, DC  20009 

 

OCEANS DEVELOPMENT OF BREVARD 
C/O ROB KODSI 
PO BOX 320637 
COCOA BEACH, FL  32932 

  

BUCCANEER CONDOMINIUMS 
HOMEOWNERS ASSOCIATION 
C/O WILLILAM HIGGINSON 
1175 HIGHWAY A1A UNIT 707 
SATELLITE BEACH, FL 32937 

SEAMARK CONDOMINIUMS 
HOMEOWNERS ASSOCIATION 
C/O JOHN ZSCHEILE 
1195 HIGHWAY A1A, UNIT 215 
SATELLITE BEACH, FL  32937 

 

LAS OLAS BEACH CLUB 
HOMEOWNERS ASSOCIATION 
1215 HIGHWAY A1A 
SATELLITE BEACH, FL  32937 

MR  WERNER TREPTAU 
4205 N. RIVERDALE DR. 
MC HENRY, IL  60050 

 

MR  MICHAEL WOLFINGTON OR CURRENT 
RESIDENT  
5 PARK AVENUE 
SATELLITE BEACH, FL  32937 



SAND CASTLE CONDOMINIUM ASSOC. INC. 
1273 HIGHWAY A1A 
SATELLITE BEACH, FL  32937 

 
MR  MAURICE KODSI, TRUSTEE 
PO BOX 320637 
COCOA BEACH, FL  32932 

LA COLONNADE DEVELOPMENT  
152 N. HARBOR CITY BLVD. 
MELBOURNE, FL  32901 

  

LA PLAYA EAST CONDOMINIUMS 
HOMEOWNERS ASSOCIATION 
1343 HIGHWAY A1A 
SATELLITE BEACH, FL  32937 

 

MISTY SHORES CONDOMINIUMS 
HOMEOWNERS ASSOCIATION 
1369 HIGHWAY A1A  
SATELLITE BEACH, FL 32937 

SUMMER COVE CONDOMINIUMS 
HOMEOWNERS ASSOCIATION 
1385 HIGHWAY A1A  
SATELLITE BEACH, FL  32937 

 

REFLECTIONS CONDOMINIUMS 
HOMEOWNERS ASSOCIATION 
1395 HIGHWAY A1A 
SATELLITE BEACH, FL 32937 

EMERALD SHORES CONDOMINIUMS 
HOMEOWNERS ASSOCIATION 
VICTOR CHURCHWARD, PRESIDENT 
1405 HIGHWAY A1A, UNIT 304 
SATELLITE BEACH, FL  32937 

 

SEA VILLA CONDOMINIUMS 
HOMEOWNERS ASSOCIATION 
C/O PHYLLIS MOODY 
1425 HIGHWAY A1A, UNIT 25 
SATELLITE BEACH, FL  32937 

EAST WIND CONDOMINIUMS 
HOMEOWNERS ASSOCIATION 
1455 HIGHWAY A1A 
SATELLITE BEACH, FL  32937 

  

MR  MICHAEL P. O’NEILL 
725 LITTLE HAMPTON LAND 
GOTHA, FL  34734 

 
MR  DALE M. ABRAHAMS 
1934 COVE LANE 
CLEARWATER, FL  33764 



  
MR  RICHARD WEBER 
1101 PENNSYLVANIA AVENUE 
WINTER PARK, FL  32789 

MR  ROBERT J. KERRIGAN 
6091 TINLEY MILL DR. 
HAYMARKET, VA  20169 

 

MS  MARY ANN DI BLASI OR CURRENT 
RESIDENT 
634 OCEAN STREET 
SATELLITE BEACH, FL 32937 

MR  JOSEPH CORRENTI  OR CURRENT 
RESIDENT 
638 OCEAN STREET 
SATELLITE BEACH, FL 32937 

 

MR  MICHAEL J. ADAMS OR CURRENT 
RESIDENT 
640 OCEAN STREET 
SATELLITE BEACH, FL  32937 
 

MR  JOSEPH VECCHIO OR CURRENT 
RESIDENT 
648 OCEAN STREET 
SATELLITE BEACH, FL 32937 
 

 

MR  WAYNE LUNSFORD OR CURRENT 
RESIDENT 
1655 HIGHWAY A1A 
SATELLITE BEACH, FL 32937 

MR  DONALD GRAY OR CURRENT RESIDENT 
3440 POSEIDON WAY 
INDIALANTIC, FL  32903 

 

MR  ROBERT J. BARTRUFF, TRUSTEE OR 
CURRENT RESIDENT 
1683 HIGHWAY A1A 
SATELLITE BEACH, FL  32937 

  

  CARIBBEAN CONSERVATION CORP. 
  4424 NW 13TH ST.  SUITE A-1 
  GAINESVILLE, FL. 32609 

 

  
MR  EARL BRUNSON OR CURRENT RESIDENT 
721 BEACH STREET 
SATELLITE BEACH, FL 32937 



MR  JAMES MC MANUS OR CURRENT 
RESIDENT 
725 BEACH STREET 
SATELLITE BEACH, FL 32937 

 
MR  GARY WILLIAMS  OR CURRENT RESIDENT 
735 BEACH STREET 
SATELLITE BEACH, FL 32937 

MR  SHERMAN LOWY 
4800 WILDEWOOD DRIVE 
DELRAY BEACH, FL 33445 

 

MR  RONALD M. FAULIS OR CURRENT 
RESIDENT 
785 SHELL STREET 
SATELLITE BEACH, FL  32937 

   

MS  NADIA HESHMATI 
PO BOX 1287 
MELBOURNE, FL  32902 

 

LANTANA CONDOMINIUMS 
HOMEOWNERS ASSOCIATION 
C/O GEROGE PLAKIOTIS 
1831 HIGHWAY A1A N, UNIT 3306 
INDIAN HARBOUR BEACH, FL  32937 

  THE ALOHA CONDOMINIUMS 
  HOMEOWNERS ASSOCIATION 
  C/O VINCE GRAZIANO 
  490 EAST AMHERST CIRCLE 
  SATELLITE BEACH, FL  32937 

 

 

SURFSIDE 6 OFFICE CONDOMINIUM 
C/O JAMES JENSEN 
603 GRANT COURT 
SATELLITE BEACH, FL 32937 

  

SEASHORE ESTATES CONDOMINIUMS 
HOMEOWNERS ASSOCIATION 
C/O JAMES BONE 
1923 HIGHWAY A1A, UNIT C-1 
INDIAN HARBOUR BEACH, FL 32937 

GOLDEN PALM CONDOMINIUMS 
HOMEOWNERS ASSOCIATION 
C/O CLIFF DICKINSON 
1941 HIGHWAY A1A, UNIT 206 
INDIAN HARBOUR BEACH, FL 32937 

 

SERENA SHORES CONDOMINIUMS 
HOMEOWNERS ASSOCIATION 
2035 HIGHWAY A1A 
INDIAN HARBOUR BEACH, FL  32937 



INDIAN HARBOUR BEACH CLUB 
HOMEOWNERS ASSOCIATION 
2055 HIGHWAY A1A, UNIT 102 
INDIAN HARBOUR BEACH, FL  32937 

 

SOMERSET OCEANFRONT CONDOMINIUMS 
HOMEOWNERS ASSOCIATION 
C/O JAMES MURRELL 
2095 HIGHWAY A1A, UNIT 4702 
INDIAN HARBOUR BEACH, FL  32937 

OCEANIQUE OWNERS ASSOCIATION, INC 
C/O TIM NOLAN 
2105 HIGHWAY A1A 
INDIAN HARBOUR BEACH, FL 32937 

 

GARDENIA OCEANFRONT CONDOMINIUMS 
HOMEOWNERS ASSOCIATION 
2195 HIGHWAY A1A 
INDIAN HARBOUR BEACH, FL  32937  

OCEANWALK BEACH CONDOMINIUMS 
HOMEOWNERS ASSOCIATION 
2225 HIGHWAY A1A, UNIT 109 
INDIAN HARBOUR BEACH, FL 32937 

 

MELBOURNE OCEAN CLUB 
HOMEOWNERS ASSOCIATION 
3101 HIGHWAY A1A 
INDIALANTIC, FL  32903 

  

VILLA RIVIERA CLUB 
HOMEOWNERS ASSOCIATION 
2925 HIGHWAY A1A 
INDIALANTIC, FL  32903 

CORAL PALM CONDOMINIUMS 
HOMEOWNERS ASSOCIATION 
JOSEPH SAVIO, PRESIDENT 
2875 HIGHWAY A1A, UNIT 202 
INDIALANTIC, FL  32903 

 

THE CLUB RESIDENCE 
HOMEOWNERS ASSOCIATION 
2855 HIGHWAY A1A 
INDIALANTIC, FL  32903 

SANDY KAYE CONDOMINIUMS 
HOMEOWNERS ASSOCIATION 
C/O HENRY SMITH 
2835 HIGHWAY A1A, UNIT 801 
INDIALANTIC, FL 32903 

 

SILVER PALM CONDOMINIUMS 
HOMEOWNERS ASSOCIATION 
2805 HIGHWAY A1A 
INDIALANTIC, FL 32903 

  

OCEANS SANDS CONDOMINIUMS 
HOMEOWNERS ASSOCIATION 
C/O EDWARD BELL 
2727 HIGHWAY A1A, UNIT 101 
INDIALANTIC  FL  32903 



MELBOURNE HOSPITALITY ASSOC. LTD 
3445 PEACHTREE ROAD STE.  700 
ATLANTA, GA  30326  

 
MS  SARAH BECTON OR CURRENT RESIDENT 
2165 HIGHWAY A1A 
INDIALANTIC, FL  32903 

MS  KIM ROLLY 
5703 RED BUG LAKE ROAD 
WINTER SPRINGS, FL  32708 

 
MR  INGEBORG ELLZEY 
1340 GROVE TERRACE 
WINTER PARK, FL  32789 

MR  HOWARD LICHENSTEIN OR CURRENT 
RESIDENT 
2125 HIGHWAY A1A N 
INDIALANTIC, FL  32903 

 

MR  R.P. GATYAS OR CURRENT RESIDENT 
2115 HIGHWAY A1A 
INDIALANTIC, FL  32903 
 

MS  DORIS PRIMICERIO 
2810 E ROBINSON STREET 
ORLANDO, FL 32803 

 

MR  KENNETH BUTTON  OR CURRENT 
RESIDENT 
2095 HIGHWAY A1A N. 
INDIALANTIC, FL  32903 

MR  WILLARD WEBSTER OR CURRENT 
RESIDENT 
2085 N HIGHWAY A1A 
INDIALANTIC, FL  32903 

  

MR  ADELE GODDARD OR CURRENT 
RESIDENT 
PO BOX 372576 
SATELLITE BEACH, FL 32937 

 
MR  GARY WEISS OR CURRENT RESIDENT 
2055 HIGHWAY A1A N. 
INDIALANTIC, FL  32903 

MR  RALPH PIERCE OR CURRENT RESIDENT 
2045 HIGHWAY A1A N 
INDIALANTIC, FL  32903 

  



  
MR  BRIAN BECK OR CURRENT RESIDENT 
497 N. HARBOR CITY BLVD. 
MELBOURNE, FL  32935 

  

MS  DENISE VAN CLEEF OR CURRENT 
RESIDENT 
3370 N. WICKHAM ROAD 
MELBOURNE, FL  32934 

MS  MARY GAYDEN OR CURRENT RESIDENT 
1955 HIGHWAY A1A N 
INDIALANTIC, FL  32903 

 
OCEANS 610 LLC 
2115 PALM BAY ROAD 
PALM BAY, FL  32905 

RADO LLC 
PO BOX 1287 
MELBOURNE, FL 32902 

 

MS  GABRIELE SCHWARZ OR CURRENT 
RESIDENT 
1925 N HIGHWAY A1A 
INDIALANTIC, FL  32903 

MR  LLOYD MATHESON OR CURRENT 
RESIDENT 
1915 N HIGHWAY A1A 
INDIALANTIC, FL  32903 

 
MR  JOHN GAYDEN OR CURRENT RESIDENT 
1905 HIGHWAY A1A N 
INDIALANTIC, FL  32903 

MR  DOUGLAS HALL OR CURRENT RESIDENT 
1885 HIGHWAY A1A N 
INDIALANTIC, FL  32903 

 

MR  CHARLES GRIFFIN OR CURRENT 
RESIDENT 
1875 N HIGHWAY A1A 
INDIALANTIC, FL  32903 

THE BARRINGERS CONDOMINIUMS 
HOMEOWNERS ASSOCIATION 
C/O SUSAN FOW 
1835 N HIGHWAY A1A, UNIT 501 
INDIALANTIC, FL  32903 

 

THE BARRINGERS CONDOMINIUMS 
HOMEOWNERS ASSOCIATION 
1845 HIGHWAY A1A  
INDIALANTIC, FL  32903 



  

BELLA VISTA CONDOMINIUMS 
HOMEOWNERS ASSOCIATION 
SPENCE FILLEMAN, PRESIDENT 
1755 HIGHWAY A1A, UNIT 302 
INDIALANTIC  FL  32903 

MR  MICHAEL GAGNON OR CURRENT 
RESIDENT 
5685 S HIGHWAY A1A 
MELBOURNE BEACH, FL  32951 

 
SPE #21 LLC 
3400 S TAMIAMI TRAIL 
SARASOTA, FL  34239 

   

SEA PEARL CONDOMINIUMS 
HOMEOWNERS ASSOCIATION 
JACK FRITZ, SECRETARY 
1575 HIGHWAY A1A, UNIT 211 
INDIALANTIC, FL  32903 

 

OUTRIGGER CONDOMINIUMS 
HOMEOWNERS ASSOCIATION 
C/O EVELYN GLOVER 
PO BOX 790 
MELBOURNE, FL  32902 

MAJESTIC SHORES 
HOMEOWNERS ASSOCIATION 
DENNIS JARVIS, PRESIDENT 
1525 HIGHWAY A1A, UNIT 703 
INDIALANTIC, FL  32903 

 
CLARIDGE DEVELOPMENT INC. 
925 N. COURTENAY PARKWAY 
MERRITT ISLAND, FL  32952 

ROYAL PALM CONDOMINIUMS 
HOMEOWNERS ASSOCIATION 
C/O JOHN KENNEDY 
1505 HIGHWAY A1A, UNIT 202 
INDIALANTIC, FL  32903 

  

THE DUNES OF INDIALANTIC CONDOMINIUMS 
HOMEOWNERS ASSOCIATION 
1415 HIGHWAY A1A 
INDIALANTIC, FL  32903 

 

JADE PALM CONDOMINIUMS 
HOMEOWNERS ASSOCIATION 
1345 HIGHWAY A1A 
INDIALANTIC, FL  32903 



MR  SARKIS ACOPIAN 
1 WINDWOOD HILL 
EASTON, PA  18045 

 
MR  DANIEL KING OR CURRENT RESIDENT 
1245 HIGHWAY A1A 
INDIALANTIC, FL  32903 

MS  MERINELDA QUESADA 
PO BOX 033683 
INDIALANTIC, FL  32903 

 
MR  THIRREL ALTMAN 
PO BOX 360911 
MELBOURNE, FL  32936 

 MS DALE ABRAHAMS 
  620 OCEAN ST 
  SATELLITE BEACH, FL  32937 
 

 
    

 

  MR  HAROLD MANNS OR CURRENT RESIDENT  
  401 HWY A1A, UNIT 124 
  SATELLITE BEACH FL 32937 

 

 

   
  THE ALOHA CONDOMINIUMS 
  C/O JAN BOATRIGHT 
  255 PARADISE BLVE.  #28 
  INDIALANTIC, FL  32903 

 
 
 
 
   MR  WILLIAM ROSE OR CURRENT RESIDENT 

  124 PALM ST 
  WINDERMERE, FL 34786 
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 CUMULATIVE EFFECTS ASSESSMENT 
 



APPENDIX J – CUMULATIVE EFFECTS ASSESSMENT 
 
 
The following describes the methods, rationale, and results of the Cumulative 
Effects Assessment for the proposed action in terms of the eleven steps in 
cumulative effects analysis (CEA) identified by the Council on Environmental 
Quality (CEQ, 1997).  
 
 
1. Identify the significant cumulative effects issues associated with the proposed 
action and define the assessment goals.  
 
The goal of the NEPA process is to reduce adverse environmental effects, 
including cumulative effects.  The CEQ regulations for implementing NEPA 
define cumulative effects as “the impact on the environment which results form 
the incremental impact of the action when added to other past, present, and 
reasonably foreseeable future actions regardless of what agency (Federal or 
non-federal) or person undertakes such other actions (40 CFR, 1508.87)”. 
Cumulative effects analysis is an iterative process in which consequences are 
assessed repeatedly following incorporation of avoidance, minimization, and 
mitigation measures into the alternatives. Monitoring is the last step in 
determining the cumulative effects that ultimately results from the action. The 
significance of cumulative effects depends upon the ecosystem, resource 
baseline conditions, and relevant resource stress thresholds (CEQ, 1997).  
 
Cumulative impacts “result from spatial (geographic) and temporal (time) 
crowding of environmental perturbations. The effects of human activities will 
accumulate when a second perturbation occurs at a site before the ecosystem 
can fully rebound from the effect of the first perturbation” (CEQ 2007).   
 
Priority habitats within the Brevard County shore protection project area 
subjected to potential cumulative effects include (1) nearshore hardbottom reefs 
along the shoreline that are within the direct and/or indirect influence of beach 
nourishment (sand placement) activities, and (2) benthic, fish and related 
resources within offshore sand borrow areas subject to dredging, and (3)  
benthic, fish and related biotic community along shoreline areas subject to 
periodic sand burial and/or turbidity associated with beach nourishment activities.  
The nearshore hardbottom habitat in particular is generally considered by the 
U.S. Fish and Wildlife Service as Resource Category 2, and no net loss of in-kind 
habitat value is recommended. Within this resource, no known Resource 
Category 1 habitats are known to be included (viz., those considered to be 
unique resources which cannot be replaced.)  
 
The proposed action, in addition to past projects and future actions, primarily 
impacts habitat or environmental factors related to the beach, nearshore 
hardbottom, offshore sand borrow areas, upland sand stockpile area, and upland 
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development.  Of these, the first two [beach and nearshore harbottom] are 
identified as being of greatest potential significance from a standpoint of 
cumulative effects, as described below. 
 
The proposed action will increase the length of ocean beach shoreface along 
which sand fill is placed, relative to the adjacent beaches where sand fill has 
been placed in the past and will be placed in the future.  The beach will continue 
to be maintained as an area suitable for shoreline protection, recreation, and 
wildlife habitat.  Principal effects to the beach habitat include temporal impacts to 
the benthic community and potentially to marine turtle nesting. 
 
Approximately 3 acres of existing nearshore hardgrounds will be affected by the 
proposed action, principally through increased sedimentation (whole or partial 
burial, varying in time) along the landward edge of the rock reef outcrops.  Direct 
mechanical impacts to the hardgrounds (by pipeline, etc.) will not occur because 
the sand fill is placed by truck.  The 3-acre impact area comprises about 7% of 
the total exposed hardground area mapped in 2004 along the project area and 
immediate adjacent shoreline.  The existing nearshore hardgrounds are adjacent 
to beach areas where beach fill has been placed in the past and will be placed in 
the future.  These hardground resources are therefore subject to cumulative 
effects from the proposed activity and similar activities. 
 
The proposed activity would increase the future, anticipated dredging 
requirements at the offshore borrow areas from about 12 Mcy to about 15.3 Mcy, 
forecast 50 years into the future.  This action would not deplete the borrow areas.  
Remaining, proven reserves within the existing limits of the permitted offshore 
borrow areas comprise over 39 Mcy of sand (23 Mcy in CS-II plus 16 Mcy in CS-
I).  These borrow areas are anticipated to be the subject of excavation for the 
future renourishment of previously established (and possibly future) shore 
protection projects throughout Brevard County.  Dredging-related impacts to the 
offshore borrow area(s) for the proposed activity is anticipated to occur 
commensurate and equivalently with other present and future foreseen dredging 
activities.  That is, the gross volume of sand removed from the borrow areas will 
be increased by the proposed action, but the spatial and temporal extents of 
environmental impacts will not be significantly different or greater than the 
impacts from past, present and expected future activities.   
 
The upland stockpile area proposed for interim disposal of the dredged material 
(before transfer to the beach fill project area) is already developed and 
designated as a dredged-material stockpile area, and its boundaries and function 
will remain unchanged.  With monitoring for, and relocation of, gopher tortoise 
and other species of concern proximate to that stockpile area, no singular or 
cumulative significant adverse environmental impacts are anticipated from the 
stockpile activity. 
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The transport of fill sand from the offshore area to the stockpile area (within Port 
Canaveral) will increase vessel traffic near the Port Entrance and within the Port.   
Transport of fill sand from the stockpile area to the beach site will increase truck 
traffic within local upland roadways.  These activities are not continuous but 
would occur for several months every few years.  Both activities increase air 
pollution and carbon emissions.  Equivalent activities have occurred in the past, 
and will continue through the present and future.  Vessel and truck activities at 
the Port and stockpile area are all within existing, industrial areas developed for 
similar purposes.  Transport of the sand on the public roads cumulatively 
increases traffic and related impacts on these roads; however, truck transport 
conducted through the proposed action will replace nearly identical truck 
transport conducted by non-federal interests for periodic dune restoration after 
storm events.  (That is, with the proposed action, there will be less or no need for 
placement of dune sand along the Mid Reach by the County or other local 
interests).  Thus there are no significant cumulative impacts associated with 
these factors. 
 
The proposed project will increase the length of shoreline where sand is placed 
to mitigate beach erosion and decrease property losses.  Because the upland 
shorefront property along the project area and adjacent shores is more or less 
fully developed, and because the proposed beach fill and level of storm 
protection is small, the action is not anticipated to significantly alter (increase) the 
density of nature of upland development – when viewed in the cumulative context 
of past, present and future related activities.  In the absence of the proposed 
action -- and/or the absence of continued or future, similar beach fill actions in 
the overall area -- it is not reasonably anticipated that development will decrease.  
Instead, in the absence of the proposed action and other beach fill actions, it is 
likely that property values and maintenance will decrease, blight may increase, 
and seawalls and shoreline armoring will increase.  Thus, in regard to upland 
development and related trends, there are no significant adverse cumulative 
effects anticipated with implementation of the project.  Instead, adverse impacts 
are more likely associated with the no-action alternative and/or the cumulative 
effects of discontinuing existing and future active beach management activities.   
 
In sum, the significant cumulative effects associated with the proposed action are 
those associated with the nearshore hardgrounds and the sand beach habitat.  
The attendant issues include (1) direct and indirect sedimentation (burial) and/or 
turbidity upon the nearshore hardground resources that are located immediately 
along the shoreline, and (2) burial and/or alteration of the beachface and berm 
sediment by placement of beach fill sediment.   
 
Local, short-term impacts of turbidity and sedimentation will occur adjacent to the 
beach fill sites during project construction, in addition to sedimentation (burial) 
associated with equilibration of the placed beach fill.  Sedimentation (burial) of 
the landward edge of the nearshore hardbottom by direct placement and 
subsequent equilibration/diffusion has been predicted in the project formulation 
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(i.e., on the order of 3 acres, time-varying).  Sedimentation (burial) of nearshore 
hardbottom from long-term diffusion of existing, adjacent beach fill projects has 
been likewise considered and monitored. 
 
 
The proposed action shall place sand from the same offshore borrow areas as 
has been used for past beach fill activities along adjacent shores since 2000.  
Through these prior actions, no adverse impacts from turbidity have been 
observed.  Measurement of turbidity at the borrow, dump, rehandling, and 
hydraulic discharge locations of this material has never resulted in turbidity 
measurements that approached or exceeded State water quality limits.  This is 
consistent with the granular nature of the material, measured both at the borrow 
areas and upon the beach, which contains less than 2% to 3% fine sediments 
and is, overall, as coarse or coarser than the native beach sediment.  Significant 
adverse cumulative impact from turbidity associated with the proposed activity is 
not anticipated. 
 
Based upon June 2004 mapping, there are approximately 31.3 acres of 
nearshore hard bottom in a band along the entire Mid-Reach shoreline, exposed 
in irregularly scattered outcrops near the mean low water shoreline.  There is an 
additional 11.2 acres of exposed nearshore hard bottom along the adjacent mile 
of shoreline immediately north of the Mid Reach, along Patrick Air Force Base.  
The rock surface supports macroalgae and other epibionts that are important 
food sources or shelter for fishes and marine turtles of varying life stages.  Much 
of the epibiota is emphemeral and subject to extensive wave scour.  Portions of 
the exposed rock are colonized by the sabellariid worm Phragmatopoma 
lapidosa.  As noted above, portions of this hardground resource will be impacted 
by the placement of beach fill. 
 
Brevard County beaches serve as important nesting habitat for threatened and 
endangered sea turtle species.  Overall, approximately 39% of the loggerhead 
and green sea turtle nests laid annually in Florida are on Brevard County 
beaches, although Brevard’s beaches comprise only 9% of the state’s ocean 
shore length.  The average number of sea turtle nests established along a 111.5 
km survey length of Brevard County, in 1990-2007 was 25,445 for loggerhead, 
1782 for green, and 28 for leatherback sea turtles. The nesting density of 
loggerhead turtles in southern Brevard County is among the greatest in the 
world, and the nesting density of green turtles is rising in global rank.  In 2007 
average nesting density for loggerhead and green turtles was twice as great in 
Brevard County than for Florida’s east coast beaches, overall.  (Source – Florida 
FFWCC, Fish and Wildlife Research Institute). 
 
The proposed project has the potential to adversely affect nesting females, nests, 
and hatchlings within the proposed project area.  However, prior analogous 
activities have not been observed to result in significant adverse effects to marine 
turtle nesting.  The dune and beach berm along the project area has been 
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renourished with sand (from upland sources) in 2005, 06, and 08.  The adjacent 
13.6 miles of shoreline to the north, and 4 miles of shoreline to the south, have 
been renourished with sand (mostly from offshore sources proposed for this 
project) since 1974.  The dune further south has been restored with sand (from 
upland sources) in 2005, 06, and 08.  To-date, appropriate protective measures 
and the use of compatible sand sources have maintained the beaches as 
suitable nesting habitat for sea turtles without jeopardizing the existence of these 
species.  Monitoring reports from these beaches “indicate that the [North Reach] 
nourishment material is compatible with sea turtle nesting behavior and hatching 
success” (Geomar 2008), and “continues to provides evidence of the overall high 
quality and suitability as an incubation medium of the fill material used on the 
South Reach….” (Ehrhart, L. M. and S. Hirsch 2008).  The proposed action will 
replace the haphazard use of upland sand for beach (dune) placement with the 
use of sand from the offshore sand borrow areas.  This action will better ensure 
the consistency and high-quality of the beach fill sediment as a nesting medium – 
relative to existing measures (which require increasingly difficult identification of 
suitable upland sand sources).  The slopes and grades of the beach fill 
placement follow “turtle friendly” designs that were developed and introduced by 
Brevard County; and monitoring has proven these fill innovations as being 
effective for turtle nesting, hatching success, and emergence.  
 
The principal goal of this assessment is to identify, avoid, minimize, and mitigate 
adverse environmental impacts associated with the project objectives of 
providing storm protection along the Mid Reach shoreline of Brevard County, with 
particular emphasis upon potential cumulative impacts to the nearshore rock 
resources and the sand beach habitat along the Mid Reach and adjacent 
shoreline. 
 
 
2.  Establish the geographic scope for the analysis. 
 
Brevard County is located on the east central coast of Florida and includes 
approximately 80 miles of Atlantic Ocean coastline divided approximately equally 
in length by the Canaveral Harbor Entrance.  The project impact area comprises 
the beach-fill placement (project) area, offshore borrow areas and upland 
stockpile area, and the uplands there between.  This broadly encompasses an 
area from the south boundary of the Mid Reach project area to Cape Canaveral, 
or about 26 miles by shoreline measure.  Included therein is the Mid Reach 
project area which encompasses slightly less than 8 miles of this shoreline, from 
the south boundary of Patrick Air Force Base to near the north boundary of 
Indialantic, Florida; or between approximately 13.5 and 21.5 miles south of 
Canaveral Harbor Entrance.   
 
The affected nearshore hardground area encompasses all of the project impact 
area (the Mid Reach) in addition to approximately 1 mile north thereof; i.e., the 
southern mile of Patrick Air Force Base, more or less.  These nearshore 
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hardgrounds occur within about a 400-ft wide band, at and seaward of the mean 
low water shoreline.  There are no other known exposed hardgrounds along the 
Brevard County shoreline.  The nearest exposed hardground resources occur  
18.5 miles or more to the south (south of Sebastian Inlet -- Brevard County’s 
southern boundary -- in Indian River County), and well over 22 miles to the north 
(north of the Cape, or north of Brevard County).  
 
In addition to the proposed action, past, present and future actions that would 
potentially affect the project impact area principally include beach management 
activities (including beach nourishment) conducted within the littoral zone of the 
Mid Reach.  Broadly, this includes the shoreline from Cape Canaveral to 
Sebastian Inlet.  Beach management activities within this zone include sand 
bypassing and inlet sand management at Canaveral Harbor, beach nourishment 
along the North Reach (Brevard County Shore Protection Project, BCSPP) and 
Patrick Air Force Base immediately north of the Mid Reach, the Mid Reach (the 
project shoreline), the South Reach (BCSPP) immediately south of the Mid 
Reach, and the South Beaches extending to Sebastian Inlet.   Near the north end 
of this zone, Canaveral Harbor acts as a complete littoral barrier to sediment 
transport excepting sand bypass activities that commenced in 1995.  At the south 
end of this zone, Sebastian Inlet divides the littoral system and inhibits the 
natural drift of alongshore sediment transport.   
 
As such, the geographic scope of this analysis includes the coastline from Cape 
Canaveral to Sebastian Inlet; viz., about 45 miles of ocean coastline, more or 
less.  Coastal jurisdictions or cities within this range, from north to south, include 
Cape Canaveral Air Station (US Air Force), the Canaveral Port Authority (CPA), 
Cities of Cape Canaveral and Cocoa Beach,  Patrick AFB (USAF), Indian 
Harbour, Satellite Beach, Indialantic, and Melbourne Beach, among others, along 
with unincorporated areas of Brevard County. 
 
 
3. Establish the time frame for the analysis. 
  
The anticipated project construction start date is 2010-2011.  Initial construction 
is anticipated to be phased over one to three years, encompassing rehabilitation 
of the upland sand stockpile area at Cape Canaveral Air Station, dredging and 
stockpiling of sand, transport and placement of initial fill material, and 
construction of nearshore mitigation reefs.  Temporal overlap of these activities is 
anticipated.  Planning for the project was formulated by the Corps of Engineers 
over a 50-year horizon.  Assessment of the project’s mitigation requirements for 
impacts to nearshore hardgrounds was computed over an indefinite (perpetual) 
horizon; i.e., presuming perpetual impacts to resources.  The proposed action 
includes periodic renourishment of the project beach fill in nominal three year 
intervals after initial construction. 
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Prior activities affecting the project impact area potentially include the initial 
construction of Canaveral Harbor (c. 1951-54), the inception of comprehensive 
inlet sand management at Canaveral Harbor (c. 1992-95) and initial construction 
of modern (“prevailing”) dredging and beach restoration activities along the 
Brevard coastline (c. 2000-01).  While there were beach restoration activities 
(mostly from upland sand sources) prior to 2000-01, these earlier activities were 
either of limited scale or physically distant from the project impact area.  
Accordingly, apart from downdrift littoral impacts from the construction of the 
Canaveral Harbor Federal Navigation Project (which may not have necessarily 
caused definitive impacts to the Mid Reach shoreline (Kriebel et al. 2002)), those 
beach activities that principally affected the existing Mid Reach shoreline and 
resources are principally those beach and dune restoration projects commencing 
in/after 2000-01, in addition to Canaveral Harbor inlet sand management projects 
(bypassing and jetty improvements) commencing in/after 1995.  Anecdotal 
accounts of the nearshore rock outcrops along the Mid Reach and Patrick AFB 
date from at least the 1940’s; however, there is no known quantitative mapping of 
the topographic extent of these resources prior to about 1989 or 1995 (CSA 
1990, USACE 1996, Olsen 2003). 
 
 
4. Identify other actions affecting the resources, ecosystems, and human 

communities of concern. 
 
Other significant actions potentially affecting the resources of concern identified 
in this analysis (nearshore hardbottom and sand beach habitat) principally 
include adjacent beach restoration and related activities, beach lighting and 
urban storm water runoff (outfalls).   
 
There are no other direct mechanical (e.g., pipeline) impacts to the hardgrounds 
associated with the proposed action or other, adjacent actions.  Beach fill 
placement along the project area shall be from the upland (truck-haul).  
Elsewhere in the region, where pipeline (hydraulic) delivery of beach fill material 
is implemented, there are no hardbottom resources.  There are no other regional 
beach restoration activities that result in direct impact to hardgrounds. 
 
Sand fill placement within the project impact area (Mid Reach) has previously 
included dune restoration to partially restore sand eroded from the dune, above 
the high water line, from severe storms in 2004 through 2007.  These activities 
have not advanced the beach or shoreline relative to pre-storm conditions.  The 
sand fill for these activities has been from permitted upland sources.  No adverse 
environmental effects have been identified from these activities.  However, 
identifying upland sand sources with adequate quantities of acceptable beach-
compatible material has become increasingly difficult and is anticipated to 
become further difficult in the future (Mike McGarry, Brevard County Natural 
Resource Management Office – personal communication).  The proposed action 
would serve to replace ongoing non-federal actions for post-storm dune 
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restoration.  It would fulfill future requirements for dune restoration (in terms of 
both maintenance and storm protection) using high-quality, beach compatible 
sand from proven offshore sources.   
 
The historical and future placement of beach nourishment material adjacent to 
the Mid Reach project impact area can potentially result in cumulative impacts to 
the nearshore hardgrounds and beach habitat along the Mid Reach.  Immediately 
north of the Mid Reach, these activities include beach nourishment along the 
adjacent 4-mile long Patrick Air Force Base (PAFB) shoreline and further north 
along the 9.6-mile long North Reach of the Brevard County Shore Protection 
Project (BCSPP).  Immediately south of the Mid Reach, these activities include 
beach nourishment along the adjacent 3.8-mile long South Reach of the BCSPP. 
 
The southern mile of the PAFB shoreline is immediately adjacent to the Mid 
Reach and features nearshore rock outcrops.  Along this 1-mile subreach, 
placement of dune and beach fill is made only above the mean high water line.  
(Sand placement along this one mile of shoreline has been limited to dune 
restoration in 2005, pursuant to erosion caused by the 2004 hurricane season.  
The source of this dune fill material was stockpiled sand dredged from the CS-II 
offshore borrow area, similarly to that of the proposed activity.)  Beach fill along 
the northern 3-mile remainder of the PAFB shoreline consists of a long “taper” 
that extends from the south end of the BCSPP North Reach project to one mile 
north of the Mid Reach project area.  Within this broad 3-mile long taper, the 
southernmost one mile tapers from hydraulic-fill placement to beachface/dune-fill 
placement above the high water shoreline.  The purpose of this 3-mile long taper 
is to minimize/avoid impacts (burial) of the nearshore hardgrounds that exist 
along the southern mile of the PAFB shoreline and further south along the Mid 
Reach project area.  Specific physical monitoring conducted since 2005 pursuant 
to coordination with the National Marine Fisheries Service (NMFS, 2005b), has 
indicated no net effects to the nearshore rock hardground along the southern 
mile of PAFB and north end of the Mid Reach, relative to historically expected 
natural fluctuations.  (See Appendix K – Subappendix I).  This monitoring 
intrinsically includes the effects of beach fill placement along the North Reach of 
the BCSPP, north of PAFB, which provides some littoral drift southward from the 
North Reach to the PAFB project area. 
 
Recent beach nourishment along the South Reach, BCSPP, immediately south 
of the Mid Reach, was initially constructed in 2002-03.  It was renourised in 
Spring 2005 to restore erosion losses sustained during the severe hurricane 
impacts of 2004.  The northern limit of this project was truncated to its initially 
constructed limits to avoid potential impacts to nearshore hardgrounds at the 
south end of the Mid Reach.  This project otherwise includes only a nominal 
taper length in view of the relatively sparse and highly ephemeral exposure of 
hardgrounds immediately north of the South Reach project area.  Specific 
physical monitoring conducted since 2005 pursuant to coordination with the 
National Marine Fisheries Service (NMFS, 2005a), has indicated no effects to the 
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nearshore rock hardground along the southern 1.5 miles of the Mid Reach, 
immediately adjacent to the South Reach, relative to historical natural 
fluctuations.  (See Appendix K – Subappendix I).   
 
Improvements to inlet sand management improvements at Port Canaveral, since 
1992/95, are intended to mitigate ongoing and future erosion impacts associated 
with the Canaveral Harbor federal navigation project.  Evaluation by an 
independent coastal expert study concluded that, while these inlet improvements 
are not intended to restore historical littoral impacts, they appear to be adequate 
to offset present and future impacts (Kriebel et al. 2002).  These improvements 
include numerous measures.  Nearshore disposal of suitable maintenance-
dredged sandy material is placed in about 18 ft water depths, offshore of Cocoa 
Beach, over 8 miles north of the Mid-Reach.  Sand bypassing transfers an 
average of about 936,000 cy of sand from the shoreline north of the inlet for 
placement within 1 to 3 miles south of the inlet (about 12 miles north of the Mid 
Reach), about every six years.  Improvements to the north and south jetties at 
the inlet include extensions and sand-tightening to retain sand upon the beach 
and out of the inlet.  These measures are intended to maintain the natural littoral 
system, and not to advance the shoreline.  Kriebel et al. (2002) concluded that 
there is no direct indication that the littoral impacts associated with Canaveral 
Harbor extend significantly into the Mid Reach; i.e., beyond 10 to 15 miles south 
of the inlet. 
 
Artificial lighting, coupled with loss of dune/coastal hammock vegetation and 
increased elevation of the beach berm, exposes the marine turtle nesting beach 
to increased artificial lighting.  This lighting can lead to disorientation of marine 
turtles (viz., hatchlings), impeding their timely entry from nest to sea.  To address 
this impact, to date, all beach nourishment activities along the Brevard County 
shoreline, adjacent to the Mid Reach, have incorporated (1) dune vegetation, (2) 
sloping “turtle friendly” berm elevations, (3) beach lighting surveys and follow-up 
measures to reduce lighting.  The slopes, elevations and widths of the beach fill 
placement in the proposed action are likewise designed to minimize impacts to 
marine turtles.  Beach lighting surveys will be likewise conducted. 
 
Urban storm water runoff can potentially degrade water quality and the biotic 
community associated with the nearshore hardgrounds.  The geographic region 
includes about 17 storm water outfalls that discharge upon the sand beach 
during rainfall events, of which 12 are within the project impact area.  Of these 
17, three are considered high-flow, four are considered to be moderate to low 
flow, five are observed as no-flow, three have been already improved, and two 
are small and maintained by private interests.   The non-federal interests in the 
project have developed a plan and schedule to improve these outfalls in order to 
minimize discharge onto the beach (Brevard County NRMO, 2008).  
Improvements in this regard are typically required by the State of Florida as part 
of its issuance of permits for the proposed action.  As such, the proposed action 
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represents a stimulus for the non-federal interests to improve urban storm water 
runoff. 
 
 
5. Characterize the resources, ecosystems, and human communities identified in 

scoping (Items 1-4) in terms of their response to change and capacity to 
withstand stresses. 

  
The nearshore hardgrounds exist in a shallow, turbulent, highly dynamic, 
energetic and sedimentary environment.  The hardgrounds are subject to 
frequent burial and exposure by sand, turbidity, and abrasion.  Ground-truth 
transects indicate changes in the amount of exposed rock along the entire Mid 
Reach shoreline of over 35% within a few weeks (Olsen 2003), with dynamic 
burial varying between 1 and 100 centimeters in vertical thickness).  
 
The physical stresses of the nearshore habitat limit the biodiversity and 
survivability of epibenthic species. Despite this physically demanding 
environment, however, several sessile organisms are well adapted to the 
prevailing conditions and often cover high portions of the exposed rock.  One 
such organism is the sabellarid polychaete Phragmatopoma lapidosa, which 
forms large gregarious colonies commonly referred to as worm reefs (Kirtley and 
Tanner, 1968; McCarthy, 2001).  The worm reef colonies are composed of sand 
grains cemented together to form rugose structures that add relief and structural 
complexity to existing natural and artificial hard bottom.  The growth of worm reef 
depends on a combination of available hard substrate, wave energy, sediment 
availability, and larval supply (McCarthy et al., 2003).   Wave impacts from fairly 
frequent to severe storms can dislodge and destroy much or almost all of the 
worm rock colonies that have formed upon the nearshore coquina rock outcrops 
along the Mid Reach.  The colonies are typically reformed within a few summers 
thereafter (Olsen 2003). 
 
In addition to fish species, worm reef supports associated assemblages of 
organisms, such as decapod crustaceans (Gore et al., 1978).  A total of 22 
species of algae, at least two sponge species, a gastropod mollusk, a crab, and 
unidentified hydroids and ascidians was identified within the project area rock 
habitat (CSA 2005b); see Appendix K – Subappendix B.  The occurrence of 
fish species is described in CSA 2005a; see Appendix K – Subappendix C.   
 
Turbidity can affect feeding, movements and respiration in fishes.  High 
concentrations of suspended or fine sediments can clog or abrade gills.  The 
ability of these biota -- specific to the existing hardgrounds -- to survive within this 
dynamic and turbulent environment indicates their tolerance to high levels of 
sedimentation, turbidity and periodic burial.   
 
While nesting marine turtles are likewise adapted to a dynamic, energetic, sandy 
environment, non-nesting emergences may result on beaches that are overly 
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compact.  Hatching success may be adversely impacted by nests established on 
sand beaches with poor gas exchange, or which are subject to physical erosion 
or frequent inundation.   
 
The proposed action will introduce additional sediment to the beach system, 
directly or indirectly at the nearshore hardgrounds.  The degree to which this 
sediment will impart change or stress to the system is in large part associated 
with the amount and quality (grain size, compatibility) of the sediment, and the 
lines, grades and slopes to which the sediment is placed. 
 
 
6. Characterize the stresses affecting these resources, ecosystems, and human 

communities and their relation to regulatory thresholds. 
  
 
Critical levels of sedimentation (in terms of thickness and temporal length of sand 
burial) and sedimentary abrasion affecting the survival or growth of macroalgae, 
worm rock, infauna and other biota associated with the nearshore hardgrounds 
are likely cross-dependent on numerous other factors and vary with the biota, 
and are otherwise not definitive.  Levels of sedimentation associated with the 
nearshore habitat along the Mid Reach can not be pragmatically measured (as is 
done for coral reef monitoring, for example) and compared to regulatory 
thresholds, for which there are none applicable to these very shallow water, 
dynamic habitats.    
 
Relevant State of Florida turbidity thresholds require that activities create less 
than 29 NTU above background levels.  It is not anticipated that the proposed 
action will result in turbidity that reaches or approaches this level given (1) the 
coarse nature of the beach fill sediment with very low (<2% to 3%) fines fraction, 
(2) the beach fill will be placed by truck-haul after previously being dewatered in 
an upland stockpile area, and (3) there have been no prior instances of the use 
of the proposed material nearing the 29 NTU turbidity level in five years of 
previous project applications. 
 
Standards developed by the USFWS require that measured beach compaction 
be less than 500 cone penetrometer units at 6”, 12”, and 18” below beach grade, 
in order that the beach be compliant with marine turtle nesting activity (else, the 
beach must be tilled).  Monitoring for beach compaction, and subsequent tilling 
when required, is undertaken for all beach restoration activities in Brevard 
County.  The standards developed and followed in this regard have thus far 
appeared to be appropriate relative to their objectives. 
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7. Define a baseline condition for the resources, ecosystems, and human 
communities. 

 
The general occurrence of nearshore rock hardgrounds along the project impact 
area was described by Continental Shelf Associates (1990).  Preliminary 
mapping of the hardgrounds from aerial photography was conducted by the 
Corps of Engineers in 1995, and identified about 32 acres along the Mid Reach 
shoreline (USACE 1996).  Multi-spectral image analysis of January 2001 aerial 
photography with ground-truth transect surveys indicated an estimated 51.4 
acres of exposed rock along the Mid Reach area plus an additional 9.3 acres 
along the southern mile of Patrick AFB.  Image analysis of June 2004 aerial 
photography with repeated transect surveys indicated an estimated 31.3 acres of 
rock along the Mid Reach, plus an additional 11.2 acres along PAFB.   
 
Collecting aerial photography of sufficient clarity (in terms of water clarity, surf 
and turblulence, cloud cover, etc.) to accurately identify and quantify the amount 
of exposed nearshore rock hardgrounds along this coastline is extremely difficult.  
Because the June 2004 results represent the most recent, reliable mapping of 
the rock outcrops, they have been used as the baseline for the project 
formulation, described in this report.   
 
Percent cover analyses from surveyed sites along the Mid Reach rock 
hardgrounds showed total green algal cover ranging from 0.0% to 30.4% (11.4% 
average), total red algal cover from 4.7% to 47.0% (22.2% average), and total 
algal cover from 16.3% to 54.5% (39.1% average) at individual locations 
(Continental Shelf Associates 2005b). The two most abundant green algae 
species were C. prolifera and U. lactuca, which had percent cover values ranging 
from 0.0% to 24.4% (5.9% average) and 0.0% to 12.5% (2.3% average), 
respectively. Bryocladia cuspidata was the only abundant species of red algae 
that could be consistently identified from the video data set, and its percent cover 
at specific sites ranged from 0.0% to 41.6% (6.5% average). Wormreef (P. 
caudata) was observed at nine of 14 sampling locations and had percent cover 
values ranging from 0.0% to 27.2%, and 5.2% cover for all sites averaged.  This 
value is consistent with estimates from aerial image analysis (Olsen 2003).  The 
abundance and foraging activities of marine turtles among the nearshore 
hardgrounds of the project impact area are described by Holloway-Adkins and 
Provancha (2005).   See also Appendix K – Subappendix A and B. 
 
Pre-project, baseline conditions that characterize the biota and physical exposure 
(and natural variation) of the nearshore rock hardgrounds and beach profile shall 
be measured as part of the project’s Mitigation and Monitoring Plan.  Details of 
this plan are presented in Appendix K – Subappendix J. 
 
Baseline conditions for marine turtle nesting activities have been previously 
established through mostly annual monitoring conducted in Brevard County since 
1992 and before.    
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8. Identify the important cause-and-effect relationships between human activities 
and resources, ecosystems, and human communities. 

  
Anthropogenic factors that may principally, and potentially, result in substantial 
effects to the nearshore hardground communities in the project impact area 
would be shore protection, pollution, mechanical destruction, and overfishing.  Of 
these, only shore protection activities are pragmatically relevant.  Pollution would 
adversely affect the hardground biota.  A source of pollution may be stormwater 
outfalls upon the beaches, and these outfalls are to be modified by non-federal 
actions in the future, particularly as the proposed action may be implemented.  
Mechanical destruction of the hardgrounds (by dredging or displacement, etc.) is 
not known to occur or likely to occur at this location.  Recreational (surf) fishing 
occurs along the hardgrounds, from the beach, but is not known to be unusually 
frequent or abundant in the quantity of catch. 
 
Shore protection activities can affect the nearshore hardgrounds by (1) direct 
burial/sedimentation by sand placement, (2) indirect burial/sedimentation by 
alongshore or cross-shore diffusion (transport) of sand across the reefs, (3) 
turbidity, (4) accumulation of sand by the construction of groins, breakwaters, or 
similar structures intended to entrap or stabilize sand movement, and (5) beach 
erosion and burial of the nearshore rock, such as induced by seawalls and 
armoring. 
 
Mechanical and beach lighting activities along the beach can adversely impact 
marine turtle nesting by (1) physical impact, (2) burial, indundation and/or 
exposure of nests, (3) establishment of beach sediment that is not compatible 
with nesting, and (3) disorientation. 
 
Direct burial of nearshore hardbottom will result in mortality of macroalgae and 
faunal epibenthic species, as well direct burial of newly settled life stages of 
fishes. Suspension of sediment may cause mortality of eggs and larvae of marine 
and estuarine fish, and a reduction in feeding in juvenile and adult fish. 
Settlement and shelter of juvenile fish may be reduced by the gradual burial of 3 
acres of nearshore hardbottom habitat. Foraging sea turtles and fish will be 
displaced to adjacent areas of hardbottom.  Some speculate that reduced 
feeding success may influence survival, year-class strength, and recruitment of 
juvenile fish that inhabit nearshore hardbottom.  For these reasons, the proposed 
action includes compensatory mitigation to serve towards replacing ecological 
functions potentially lost with the partial or total burial of about 3 acres of existing 
nearshore hardgrounds.  
 
 
9. Determine the magnitude and significance of cumulative effects  
 
The proposed action is anticipated to impact on the order of 3 acres of existing 
nearshore hardgrounds, or about 7% of the total exposed hardground resource 
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along the Mid Reach project area and adjacent Patrick AFB shoreline, based 
upon June 2004 mapping.  The impacts are predicted to vary, decreasing (to on 
the order of 1.8 acres) between project renourishments.  Formulation of the 
project, including requirements for mitigation, are based upon the higher, nominal 
value of 3 acres. 
 
This assessment accounts for cumulative impacts to the nearshore hardgrounds 
from adjacent, regional beach nourishment activities.  Annual monitoring of the 
beach and hardground resources since 2005 indicates that beach and dune 
renourishment activities along the adjacent shorelines have not adversely 
impacted the occurrence of exposed nearshore hardgrounds relative to 
historically expected, natural fluctuations.  (See Appendix K – Subappendix I.) 
 
Through a detailed assessment based upon field prototype investigations and 
related analysis, the project’s mitigation reef has been evaluated and developed 
in terms of its likely ability to replace ecological functions impacted by the 
proposed action.  (See Appendix K – Subappendix G.)  Mitigation reefs 
proposed for this project cannot be assumed to replace all ecological functions 
for the same suite of species or life stages that exist on natural reefs in shallower 
water.  There are likely species-specific differences in sensory perception to 
water depth, wave energy, light penetration, turbidity, and other factors that may 
be different at the proposed mitigation site.  In addition to these deterministic 
factors, there is an element of uncertainty associated with the colonization of 
newly available substrate by marine organisms that leads to variability and 
unpredictability.  Nevertheless, an estimate of the fraction of the macroalgal, 
invertebrate, and fish species present at the impact site that will ultimately reside 
on the mitigation reefs located 300 to 400 m offshore is 75%.  Over time, this will 
lessen the significance of the initial adverse impact affected by direct burial of the 
landward edge of the hard bottom feature.  Detailed discussion of the anticipated 
functional loss and functional gain associated with the biotic community and 
habitat at the impacted (nearshore hard bottom) and mitigation reef features is 
presented in CSA et al. (2006, 2008), and Appendix K – Subappendix G. 
 
Annual monitoring of marine turtle nesting success on Brevard’s beaches have 
indicated no significant adverse impacts associated with prior or ongoing 
renourishment activities.  The proposed action will utilize sand from the same 
sources utilized for these other activities, and shall adopt similar “turtle friendly”  
fill placement geometries, construction restrictions and monitoring protocols. 
 
The proposed action will not result in a cumulative increase in sand placement 
along the Mid Reach project impact area, as it will replace dune restoration that 
has been periodically required by the non-federal sponsor in response to dune 
erosion effected by severe storms, since 2004.  Instead, the action should act to 
better ensure the beach-compatible quality of the placed sand through the 
placement of high-quality sand from offshore sand sources that has been 
successfully used on the adjacent shorelines. 
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The results of the environmental monitoring of the beach/seabed, nearshore 
hardground and mitigation reef structures will provide the information necessary 
to assess the overall cumulative impacts of the proposed action upon the 
affected environmental resources in and offshore of Brevard County.  
 
 
10. Modify or add alternatives to avoid, minimize, or mitigate significant 

cumulative effects  
 
The Corps of Engineers and Brevard County, through research activities and 
through coordination and discussion with the representatives of the Corps 
regulatory division, National Marine Fisheries Service, U.S. Fish & Wildlife 
Service, Environmental Protection Agency, and Florida Department of 
Environmental Protection, has reduced the potential for significant cumulative 
effects to environmentally sensitive nearshore resources from turbidity and 
sedimentation through the development of the selected plan.   
 
As described in Chapter 5, formulation of the proposed action considered over 70 
beach-fill project alternatives in addition to other alternatives comprising coastal 
structures and armoring, reefs, nearshore sand mounds, coastal regulation, 
retreat, acquisition and no-action.  The ultimate selection of the proposed plan 
sought to avoid and minimize project-related impacts to the greatest extent 
possible while maintaining the project objectives and to likewise implement 
mitigation for unavoidable impacts.  (See Chapter 5 for a detailed discussion.)  
Development of the project’s innovative mitigation reef structure has been 
modified through the course of the project formulation to increase the probable 
success of the reef in replicating displaced ecological function of the impacted 
nearshore hardgrounds, by better emulating the physical nature of the impacted 
resource and decreasing the possibility of subsidence of the structure.   
 
 
11. Monitor the cumulative effects of the selected alternative and adapt 

management.    
 
A physical and biological monitoring program will be implemented to evaluate the 
pre- and post-project conditions, performance and effects of the proposed beach 
fill placement, nearshore hardgrounds, and mitigation reef.  Details of this 
program are described in Appendix K – Subappendix J (Mitigation and 
Monitoring Plan).   This Plan likewise describes adaptive management actions 
that shall be taken in response to results of the monitoring plan.   
 
In the present instance, the proposed activity and its predicted effects are 
relatively small and reversible.  The resources of the nearshore hardgrounds that 
will be affected by the proposed sand placement exist in a dynamic environment 
and are adapted to naturally high sedimentation, sand abrasion, turbidity, and 
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cyclical sand burial and exposure.  The physical and temporal scales of the sand 
placement and resultant impacts to the beach and nearshore hardgrounds are 
relatively small.  The scale of the project can be readily adapted to respond to the 
monitored effects of the project’s action, relative to the predicted effects 
described herein. 
 
The project shall likewise implement monitoring during construction attendant to 
threatened and endangered species protection, turbidity, cultural resources, 
beach compaction, beach lighting and marine turtle nesting and success, 
sediment-quality assurance, and dredge location and control.  These monitoring 
activities are described in Section 7.2.34 (Environmental Commitments).  Each 
activity includes prescribed measures for monitoring and real-time response 
(adapative management) to the monitoring observations.  Identical or analogous 
monitoring protocols and measures have been successfully utilized in the past for 
analogous projects constructed within the affected region and elsewhere 
throughout the State of Florida. 
 
 
 
 
LITERATURE CITED 
 
Brevard County NRMO.  2008.  Summary of Brevard County Outfalls:  Existing 
conditions and proposed plan of improvements.  Report prepared by Brevard 
County Natural Resources Management Office and Olsen Associates, Inc.  
Response to FDEP RAI#6A, JCP File No. 0254479-001-JC, Att. B1.  March 31, 
2008. 
 
 
Continental Shelf Associates, Inc. (CSA). 1990.  Environmental impact 
assessment for beach restoration, Brevard County, Florida.  Prepared for Olsen 
Associates, Inc.  57 pp. 
 
Continental Shelf Associates, Inc. 2005a.  Survey of fishes along the Brevard 
County Mid Reach.  Continental Shelf Associates, Inc.  759 Parkway Street, 
Jupiter, FL  33477.  11 pp.  14 November, 2005. 
 
Continental Shelf Associates, Inc.  2005b.  Results of epibiotic surveys of 
nearshore rock outcrops in the Mid Reach project area in Brevard County, 
Florida.  Prepared for Olsen Associates, Inc.  15 pp. 
 
Council on Environmental Quality (CEQ), 2007.  “Considering Cumulative Effects 
Under the National Environmental Policy Act.”  Council on Environmental Quality.  
Executive Office of the President.  722 Jackson Place NW.  Washington DC 
20503.  January 2007. 
 

  - 16 -



Ehrhart, L. M. and S. Hirsch 2008.  Marine turtle nesting monitoring:  Brevard 
County Shore Protection Project; South Reach 2007.  Department of Biology, 
University of Central Florida, P.O. Box 162368, Orlando, FL  32816.  21 pp.  15 
February, 2008. 
 
Geomar 2008.  An assessment of sea turtle nesting success – Brevard County 
Federal Shore Protection Project, North Reach, 2007.  Geomar Environmental 
Consultants, Inc., 130 Belmont Avenue, Cocoa, FL  32927.  17 pp.  March, 2008. 
 
Gore, R.H., L.E. Scotto, and L.J. Becker.  1978.  Community composition, 
stability, and trophic partitioning in decapod crustaceans inhabiting some 
subtropical sabellariid wormreefs.  Bull. Mar. Sci.  28(2):221-248. 
 
Holloway-Adkins, K.G., and J.A. Provancha.  2005.  Abundance and foraging 
activity of marine turtles using nearshore rock resources along the Mid Reach of 
Brevard County, Florida. Dynamac Corporation, 100 Spaceport Way, Cape 
Canaveral, FL 32920.  October 18, 2005.  45 pp. 
 
Kirtley, D.W. and W.F. Tanner.  1968.  Sabellariid worms: Builders of a major 
reef type.  J. Sed. Petr. 38:73-78 
 
Kriebel, D., R. Weggel, R. Dalrmymple, 2002.  Independent Study Report:  
Brevard County, Florida Shore Protection Project.  Report prepared for U. S. 
Army Corps of Engineers, Jacksonville District, Jacksonville, FL.  92 pp.  
September 30, 2002. 
 
McCarthy, D.A.  2001.  Life-history patterns and the role of disturbance in 
intertidal and subtidal populations of the polychaete Phragmatopoma lapidosa 
(Kinberg 1867) in the tropical Western Atlantic.  Ph.D. Dissertation.  King’s 
College, London.  237 pp. 
 
McCarthy, D.A., C.M. Young, and R. H. Emson.  2003.  Influence of wave-
induced disturbance on seasonal spawning patterns in the sabellariid polychaete 
Phragmatopoma lapidosa (Kinberg 1867).  Mar. Ecol. Prog. Ser. 256:123-133. 
 
 
NMFA, 2005a.  Correspondence from M. Croom to Col. R. Carpenter (Corps of 
Engineers, Jacksonville District).  National Marine Fisheries Service, Southeast 
Regional Office, St. Petersburg, FL.  January 22, 2005. 
 
NMFS, 2005b.  Correspondence from M. Croom to R. Sutherland (PAFB).  
National Marine Fisheries Service, Southeast Regional Office, St. Petersburg, 
FL.  January 27, 2005. 
 
 

  - 17 -



  - 18 -

Olsen Associates, Inc.  2003.  Assessment of nearshore rock and shore 
protection alternatives along the Mid Reach of Brevard County, FL.  Report 
prepared by Olsen Associates, Inc., 4438 Herschel Street, Jacksonville, FL  
32210, for Brevard County Natural Resources Management Office. 187 pp. 
January 2003. 
 
USACE. 1996. Brevard County, Florida Shore Protection Project Review Study -- 
Feasibility study with final environmental impact statement.  U.S. Army Corps of 
Engineers, Jacksonville District, Jacksonville, FL.  September 1996. 
 



 
 
 
 
 
 

Appendix K 
 

Environmental Documentation 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Integrated General Reevaluation Report  
and  

Supplemental Environmental Impact Statement 
 

Brevard County, Florida 
Hurricane and Storm Damage Reduction Project 

Mid-Reach Segment 
 
 
 
 
 



Sub-Appendix A:  Abundance and Foraging Activity of Marine Turtles 
 
Sub-Appendix B:  Results of Epibiotic Surveys of Nearshore Rock Outcrops 
 
Sub-Appendix C:  Essential Fish Habitat (EFH) Assessment 
 
Sub-Appendix D:  Assessing Larval Recruitment of the Polychaete 
 
Sub-Appendix E:  The Recruitment of Macroalgae on Subtidally Deployed 
Structures 
 
Sub-Appendix F:  Practical Considerations of Depth for the Construction of 
Nearshore Mitigation 
 
Sub-Appendix G:  Mitigation Assessment Analysis 
 
Sub-Appendix H:  Habitat Equivalency Analysis (HEA) 
 
Sub-Appendix I:  Occurrence of Nearshore Rock Outcrops 
 
Sub-Appendix J:  Mitigation and Monitoring Plan 
 
Sub-Appendix K:  Meeting Notes 
 
 



APPENDIX SEIS-A 
 
 

Abundance and foraging activity of marine turtles 
using nearshore rock resources along the Mid Reach 

of Brevard County, Florida. 



 
 
 
 
 

 
FINAL REPORT 

 
Abundance and Foraging Activity of Marine Turtles  

Using Nearshore Rock Resources along the Mid Reach of 
Brevard County, Florida  

 
 

 
 
 
 

Contract No: 
OLS 02022005 

 
 

October 18, 2005 
 
 
 
 
 

Submitted to: 
 

Olsen Associates, Inc. 
4438 Herschel Street 

Jacksonville, FL 32210 
 
 
 
 

Prepared by: 
 

 
 

100 Spaceport Way 
                                              Cape Canaveral, FL 32920 



 1 

 
 
 
 

FINAL REPORT 
 
 
 

Abundance and Foraging Activity of Marine Turtles 
Using Nearshore Rock Resources along the Mid Reach of 

Brevard County, Florida 
 
 
 
 
 
 

Contract No: 
OLS 02022005 

 
 

October 18, 2005 
 
 
 

Submitted to: 
 

Kevin R. Bodge, Ph.D., P.E. 
Olsen Associates, Inc. 
4438 Herschel Street 

Jacksonville, FL  32210 
 
 
 
 
 

Prepared by: 
 

Karen Holloway-Adkins 
and Jane Provancha 

Dynamac Corporation 
100 Spaceport Way 

Cape Canaveral, FL  32920 



   2 

ABUNDANCE AND FORAGING ACTIVITY 
 OF MARINE TURTLES 

USING NEARSHORE ROCK RESOURCES 
 ALONG THE MID REACH OF 

BREVARD COUNTY, FLORIDA 
 
 
 
 
 
 

TABLE OF CONTENTS 
 

Page 
 

INTRODUCTION................................................................................................................... 3  
 

   
METHODS ........................................................................................................................... 5 
  
RESULTS  .......................................................................................................................... 12  
 
DISCUSSION .......................................................................................................................... 22    
 
ACKNOWLEDGEMENTS ................................................................................................... 29   
 
LITERATURE SITED ........................................................................................................... 30  
 
APPENDIX ........................................................................................................................... 32 

 
 
 
 
 
 
 



 3 
   

 

Introduction 

 
The nearshore hardbottom habitat in Brevard County, Florida is composed of worm rock, 

coquina and limestone outcroppings.   Within the County, the hardbottom habitat is most 

conspicuous along the shoreline from the south end of Patrick Air Force Base (PAFB) to 

the city of Indialantic (Figure 1).  The history of mapping and assessments of these rock 

outcroppings is described by Olsen (2003).   The reef parallels the shoreline and is partially 

exposed in many areas at mean low tide. The reef structures exist predominantly in waters 

0-4 m deep. The water conditions over the structures are highly dynamic throughout the 

year; turbulent with high wave energy and normally poor visibility. Portions of the reef 

have been described as ephemeral; being covered and uncovered by shifting sands during 

typical surf and extreme tide and storm events.  Sections of the nearshore reef in Brevard 

County are composed of “worm rock”.  The rock structures are formed by the reef-building 

sabellariid worm, Phragmatapoma lapidosa; originally described by Kirtley and Tanner 

(1968).  Similar hardbottom habitats studied in Indian River and Martin Counties revealed 

that more than 300 invertebrates, 192 fish species, and over 100 marine algae species 

utilize the reefs and associated resources for development and survival (Nelson and 

Demetriades, 1992; Juett et al., 1976; Nelson, 1989).  In addition to these taxa, marine 

turtles have also been found to utilize the rock resources (Ehrhart, 1992).  

 

While the nesting population of marine turtles in Brevard County has been extensively 

studied since the 1980’s (Ehrhart et al., 2002), the juvenile marine turtle population 

utilizing the nearshore hardbottom in Brevard County was not studied until 2003 



(Holloway-Adkins, 2005). In Florida, the use of nearshore reefs as developmental habitat 

by juvenile loggerhead and green turtles has been recognized and studied in Indian River  

County (Ehrhart, 1992; Ehrhart et al., 2001); Port St Lucie County (Bresette et al., 1998; 

Quantum Resources, 2000); Palm Beach County (Makowski, 2004; Makowski et al., 2002) 

and Broward County (Wershoven and Wershoven, 1989).  The purpose of this study is to 

provide baseline information for the Supplemental Environmental Impact Statement (SEIS)  

document that will augment the Final EIS Brevard County Shore Protection Study 

conducted in 1996 (USACE, 1996).  That study included plans for several alternatives to 

provide beach nourishment and shoreline protection in Brevard County.  While the original 

EIS evaluated several shore protection options, planners could not adequately address the 

potential impacts to the 7.6 mile section of nearshore hardbottom referred to as the “Mid 

Reach”.   Based on this lack of sufficient information for the Mid Reach, the U.S. Fish and 

Wildlife Service (USFWS) and the National Marine Fisheries Service (NMFS) coordinated 

with Brevard County and the USACE (United States Army Corps of Engineers) which 

resulted in shore protection only for the areas north and south of the Mid Reach.   The 

agencies determined that a more intensive investigation of the environment and potential 

impacts to the nearshore hardbottom and associated flora and fauna would be required 

before proposed options would be considered. The data from the current (2005) study will 

provide the SEIS with: 1) a more detailed description of the affected environment, as it 

relates to the ecology of juvenile marine turtles, and 2) an evaluation of the environmental 

consequences of proposed shore protection options for the Mid Reach area.  

 

The specific objectives of the 2005 study were to (1) collect data concerning the relative 

abundance and distribution of marine turtles using the nearshore hardbottom along the Mid  
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Reach, (2) assess the size class structure and condition of the turtles, (3) determine the 

foraging and movement habits of the turtles, and (4) compare the data with similar juvenile 

marine turtle studies on the east coast of Florida.  A separate marine turtle study conducted 

within the Mid Reach area during 2003-2004 (Holloway-Adkins, 2005) will be used in this  

report.  While the goals of the 2003-2004 (hereafter referred to as the 2004 study) were not 

designed to address the full extent of the Mid Reach, the applicable data are incorporated 

into this report to increase the sample size and temporal component of this assessment.   

METHODS 

Study Area---The Mid Reach is located along the Brevard County coast from latitude 28o 

13.8 N, longitude 80o 35.9 W to latitude 28o 6.18 N, longitude 80o 34.06 W which 

correspond to the designated state monuments R-75.4 and R-118.3, respectively (Figure 1).  

There are some dense reef structures north of R-75. Transect data were periodically 

recorded from section R-68 to R-75 for comparison with the Mid-Reach data.  The county, 

state, and USACE use R-monument numbers to describe and track specific subsections of 

beach for biological and engineering purposes.  The average distance between R-

monuments is approximately 1000 ft.  The USACE grouped R-monuments to form six 

segments of unequal lengths along the beach for evaluation purposes. These segments will 

be referred to as Corp Segments throughout the remainder of this document.  The study’s 

northern landmark is the Officers Club at PAFB, approximately 2.0 km (1.2 mi) north of 

State Road (SR) 518 or Pineda Causeway.  The southern landmark is the intersection of 

Fluge Ave. and Highway A1A, approximately 1.0 km (0.6 mi) north of SR 192.  

 

Several methods were used to accomplish the study goals and included (1) visual transect 

surveys to identify the relative abundance and distribution of turtles, (2) tangle net and 
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hand captures to provide data on the size class and condition of turtles, (3) flushing the 

esophagus of turtles to identify what they were eating, and (4) attaching acoustic tracking 

devices to several green turtles to study their movement and behavior over the nearshore 

hardbottom area.    

Visual Transect Surveys---Systematic visual surveys were conducted from spring of 2003 

through summer 2005. The 2003-2004 surveys were designed for a separate study and 

covered a 7 km (4.2 mi) linear distance between R-74 and R-99, or Corp Segments 4, 5, and 

6 (Figures 2 and 3). The 2005 surveys followed a transect that covered the linear distance of 

the Mid Reach which began at the northern boundary of the study area (R-68) and terminated 

south at R-119.  The transect length was 14.2 km (8.5 mi) and extended across all six Corps 

Segments and into southern PAFB (Figures 2 and 3). Surveys were conducted from a 7.3 m 

(24 ft) Carolina Skiff with a captain and two turtle observers.  One observer was positioned 

midship and the other at the bow.  The vessel was maneuvered parallel to the shoreline at 

approximately 7 mph. (11.2 km/h). The distance from shore was determined by the ocean 

conditions, water depth and activities present along the shoreline (i.e., people fishing, 

swimming, or surfing). The vessel platform elevated the observer’s  “height of eye” to 

approximately 2.5 m (8 ft) above the waterline. The observation swath was approximately 

180o with a bias across the bow and landward side of the vessel.  When an observer 

positively sighted a turtle, the captain immediately marked a waypoint on the GPS (Garmin 

72), and then recorded the turtle species, time of day and waypoint number on a datasheet or 

waterproof dive slate.  The water temperature, water clarity, sea state, and weather conditions 

were also recorded for the survey. 



Netting --- Marine turtles were captured using tangle net methods described by Ehrhart and 

Ogren (1999).  Captured animals provided a subsample of the size, distribution and 

condition of turtles using the nearshore hardbottom.  Tangle nets were set at various 

locations along the Mid Reach (Figure 3). Netting sites were selected based on where: 1) 

turtles were spotted during visual transect surveys, 2) nets could be safely deployed and 

monitored depending on water depth, visibility and surf conditions, and 3) a safe distance   

could be maintained from human activities. The tangle net was 180 m long x 3 m deep, 

constructed of 18-gauge nylon twine with a knot-to-knot stretch diameter of 30 cm.  The 

top line of the net was constructed of braided polypropylene and the bottom line was 12 lb. 

(5.4 kg) lead core.  The net was deployed over the bow of a 7.3 m (24‘) Carolina Skiff in 

1.5 to 2.0 m (6.5’) water depth.  The net was set over the sand bottom adjacent to the reef 

and parallel with the shoreline (Figure 4).    It was secured to the bottom with a 24 lb. 

 

Figure 4. Tangle net being set to capture marine turtles along the Mid Reach study area. 
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(10.8 kg) anchor attached at either end.  Bullet-shaped buoys were attached with clips 

along the top line at 7-10 m (24- 32.5’) intervals. The net was continually monitored to 

avoid drowning turtles or injuring other marine organisms captured in the net. When 

visibility permitted, researchers would snorkel the net looking for entangled turtles. When a 

turtle was sighted, the boat was signaled and the snorkeler retrieved the turtle from the net 

and delivered it to the nearby waiting boat.  When the visibility was poor the net was 

monitored from the bow of the boat by pulling hand-over-hand along the top line. The net 

was monitored every 20 minutes or less. When a turtle was located in the net, a large dip 

net was placed underneath it to prevent it from getting free before it was on the boat. The 

deployment and retrieval times were recorded for every net set. Catch-Per-Unit-Effort 

(CPUE) was calculated based on the number of turtles captured per 1,000 m (1 km) of net 

soak time.  

Total turtles / [net length (km) X soak time (hrs)]. 
 
Elasmobranchs (sharks and rays) are often captured in tangle nets set in the shallow 

nearshore environment. When sharks were caught, if they could be landed, their total 

straight length was measured with forestry calipers. The wing-tip to wing-tip measurement 

was recorded for rays and most of the animals were photographed. The species, 

measurement, time and location of captures were recorded and the animals were safely 

released some distance away from the netting site.  

 
Turtles were kept cool with a damp towel and placed on a foam pad in the shade. Their 

flippers were scanned for internal tags and examined for signs of external tags or tags scars. 

If no tags were found, the turtle received an external flipper tag on one or both front 

flippers and an internal tag on the right front flipper. All tagging sites were prepped with 
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Provodine (or Betadine). The external front flipper tags were Inconel tags by National 

Band and Tag Company. These were applied to the 2nd scale from proximal trailing edge of 

each front flipper. The internal P.I.T. (or passive integrated transponder) tags manufactured 

by Destron-Fearing were inserted above the second proximal scale of the trailing edge of 

the right front flipper. Before the P.I.T. tag was inserted, an application of Neosporin (triple 

antibiotic ointment) was applied to the tip of the applicator needle. The P.I.T. tag was 

injected just below the surface of the skin and angled toward the turtle’s wrist. The internal 

tag area was scanned before the turtle was released to verify the transponder was working 

properly.   

 

Turtles were weighed and measured. They were thoroughly checked for any evidence of 

fibropapillomatosis (FP) tumors in their mouth, eyes or other parts of their body. Their 

condition was assessed (i.e., barnacle load, leeches, carapace and flipper damage).  Dorsal, 

ventral and head profiles were photographed, as well as, anything that appeared unusual.  

 

Lavage----An esophageal flushing technique called lavage was used to collect a sample of 

what turtles ingested. The process is a modified veterinary stomach pump procedure where 

ocean water is used to gently flush out the contents of the esophagus (Balazs, 1980; Forbes 

and Limpus, 1993). The contents of the lavage sample were strained and placed in a glass 

jar in a 5% formalin/seawater mix to preserve the plant material. In the laboratory, samples 

were strained through a 0.7 mm filter. Stereoscopy and light microscopy were used to 

identify the sample contents. Many of the content particles were less than 1 cm in length 

with few identifying structural features. Most representatives of algae had to be cross-

sectioned to utilize the cell size and structure for identification. Every effort was made to 
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identify samples to the species level. After sample contents were identified, the sample was 

quantified using a petri dish with 16-cell grid (4x 4) and a cell size of 1.5 cm2.   The sample 

was spread over the grid to form a thin layer across the cells. A Bausch and Lomb 

stereoscope, fitted with a 100 (10 x10) square grid micrometer in the eyepiece, was used to 

segregate the sample and make counts. The scope was adjusted so the micrometer fit neatly 

inside one of the 1.5 cm2 grids of the petri dish.  The items that fell on the top left intercept 

of the even numbered squares of the micrometer were counted, yielding a total potential of 

an 800-item count per sample.  

 

Acoustic Tracking---- Tracking devices were placed on a subset of turtles to establish the 

spatial movements of green turtles using the Mid Reach rock resources.  A tag was attached 

to the turtle’s carapace on the lower portion of the posterior costals using non-toxic marine 

epoxy.  The tag application area was first cleaned with a scrub pad, then dried and lightly 

sanded with fine sandpaper. Alcohol (70% Isopropyl) on a lint-free marine cloth was used to 

wipe away oil or sanding residue.  The epoxy was formed to wrap around the length of the 

tag and then gently pressed onto the carapace. The epoxy hardened in one hour. Two types of 

acoustic tags were used, the CHP-87 and the AST 05 (Sonotronics Inc., Tucson, Arizona). 

The CHP-87 tags transmitted every 6 seconds, each with a specific frequency (69.0-71.0 

kHz). The AST-05 tags were designed to transmit at other frequencies (73.0 kHz and 76.0 

kHz), log time and depth data. The AST-05’s were also designed to transmit real-time depth 

during manual tracking.  A USR-96 receiver, connected to a directional hydrophone (DH-4) 

was placed at mid-water depth and used to detect the presence of tagged animals in the 

tracking area.  Monitoring sessions for turtles with acoustic tags were typically conducted for 

an hour and within a 500-meter area north and south of the location where turtles were 
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originally released.  Tracking was generally attempted at high tide to reduce background 

wave impact noise.  

Sampling Augmentation: At the conclusion of the planned sampling for this study, 

shoreline observations were implemented to supplement data for those areas along the Mid 

Reach where transect data resulted in not a single turtle sighting and where netting did not 

occur due to safety and effort constraints. The shoreline observations were conducted for 

15 minutes from each of seven crossovers. The crossovers were approximately 10’ above 

the top of the dune. The observer’s visual coverage of the water extended approximately 

300’ to the north and south and east about 150’ out from the shoreline. If a turtle was 

sighted at the surface breathing, a time was recorded to prevent counting the same turtle 

more than once. Previous observations indicate juvenile green turtles in this nearshore 

environment breathe approximately every two minutes. 

 
Treatment of data and analyses---All data (visual transects, CPUE, foraging, etc.) were 

entered into spreadsheets for basic summary statistics. The visual transect surveys were 

ranked with a condition code (poor, fair, and good) based on water clarity and sea 

conditions prevalent at the time of the survey.  A survey would be considered poor if the 

visibility was impacted by large swells and/or choppy water. Surveys ranked as poor were  

not included in the summary statistics.  

 

Results were spatially evaluated based on R-monument numbers and the Corps Segments 

(1-6) that were provided in SEIS team meetings on 17 August 2005.  The visual transect 

data were weighted based on the total length (km) of the surveys for comparison between 

years (with differing transect lengths) and to compare spatial trends.  Similar weighting 
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was performed for data analyzed based on Corp Segments (segments varied in length from 

1.1 to 2.85 km).  The GPS waypoint positions recorded for the visual transect surveys, net 

set locations and tracking points were converted to NAD27 using ESRI-GIS tools 

(ArcView and ArcGIS version 8.2). The points were super-imposed on aerial geo-rectified 

maps of the Mid Reach.  The measuring tool provided linear distances for tracking data. 

The percentage of items ingested was calculated for each lavage sample using the item 

count divided by the total sample count.  The population percentage and frequency of 

occurrence of ingested items among all turtles was also calculated.   

 
RESULTS 

 

Visual Transect Surveys— All of the turtles sighted during the transect surveys were 

juveniles, with green turtles (Chelonia mydas) being the most common and making up 99% 

of the sightings.  The only other turtle species sighted was the loggerhead (Caretta caretta).   

Eleven surveys were performed in 2005 along the entire Mid Reach with nine surveys 

meeting the condition criteria for inclusion in the analyses.  Sixty-five turtles (64 green 

turtles and 1 loggerhead) were observed for an average of 7.2 turtles per survey or 0.41 

turtles per km (Appendix, Table A-1).  In 2004, 15 of the 17 surveys met the condition 

criteria, but surveys did not extend into Segments 1-3. The average number of turtles 

observed per survey was 5.2 or 0.74 per km (Appendix, Table A-2).  The distribution of 

sightings varied with each survey, however, no turtles were sighted south of R-109 or 

within Segment 1 (Figures 5, 6, 7, and 8).  For the areas where surveys overlap for both 

years (Segments 4, 5, and 6), the distribution of marine turtles was skewed towards 

Segments 5 and 6 (Figure 8). Using the data solely from 2005, the mean number of turtles 

sighted per Segment indicates a relatively even distribution of turtles across Segments 3, 4, 



5, and 6 with values ranging from 0.62 to 0.85.   Those Segments had values twice as high 

as Segment 2 (Figure 8).   
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conducted in 2004 and 2005. Segments 1 through 3 were not surveyed in the 2004 study.  Observations were 
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ere the aforementioned safety criteria could 

 

 of tangle netting in 2004 and 2005 resulted in 54 total 

eter hours (Table 1).   In 2005, nine juvenile green turtles were 

 2004, netting effort resulted in 20 captures (A

 

 

Netting and Hand Capturing Turtles---

uniform

turtles were most frequently observed and wh

be met.  Netting in 2005 extended from R-77 to R-105 and the 2004 efforts extended from

R-77 to R-98.  The combined efforts

net sets or 11.7 net kilom

captured in tangle net sets and two turtles were captured by hand (Appendix, Table B-1).  

In ppendix, Table B-2).   While the netting  
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ffort was similar, in terms of net kilometer hours, the CPUE in 2004 exceeded the 2005 

Table 1.  Netting effort and CPUE for green turtles captured adjacent to the nearshore rock 

 

Hours Hours Captures CPUE 

Green 
CPUE 

Total 
CPUE 

e

CPUE (Table 1).  

 

resources along the Mid Reach in 2004 and 2005. 

 Effort 
Net 

Net-
KM 

Logger-
head 

Green 
Captures 

Logger-
head 

2004 28.29 5.09 0 20 0 3.52 3.52 
2005 36.81 6.62 0 9 0 1.25 1.25 
TOTAL  65.1 11.71 0 29 0 2.47 2.47 

 
 

Hig E rate respo to n ithin numents R-77, R-95 and R-96 in 

2005, while in 2004 high CPUE rates were within R- 85, R-94 and R-96 (Tables 2 and 3). 

Ove  of th  effo urre se hig UE R-mo ments.   For 2004, the 

high CPUE R-m ents received only 37% of the effort.     

able 2.   Net locations and Catch-Per-Unit-Effort (CPUE) for marine turtles within R-
onuments in 2005. 

R-
monument 

Soak 
Hours 

Net 
km/hrs Effort Mean CPUE 

Cm 
captures 

# Net 
Sets Segment 

h CPU s cor nded et sets w R-mo

r 60% e 2005 rt occ d in the h CP nu

onum

 
T
m
 

R-77 3.75 0.684 10.33% 1.59 1 3 6 
R-81 0.9 0.57 8.61% 0 0 1 6 
R-83 2.32 0.62 9.33% 0 0 2 5 
R-85 3.43 0.33 5.03% 0 0 1 5 
R-95 15.64 2.56 38.68% 1.8 7 11 4 
R-96 7.89 0.98 14.86% 1.85 1 6 4 
R-97 1.42 0.23 3.47% 0 0 1 4 

R-105 9.69% 0 2 1.47 0.64 0 2 
TOTAL 36.82 6.62 100.00%   9 27   
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Tab Net loc ns and h-Pe Effort E) for m in R
mon
 

R-
mo t 

S
H k  Mean E 

C  
captures 

# Net 
S  Seg

le 3.  atio  Catc r-Unit-  (CPU arine turtles with -
uments in 2004.  

numen
oak 
ours 

Net 
m/hrs %Effort CPU

m
ets ment 

R-77 3.34 0.60 11.76% 0.  6 00 0 2 
R-79 1.13 0.20 3.92% 0.00 0 1 6 
R-80 2.58 0.48 9.41% 0.00 0 3 6 
R-81 0.45 0.08 1.57% 0.00 0 1 6 
R-83 0.75 0.14 2.75% 0.00 0 1 5 
R-84 0.55 0.10 1.96% 0.00 0 1 5 
R-85 5.17 0.93 18.24% 11.37 11 6 5 
R-86 2.22 0.40 7.84% 0.00 0 1 5 
R-87 1.87 0.34 6.67% 0.00 0 2 5 
R-90 2.5 0.45 8.82% 1.55 1 2 5 
R-91 0.92 0.17 3.33% 0.00 0 1 5 
R-94 2.13 0.38 7.45% 5.65 2 2 4 
R-96 3.4 0.63 12.35% 8.00 6 3 4 
R-98 1.08 0.20 3.92% 0.00 0 1 4 

TOTAL 28.09 5.10 100.00%   20 27  
 
 

Net efforts  and id n de S ally Segm d 3 

were not sampled in 2004.  When the data are superimposed n Corp Se ents, CPUE 

rates were hig st in Seg s 4 an n 2005 and Segments 4 and 5 in 2004 (Tables 4 

and 5). 

able 4.  Net locations and Catch-Per-Unit-Effort (CPUE) for marine turtles in relation to 
orp Segments in 2005. 

/hrs  %Effort CPUE Cm captures # Net Sets 

in 0420 2005 d o ut incl egment 1.  Addition ents 2 an

 o gm

he ment d 6 i

 
T
C
 

Segment 
Net 

km
Mean 

6 1.25 18.94 0.80 1 4 
5 14.36 0 3 0.95 0.00 
4 3.78 57.03 2.12 8 18 
3 0.00 0.00 0.00 0 0 
2 0.64 9.67 0.00 0 2 
1 0.00 0.00 0.00 0 0 

TO L TA 6.62 100.00   9 27 
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able 5.   Net locations and Catch-Per-Unit-Effort (CPUE) for marine turtles in relation to 

 

Segment km/hrs Effort CPUE Cm captures # Net Sets 

T
Corp Segments in 2004. 

Net Mean 

6 1.36 26.67% 0.00 0 7 
5 2.53 49.61% 1.08 12 14 
4 1.21 23.73% 1.71 8 6 
3 0.00 0.00% n/a n/a 0 
2 0.00 0.00% n/a n/a 0 
1 0.00 0.00% n/a n/a 0 

TOTAL 5.10 100.00%   20 27 

 

 
Shoreline observations conducted on August 23, 2005 were used to supplement netting 

efforts and reassess the absence of boat transect sightings in Segment 1 and the results are 

found in the Appendix, Table C.  Seven shoreline observation surveys extended from 

Segment 2 through Segment 1, including R-109.2 and R-118.8. Three green turtles were 

recorded at R-109.2. No other green turtles were observed south of R-109.2.  

 

n addition to marine turtles, four shark species and two ray species were caught during net 

ets.  Species included Carcharinus leucas, C. brevipinna, Ginglystoma cirratum, 

etobatus narinari, Rhinoptera bonasus, Sphyrna tiburo and Remora spp. (Appendix, 

able D).  Eagle rays (Aetobatus narinari) were the most frequently captured species; 

% of the total elasmobranchs captured.   All of these animals were 

 

 

 

 
 

I

s

A

T

representing 46.4

released alive within the vicinity of their capture.   
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 captured during both study periods. The size distribution 

ased on Straight Carapace Length (SCL) ranged from 26.4 cm to 64.6 cm (Appendix, 

Tables E-1 and E-2).  The average SCL was 35.6 cm (std. +

Size distribution 

Only juvenile green turtles were

b

 8.1) and 94.0 % percent of 

green turtles were less than 44 cm SCL. Two turtles were considerably larger than the rest 

of the sample (56.1 and 64.6 SCL cm), however, all of the captured turtles fell within the 

juvenile size class range (Hirth, 1997).  The majority of turtles ranged towards the smaller 

juvenile size class (Figure 9).   
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Figure 9.   Size class distribution of green turtles captured along the nearshore rock resources in 
the Mid Reach, (N=32). 
 

 
 

 



Condition 

The condition of the turtles observed and captured in 2004 and 2005 was generally healthy 

and free of external parasites.  None of the 32 captured turtles showed signs of 

fibropapillomatosis (FP). Some turtles had small barnacles on their shells or fleshy parts. 

Seven turtles had some kind of minor flipper damage and many turtles had cuts or 

abrasions on the plastron or carapace.   

 

Food Habits 

Lavage samples for 21 green turtles captured in the 2004 study and 11 green turtles 

captured in 2005 were analyzed (Appendix, Table F).  The results indicate turtles were  

foraging on a wide variety and large number of different items on the reef (Table 6). The 

lavage samples contained 44 different items from 6 major categories; the bulk of which 

were in the red algae category.  There was an average of 8 different items found in each 

lavage samples.   

 



Table 6. Items found in lavage samples from green turtles captured adjacent to nearshore 
rock resources along the Mid Reach. 
 
RED ALGAE GREEN ALGAE BROWN ALGAE 
Bryocladia cuspidata Chaetomorpha spp. Padina spp. 
Gelidium spp. Chaetomorpha linum  
Gelidium americanum Cladaphora spp.  
Gelidium pussillum Ulva spp.  
Ceramium sp. Ulva lactuca  
Centroceras clavulatum Caulerpa prolifera  
Gracilaria spp.   
G. mammillaris   
Hypnea spp.   
Hypnea valentiae   
Chondria spp.   
Chondria dasyphylla   
Agardhiella subulata   
Dudresyna crassa   
Laurencia spp.   
Jania adhaerens   
Chondrocanthus acicularis   
   
ANIMAL PLANT INORGANIC 
Bugula Unknown plant (unk orange) Rock 
Tube worm Mush (decomposing matter) Shell 
Shrimp-like Seed Sand 
Caprellid Bark  
Jellyfish   
Star jellies   
Barnacle   
Snail with body   
Insect   
Tubeworm-casing   
Hydroid   
Fish scales   
Gelatinous mass   
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Figure 10. Categories of items ingested by green turtles captured adjacent to nearshore rock resources along 
the Mid Reach. Blue bars indicate the percentage of items ingested, according to category, from combined 
lavage sample results. Yellow bars indicate frequency of occurrence, of each category, among the lavage 
samples. 
 
 
Red algae were consumed in the greatest quantity and the most frequently (Figure 10).  All 

ies or genera found within the samples, the 

dominant red algae groups were Gelidium spp., Gracilaria spp. and Bryocladia cuspidata 

(Figure 11).  

 

of the turtles (100%) ingested red algae and when all samples were pooled, it represented 

68.5% of the contents.  In terms of specific spec
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trackin uring 05 p  juve green tur  were fitted 

r devices; four CHP-87’s and one AST-05 tag. Fo  the five 

 were cap ver rsh rd  of R-95 & R-96 (Corp 

egment 4) and one was captured in the vicinity of R-77 (Corp Segment 6).  Monitoring 

de on 28 separate days for a total of 69 hours (Table 7 and Appendix, 

tle was 

spent 

between the main reefs.   Another turtle (Boomer) was monitored for approximately 1.5 

Figure 11  green turt
l percentage o

aptured 
 the in

djacent rshore rock res urces along t
 the o
ccurrence 

 

Acoustic g---D  the 20 study eriod, five nile tles

with acoustic transmitte ur of

turtles tured o  the nea ore ha bottom in the vicinity

S

attempts were ma

Table G). One green turtle (Sharky) was released and monitored on June 17. This tur

detected on 6 different days and covered a linear distance of 681 m (Figure 12). The 

furthest point away from the original capture/release location was south for 515 m. 

Underwater photography and video were recorded where Sharky was captured and 

several hours. The hardbottom habitat was patchy there, with large expanses of sand 
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how Boomer moving 89 linear meters from the original release location (Figure 13). 

When monitoring was resumed later the same day; however, Boomer could not be detected 

in the area and consequently was not detected again for the remainder of the study period.  

  

Table 7. Juvenile green turtles tagged with acoustic transmitters: size, tag numbers, R-
monuments and total hours spent on the water monitoring each turtle. 
 
Turtle 
Name 

Sonic 
Tag 
ID 
(kHz) 

Capture 
Site (R-
monument)

Size 
SCL 
cm 

Capture 
Date 

Days 
Attempted

Days 
Detected 

hours after released. During that time, Boomer’s sonic transmission indicated that he (or 

she) was on the bottom next to a large ledge.  GPS points recorded during the tracking 

s

Van 69.0 R-96 28.1 May 12 25 0 

Sharky 70.0 R-77 36.0 June 16 12 6 

Boomerang 71.0 R-95 37.9 July 1 10 1 

Hawk 73.0 R-95 39.8 July 1 10 0 

Sally 72.0 R-95 32.9 July 6 7 0 

 

DISCUSSION  

 

The separate and combined results of the 2004 and 2005 studies clearly identify the 

nearshore rock resources along the Mid Reach of Brevard County as marine turtle habitat. 

More specifically, the data convey the area as important juvenile green turtle habitat. The 

visual transects, capture and tracking data indicate green turtles were frequently observed, 

captured and tracked within the northern, dense, nearshore hardbottom.  The most 

consistent and continuous zone with no turtle sightings along the Mid Reach was between 

monuments R109-R119.  This is the zone referred to by the Corps as proposed nourishment 

Segment 1.  It had the lowest concentration and aerial extent of rock reef in the Mid Reach  

 

 



based on our observations and earlier rock classification mapping conducted by Dial Cordy 

in 2001 (Olsen Associates, 2003).  Results of the 2001 mapping reported 1.2 acres of rock 

resource in Segment 1 (Figure 14).  
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Figure 14.   The distribution of rock resources within each Segment along the Mid Rea

 

 

ch 
Study Area. 

The negative correlation in turtle sightings in Segment 1 is likely no coincidence since turtles 

seek substrates with abundant macroalgae cover and refuge, both of which are relatively 

limited in Segment 1. 

 

Working close to shore was dangerous and unpredictable, forcing netting and boating 

events to areas where they could be safely and efficiently conducted. At the same time, nets 

that were set away from the nearshore reefs or in deep water - did not capture turtles. 

Netting effort was concentrated in areas where turtles were observed. As aforementioned, 

marine turtles were not observed in Corp Segment 1; hence there are no CPUE data 

available for that area. The rock resource habitat in Segment 1 is patchy, discontinuous and 

confined very close to shore; also meaning nets could not be efficiently utilized in this area. 
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stuaries, lagoons and sounds (Ehrhart, 1992; Ehrhart et al., 2001; Bresette et al., 1998; 

0; Pro 98) that are not as directed and limited by ocean 

s.  have been 6 juvenile green

shore o tats on th  coas ida urtle

id R revard Co hibi la sim  

y in I ver County bu  overall n th ilar t

 the FP nt in Hu on Is ri

ibution of green 
rtles captured adjacent to nearshore oceanic habitats on the east coast of Florida. 

N 

However, the supplemental (post hoc) observations conducted in late August found green 

turtles in the waters on the north end of Segment 1. In addition, Continental Shelf 

Associates, Inc. observed green turtles in areas within Segment 1 during fish surveys on

August 22, 2005 (Snyder, D., pers. comm.).   We have to assume that turtles utilize the 

resources in Segment 1 but apparently in relative low numbers. 

 

Most research on juvenile sea turtle developmental habitat has been limited to protected 

e

Bresette et al., 200 vancha et al., 19

and weather condition  There  turtle population studies  

conducted in near ceanic habi e east t of Flor  (Table 8).  T s 

captured along the M each in B unty ex t a size c ss distribution ilar to

the worm reef stud ndian Ri t an  mea at is most sim o 

turtles captured at L Power Pla tchins land, Flo da.  

 Table 8.   Mean Straight Carapace Length (SCL) in cm and size class distr
tu
 
Location Method Measurement Size Range 
Trident Basin, Cape 
Canaveral AFS, FL 

Tangle Net & Dip 
Net SCL 31.4 cm  22.9 - 48.1cm  126 

Shipping Channel, Cape 
 Canaveral, FL Trawl TCL 33.8 cm  23.6 - 67.0 cm  19

Worm Reefs, Indian 
River County, FL Tangle Net * SCL 41.1 cm 25.1 - 67.0 cm 190 
FPL Power Plant, 
Hutchinson Island, FL Intake ** SMCL 38.7 cm 20.0 - 108.0 cm  2,417 
Limestone Reefs, 
Broward County, FL SCUBA n/a n/a 26.4 - 67.0 cm 105 
Nearshore Reefs, Tangle Net & 
Brevard County, FL Hand Capture SCL 35.6 cm  26.4 - 64.6 cm 32 
 
This table (in part) was re-created from L.M. Ehrhart and W.E. Redfoot (1998); * Data from L.M. Ehrh
W.E. Redfoot and D.A. Bag
 

art, 
ley (1996); ** Data from Ecological Associates, Inc. (2000). 
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abitats where tangle nets are used and a comparison between CPUEs can be made (Table 

9). The  study w ost s e Tr t Basin; 

howeve ver twice a ge an  the rage CPUE 

for Indian River County worm reefs. Ehrhart (2001) suggested the outcome of CPUE may 

be a  clarity from year to year and fluctuation 

 available food resources, rather than any radical changes in green turtle population 

Currently, there are only two studies of juvenile green turtles using nearshore oceanic

h

 CPUE during the Mid Reach 2005 as m imilar to th iden

r, the 2004 CPUE results were o s lar d closer to ave

 result of changes in surf condition and water

in

density over the reef.   

Table 9.  Comparisons of CPUEs for marine turtle studies conducted over nearshore 
hardbottom areas in Florida. 
 

Location CPUE Year N 

Trident Basin, Cape Canaveral AFS, FL 1.32 1996-1997 39 

Worm Reefs, Indian River County, FL ** 6.28 1989-1995 190 

Nearshore Reefs, Brevard County, FL 3.52 2003-2004 20 

Nearshore Reefs, Brevard County, FL 1.25 2005 9 
 
Data from L.M. Ehrhart, D.A. Bagley, W.E. Redfoot, S.A. Kubis and S. Hirama (2001); ** Data from
L.M. Ehrhart, W.E. Redfoot and D.A. Bagley (1996). 

 

 

 

he most informative data from the netting effort is the assessment of size and condition of 

 

ound resting beneath a 0.15 m (6 in.) ledge, located approximately 0.6 m (2ft) from the 

shoreline in 0.2 m (8 in.) of water.  

 

T

turtles in this habitat.  While turtles were in apparent good condition, abrasions were found 

on the plastron of many and may be indicative of their behavior amongst the rocks in the 

nearshore environment.  Turtles were observed foraging and swimming in very shallow 

water (< 0.6 m or 2 ft) at low tide even on days when the surf was rough. Turtles were also

observed wedging themselves under small ledges. The first turtle captured in 2005 was 

f
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d did not 

nd/or 

vade predators (Herbst and Klein, 1995). Remarkably, this population is one of only two 

 

ty 

al., 1976; 

 

es 

ot 

ge samples from the Mid Reach, 

Trident Basin and Indian River County worm reefs for several items including Gelidium 

spp., Hypnea spp. and Gracilaria spp. Available food resources fluctuate seasonally and 

All of the turtles that were captured appeared to be healthy, free from parasites an

exhibit signs of fibropapillomatosis disease (FP). The disease normally manifests as tumors 

on the eyes and fleshy parts of the skin. It can impair the turtles’ abilities to forage a

e

locations on the east coast of Florida where green turtles have been found without FP.  

 

Juvenile green turtles using nearshore oceanic habitats predominantly forage on 

macroalgae (Redfoot, 1997; Holloway-Adkins, 2001; Ehrhart et al., 1996). The availabili

of macroalgae is dependent on hard substrates upon which it can attach and grow.   

 

Temperature, light, nutrients and grazing competition are other important factors that  

control the growth, diversity and production of marine macroalgae. The photosynthetic 

pigments in red algae allow it to grow in deeper depths and more light limited areas than 

green or brown algae. Preliminary studies along the Mid Reach and nearby Indian River 

County worm reefs indicate red algae are the most abundant and diverse (Juett et 

Holloway-Adkins, 2001; Ehrhart et al., 1996). Foraging studies conducted at the Trident 

Basin in Cape Canaveral and the worm reefs in Indian River County indicate green turtles

ingest red algae more frequently and in larger quantities than other available food resourc

(Figure 15). Jellyfish dominated only two of the lavage Mid Reach turtle samples but were 

in a large enough quantity to skew the overall combined sample results.  Jellyfish did n

represent an item frequently ingested within the rest of the samples. There was a 

commonality present in the ingested contents of the lava
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annually. After Hurricane Frances and Jeanne in 2004, the rocks in the mean low tide zone 

were scoured bare. However, turtles were observed on visual transects conducted two 

months post- hurricanes (November and December 2004) and it could be assumed they 

were foraging in deeper waters on what was available.  
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ertebrate grazers were found in this study area 

nyder, D. pers comm. and pers. observ.).  Sea urchins frequently out-compete other 

ay 

llow 

s 

rine 

Figure 15. A comparison of items frequently ingested by juvenile green turtles at the Trident Basin in Cape 
Canaveral, Florida, the Worm Reefs in Indian River County, Florida and along the Mid Reach in Brevard 
County, Florida.  

Interestingly, few herbivorous fish and inv

(S

grazers on the reef and can keep an area void of macroalgae.   The absence of urchins m

be due to an inability to attach to the reef in high-energy wave conditions of these sha

waters (Witherington, B.E. pers. comm.). 

 

The recovery criteria for the U.S. population of loggerheads and green turtles include

determining the distribution and seasonal movements for all life stages in the marine 

environment (NMFS, 1991b; NMFS, 1991a). This project provides a baseline of the ma
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y removing potential food 

ems and altering the benthic habitat (USACE, 1996).  Future beach nourishment may 

pact this and other nearshore habitats. It is important to monitor nearshore areas for 

environmental changes that alter the fish, invertebrate and macroalgae composition, which 

in turn may affect green turtle and loggerhead populations. 

 

 

turtles utilizing the nearshore reefs in central Brevard County as developmental habitat.

Burial of nearshore hardbottom, as can occur in association with beach nourishment 

operations, could potentially reduce food availability both b

it

im
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Table A-1. Results of the transect surveys for 2005 extending along the entire Mid Reach.  The gray rows highlight the dates that 
were not used in the summary statistics due to condition code (poor).  

  
           R118-109 108-105 104-99 98-93 92-83 82-75.4 75.4-68

DATE C. caretta C. mydas Condition        S-1 S-2 S-3 S-4 S-5 S-6
S. 

PAFB 
22-Apr-05 0          3 Fair 0 0 1 0 0 2 n/a
12-May-05 0 0 Poor 0 0 0 0 0 0 n/a 
23-May-05 0 0 Poor 0 0 0 0 0 0 n/a 
24-May-05 0          2 Good 0 1 0 1 0 0 n/a
30-May-05 0          6 Good 0 0 1 1 2 2 n/a
16-Jun-05 0          0 Good 0 0 0 0 0 0 n/a
19-Jun-05 0          14 Good 0 0 2 3 6 3 0
7-Jul-05 0          9 Good 0 0 1 3 0 5 0

17-Jul-05 0          6 Fair 0 0 2 1 2 0 1
24-Jul-05 0          14 Good 0 1 4 3 3 1 2

6-Aug-05 1          10 Good 0 1 4 1 3 1 1

TOTAL            1 64 0 3 15 13 16 14 4
MEAN       0 0.33 1.67 1.44 1.78 1.56 1.00 

#/Segment Length (km)       0.00 2.73 7.65 7.26 5.61 6.97 2.09 
Mn # /Segment Length 
(km)       0.00 0.30 0.85 0.81 0.62 0.77 0.52 
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Table A-2. Results of the transect surveys for 2004 extending along the Mid Reach.  The gray rows highlight the dates that were not 
used in the summary statistics due to condition code (poor).  The gray columns highlight Corps Segments in 2004 that were not 
surveyed. 

 
    R118-109 108-105 104-99    98-93 92-83 82-75.4

DATE C. caretta C. mydas Condition S-1 S-2 S-3    S-4 S-5 S-6

22-Jun-03   8 Fair n/a n/a n/a    1 3 3
13-Jul-04   6 Fair n/a n/a n/a    0 3 1
24-Aug-03   9 Good n/a n/a n/a    0 6 2
1-Jan-04   4 Fair n/a n/a n/a    0 2 1

25-Jan-04   9 Good n/a n/a n/a    0 0 9
10-Apr-04   20 Good n/a n/a n/a    0 9 11
29-May-04   1 Fair n/a n/a n/a    0 0 1
31-May-04   7 Fair n/a n/a n/a    0 5 2
6-Jun-04   8 Fair n/a n/a n/a    2 5 1
20-Jun-04   2 Fair n/a n/a n/a    1 1 0
26-Jun-04   4 Fair n/a n/a n/a    1 1 0
2-Jul-04   3 Fair n/a n/a n/a    3 0 0

10-Jul-04   8 Fair n/a n/a n/a    3 4 1
21-Aug-04   2 Poor n/a n/a n/a 1 0 1 
21-Nov-04   2 Poor n/a n/a n/a 1 1 0 
8-Dec-04   0 Good n/a n/a n/a    0 0 0

8-Dec-04   6 Good n/a n/a n/a    1 2 3

TOTAL     0 98 n/a n/a n/a    12 41 35
MEAN       n/a n/a n/a    0.8 2.73 2.33

# / Segment Length (km)      6.70 14.39 17.41

Mn /Segment Length            0.45 0.96 1.16 
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Table B-1.  Catch per unit effort in km-hrs for net-captured marine turtles along nearshore rock resources 
in Brevard County, Florida, from April 2005 to July 2005. 

 

 Soak 
Net 

km/hr Loggerhead 
Green 
Turtle Loggerhead 

Green 
Turtle Total R- 

Date Hours Effort Captures Captures CPUE CPUE CPUE Monument 

22-Apr-05 1.27 0.23 0 0 0.00 0.00 0.00 96 
22-Apr-05 0.90 0.16 0 0 0.00 0.00 0.00 81 
24-May-05 0.58 0.11 0 0 0.00 0.00 0.00 95 
24-May-05 1.35 0.24 0 0 0.00 0.00 0.00 95 
24-May-05 0.77 0.14 0 0 0.00 0.00 0.00 95 
29-May-05 0.85 0.15 0 0 0.00 0.00 0.00 105 
29-May-05 1.02 0.18 0 0 0.00 0.00 0.00 83 
30-May-05 0.57 0.10 0 0 0.00 0.00 0.00 95 
30-May-05 1.30 0.23 0 0 0.00 0.00 0.00 83 
16-Jun-05 0.90 0.16 0 0 0.00 0.00 0.00 96 
16-Jun-05 1.17 0.21 0 1 0.00 4.76 4.76 77 
18-Jun-05 1.32 0.24 0 0 0.00 0.00 0.00 96 
18-Jun-05 0.50 0.09 0 1 0.00 11.11 11.11 96 
19-Jun-05 2.67 0.48 0 1 0.00 2.08 2.08 95 
19-Jun-05 1.35 0.24 0 0 0.00 0.00 0.00 77 
1-Jul-05 1.77 0.32 0 1 0.00 3.14 3.14 95 
1-Jul-05 2.70 0.49 0 3 0.00 6.17 6.17 95 
3-Jul-05 0.95 0.17 0 0 0.00 0.00 0.00 96 
3-Jul-05 0.90 0.16 0 0 0.00 0.00 0.00 95 
5-Jul-05 1.10 0.20 0 0 0.00 0.00 0.00 85 
5-Jul-05 2.33 0.42 0 0 0.00 0.00 0.00 95 
6-Jul-05 3.18 0.57 0 1 0.00 1.75 1.75 95 
6-Jul-05 1.42 0.26 0 0 0.00 0.00 0.00 97 
7-Jul-05 1.15 0.21 0 1 0.00 4.83 4.83 95 
7-Jul-05 1.23 0.22 0 0 0.00 0.00 0.00 77 

17-Jul-05 0.62 0.11 0 0 0.00 0.00 0.00 105 

24-Jul-05 2.95 0.53 0 0 0.00 0.00 0.00 96 

14 days 36.81 6.62 0 9 0.00 1.25 1.25   
          

NOTE: these calculations do not include a hand-captured green  turtle May 12 and a fisherman  
green captured  turtle May 30, 2005.    
         
          

 Total Total Loggerhead Green Loggerhead Green Total   

2005 
Net 

Hours Km-hrs Captures Captures CPUE CPUE CPUE   
 36.81 6.62 0 9 0 1.25 1.25   
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Table B-2.  Catch per unit effort in km-hrs for net-captured marine turtles along nearshore rock resources in 
Brevard County, Florida, from August 2003 to December 2004. 

 
    NET KM HRS Loggerhead Green Loggerhead Green Total R- 
  Date Hours EFFORT Captures Captures CPUE CPUE CPUE Monuments 

  24-Aug-03 2.22 0.40 0 0 0.00 0.00 0.00 86 
  24-Aug-03 0.52 0.09 0 0 0.00 0.00 0.00 80 
  16-Jan-04 0.92 0.17 0 0 0.00 0.00 0.00 91 
  25-Jan-04 1.62 0.29 0 0 0.00 0.00 0.00 77 
  10-Apr-04 0.98 0.18 0 0 0.00 0.00 0.00 80 
  10-Apr-04 0.45 0.08 0 0 0.00 0.00 0.00 81 
  29-May-04 1.00 0.18 0 0 0.00 0.00 0.00 87 
  29-May-04 0.87 0.16 0 0 0.00 0.00 0.00 87 
  31-May-04 1.18 0.21 0 0 0.00 0.00 0.00 80 
  31-May-04 1.13 0.20 0 0 0.00 0.00 0.00 79 
  20-Jun-04 0.90 0.16 0 1 0.00 6.17 6.17 85 
  2-Jul-04 1.35 0.24 0 1 0.00 4.12 4.12 94 
  10-Jul-04 1.80 0.32 0 1 0.00 3.09 3.09 90 
  16-Jul-04 0.78 0.14 0 1 0.00 7.09 7.09 85 
  16-Jul-04 0.37 0.07 0 0 0.00 0.00 0.00 85 
  16-Jul-04 1.47 0.26 0 7 0.00 26.52 26.52 85 
  25-Jul-04 1.08 0.20 0 0 0.00 0.00 0.00 98 
  25-Jul-04 2.05 0.37 0 3 0.00 8.13 8.13 96 
  25-Jul-04 0.65 0.12 0 2 0.00 17.09 17.09 85 
  18-Aug-04 1.00 0.18 0 0 0.00 0.00 0.00 85 
  18-Aug-04 1.05 0.19 0 3 0.00 15.87 15.87 96 
  18-Aug-04 0.40 0.07 0 0 0.00 0.00 0.00 96 
  21-Aug-04 0.78 0.14 0 1 0.00 7.09 7.09 94 
  21-Aug-04 0.70 0.13 0 0 0.00 0.00 0.00 90 
  21-Aug-04 0.55 0.10 0 0 0.00 0.00 0.00 84 
  21-Nov-04 0.75 0.14 0 0 0.00 0.00 0.00 83 

  8-Dec-04 1.72 0.31 0 0 0.00 0.00 0.00 77 

  15 days 28.29 5.09 0 20 0.00 3.52 3.52   
            
  NOTE: does not include dip-netted turtle on June 6, 2004       
            

   Total Total  Loggerhead Green Loggerhead Green Total   

  2004 
Net 

Hours Effort  Captures Captures CPUE CPUE CPUE   
   28.29 5.09 0 20 0 3.52 3.52   
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Table C. Shoreline observations of marine turtles were conducted on August 23, 2005. Observation periods were 15 minutes long at 
each location.  
 

 OBSERVETIME
R-monument Location Segment Start Time End Time Turtle seen Duration Observations Conditions 

107.7 Coral Way crossover 2 1151 1206 1203 15 small cm 1.5 to 2 minutes breathing, 50-75' from shore east wind 
                  

109.2 Stairs S of Holiday Inn 1 1217 1231 1217 15 very small cm @ surface 30' to 50' from shore east wind 
          1222     shorebreak 
          1225   OBSERVED 3 Different turtles   
          1225   Seen at surface at same time   
          1226       
          1230       
                  
                  

111.35 Paradise Beach 1 1241 1256 n/a 15     
  Southernmost stairs               
                  

112.3 across from condo  1 1303 1422 n/a 19     
  south of SeaView condo               
                  

114.0 Across from SeaSide  1 1510 1525 n/a 15     
  community               
                  

115.5 Stairs S of Quality Suites 1 1533 1548 n/a 15     
                  

117.35 Stairs S of Dune Condo 1 1555 1610 n/a 15     
                  

118.80 Stairs N of Blueberry  1 1615 1630 n/a       
  Muffin               
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NURSE SHARK

Table D. Captures of non-target species collected in the tangle nets set along the Mid Reach in 2004 and 2005. 

DATE BULL SHARK SPINNER SHARK EAGLE RAY COWNOSE RAY BONNETHEAD Remora R-monument
08/24/03     166.0 cm         86 
05/31/04       44.0 cm F       80 
06/20/04           90.0 cm M   85 
07/02/04       60.0 cm        94 
07/02/04       66.0 cm       94 
07/10/04       75.0 cm   78.8 cm   90 
07/10/04       not measured       90 
07/10/04       not measured       90 
07/16/04         not measured     85 
07/16/04     F - not measured        85 
07/16/04     170.0 M         85 
07/25/04       77.6 cm       96 
07/25/04       not measured       96 

04/22/05 145 cm             81 
05/29/05       70.0 cm * F       83 
06/16/05     134.0 cm M         77 
06/16/05     172.0 cm F         77 
06/18/05         70.5 cm M     96 
06/18/05       *  102.1 cm F   96 

06/19/05       55.3 cm M       95 
06/19/05       65.4 cm F       77 
07/01/05         *   on turtle 95 
07/03/05         63.0 cm    20.0 cm 96 
07/05/05       64.0 cm F       85 
07/05/05   128.0 cm F          95 

07/06/05           52.0 cm F   97 
         

tbo = to be obatined from last year's report  BULL SHARK  Carcharinus leucas   

Shark measurements are total straight length (snout to tip) measured. SPINNER SHARK C. brevipinna   

Ray measurements are wing-tip to wing-tip.  NURSE SHARK Ginglymostoma cirratum 
* indicates estimate (animal not completely landed)  EAGLE RAY  Aetobatus narinari   

M = male, F= female   COWNOSE RAY Rhinoptera bonasus  

All measurements were taken using forestry calipers BONNETHEAD  Sphyrna tiburo   
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Table E-1. Sea turtles captured during study period April 2005 through July 2005 along nearshore reefs in Brevard County, Florida 

Date Type Left Tag Right Tag PIT Tag RECAP? SCL NNSL SCW Body Head Weight CCL NNCL CCW plastron

12-May-05     CM RRR038 no 4526044D21 NO 28.1 27.8 22.5 10.3 5.1 2.8 29.6 28.9 24.5 23.7 

30-May-05            CM RRR039 RRR040 4526553C1F NO 38.9 38.3 31.0 13.9 5.9 7.3 40.8 40.0 34.5 32.6

16-Jun-05            CM RRR041 RRR042 452678547B NO 36.0 35.9 28.4 13.2 6.4 6.0 38.2 38.0 32.2 29.9

18-Jun-05           CM RRR043 no 4523555A73 NO 27.2 26.7 20.8 11.1 5.2 2.8 28.9 28.5 23.7 22.7

19-Jun-05            CM RRR044 no 4529456908 NO 27.4 27.2 22.0 11.0 5.1 2.6 28.4 28.1 24.3 24.1

1-Jul-05          CM RRR045 RRR046 44514B7667 NO 37.9 37.7 29.8 15.5 6.7 7.9 40.4 40.2 34.2 32.6

1-Jul-05           CM RRR047 RRR048 44395A5C4E NO 31.8 31.4 25.7 12.7 5.7 4.8 34.1 33.9 29.5 26.8

1-Jul-05          CM RRR050 RRR051 4451405640 NO 34.5 34.3 27.4 14.1 5.9 6.4 36.7 36.5 31.1 29.7

1-Jul-05           CM RRR052 RRR053 445301290D NO 39.8 39.5 31.0 16.7 6.4 9.7 43.0 42.7 36.1 34.5

6-Jul-05          CM RRR054 RRR055 452A127468 NO 32.9 32.3 26.0 12.6 5.7 4.8 34.5 32.0 30.0 28.0

7-Jul-05           CM RRR056 no 4527591465 NO 27.9 27.5 21.9 9.6 4.8 2.6 29.6 29.0 23.5 23.5

                
                

  
SCL = straight carapace length CCL = curved carapace length 
NNSL = notch to nuchal carapace length (straight) NNCL = notch to nuchal carapace length (curved tape) 
SCW = straight carapace width plastron = plastron (curved tape) 
Body = body depth (straight caliper) to tip  = length of tail from edge of carapace to tip (curved tape) 
Head = head width (straight caliper) to vent = length to vent from edge of carapace (curved tape) 
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Table E-2. Sea turtles captured during study period August 24, 2003 through August 21, 2004 along nearshore reefs in Brevard County, Florida. * 

Date Type Left Tag 

 

Right Tag 

 

PIT Tag RECAP?

 

SCL NNSL SCW Body Head Weight 

 

CCL NNCL CCW plastron

 6-Jun-04 CM no RRR002 444F18104A NO 33.7 33.6 27.0 13.3 5.9 5.6 35.4 35.3 31.8 29.2

20-Jun-04 CM RRR003 RRR004 4438782C5E NO 33.3 33.3         26.5 12.4 5.9 4.7 34.9 34.7 30.3 28.9

2-Jul-04             CM RRR005 RRR006 444F3F2671 NO 38.2 38.0 30.8 14.7 6.9 7.8 40.5 40.1 34.7 32.7

10-Jul-04 CM RRR007 RRR008 44391F290A           NO 44.1 44.0 34.3 17.5 7.4 13.5 46.8 46.7 40.3 38.1

16-Jul-04 CM RRR009 RRR010 44532D2F6F NO          35.5 35.3 28.2 13.3 6.4 5.55 37.5 37.4 32.6 29.8

16-Jul-04 CM RRR011 RRR012 44532F311E NO          39.8 39.6 30.5 15.3 6.8 8.4 42.2 41.9 36.7 34.2

16-Jul-04 CM RRR013 RRR014 4439206D3A           NO 36.7 36.5 28.6 14.3 6.5 6.7 38.8 38.6 33.8 31.9

16-Jul-04 CM RRR015 RRR016 45276B6D18           NO 56.1 56.0 46.0 21.3 9 23.13 59.9 59.4 55.4 47.4

16-Jul-04 CM RRR017 RRR018 45297E3D4A           NO 35.4 35.3 34.0 16.6 7.2 10.1 43.1 42.7 40.2 35.2

16-Jul-04 CM RRR019 RRR020 4526144E5A NO          41.6 41.1 31.8 15.4 6.9 9.07 44.6 43.5 37.1 33.5

16-Jul-04 CM RRR021 RRR022 45256C3D17           NO 32.2 32.2 25.0 12.2 5.9 5.3 33.9 33.9 28.2 27.3

16-Jul-04 CM RRR023 no 45240A4136           NO 27.6 27.3 22.1 10.4 5 2.5 28.8 28.3 24.8 22.7

24-Jul-04 CM RRR029 RRR030 4526556921           NO 38.9 38.8 29.7 14.6 6.5 3 41.4 41.2 34.6 32.7

24-Jul-04 CM RRR032 RRR031 452676581B NO          28.1 27.6 21.9 10.4 5.4 2.8 29.6 29.1 24.7 23.6

24-Jul-04 CM RRR027 RRR028 45266F5917 NO          37.9 37.5 28.7 14.5 6.5 7.3 40 39.6 34.7 31.7

24-Jul-04 CM RRR025 no            4525707105 NO 27.2 26.8 22.6 10.4 5.4 2.5 28.3 27.8 24.7 22.7

24-Jul-04 CM RRR024 RRR026 444F18316A           NO 41.9 41.4 32.0 15.9 7 9.9 43.5 43.3 36.8 36.3

18-Aug-04 CM RRR034 no 4526453A5D           NO 28.5 28.0 22.9 10.6 5.2 2.9 29.6 29.3 25.1 24.7

18-Aug-04 CM RRR035 no            4523731D7B NO 26.4 25.9 21.4 9.8 4.8 2.3 27.5 27.2 23.7 23.6

18-Aug-04 CM RRR033 no 452A486C6D NO 29.6 28.7 24.0 11 5.1 2.95 30.7 30 26.6 24.6 

21-Aug-04 CM RRR036 RRR037 4436407E60 NO 64.6 64.4        52.9 23.4 9.5  - 68.6 68.5 63.4 54.5
                

SCL = straight carapace length      
 
   

  
  

 CCL = curved carapace length  
NNSL = notch to nuchal carapace length (straight) 

 
 NNCL = notch to nuchal carapace length (curved tape) 

  
 

SCW = straight carapace width  plastron = plastron (curved tape) 
Body = body depth (straight caliper)  to tip  = length of tail from edge of carapace to tip (curved tape) 
Head = head width (straight caliper)  to vent = length to vent from edge of carapace (curved tape)  



Table F.  Items from lavage samples collected from marine turtles captured along the Mid Reach in 
2004 and 2005. 

 
Item Ingested RRR002 RRR003 RRR005 RRR007 RRR009 RRR011 RRR013 RRR015 

Bryocladia cuspidata   1.86% 64.34% 12.39% 3.88%   12.1% 32.5% 
Gelidium spp. 37.5% 2.52% 8.96%   31.90% 17.65% 12.8% 15.9% 
Gelidium americanum       17.95%         
Gelidium pussillum                 
Ceramium sp.         1.72%       
Centroceras clavulatum         0.43%   4.3% 3.1% 
Gracilaria spp.                 
G. mammillaris     13.26% 39.74%     16.8%   
Hypnea spp.       14.53%   5.88% 18.6% 18.3% 
Hypnea valentiae                 
Chondria spp.     10.04%   15.95%   0.5% 3.5% 
Chondria dasyphylla                 
Agardhiella subulata               11.1% 
Dudresyna crassa                  
Laurencia spp.       0.43%         
Jania adhaerens                 
Chondrocanthus acicularis                 
Chaetomorpha spp.     1.97% 3.42% 0.43%   0.3% 2.1% 
Chaetomorpha linum                 
Cladaphora spp.         0.86%     0.7% 
Ulva spp.     0.72% 0.85%     33.9%   
Ulva lactuca         2.16%       
Caulerpa prolifera         34.48%     5.9% 
Padina spp.       2.56%         
Seed     0.18% 1.28%         
Bark-like   0.27%   0.43%   5.88%   3.8% 
Mush (decomposed matter)         1.29%       
Hydroid                 
Bugula             0.5%   
Tube worm                 
Shrimp-like                 
Caprellid    0.40%             
Jellyfish   92.96%             
Star jellies                 
Barnacle 37.5% 0.93%       5.88%     
Snail with body       2.99% 2.16% 2.94%     
Gelatinous mass                 
Fish scales           50.00%     
Insect         0.86%       
Tubeworm casing    0.40%             
Rock                 
Shell 12.5% 0.66%   1.28% 2.59% 11.76% 0.3% 2.4% 
Sand 12.5%     2.14% 1.29%     0.7% 

Unknown plant (orange)     0.54%           

TOTAL 100.0% 100.00% 100.00% 100.00% 100.00% 100.00% 100.0% 100.0% 
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Item Ingested RRR017 RRR019 RRR021 RRR023 RRR029 RRR032 RRR027 RRR025 

Bryocladia cuspidata 20.4% 10.3% 11.0%   6.9% 12.6% 1.4% 8.3% 
Gelidium spp. 14.6% 7.6% 46.2% 65.2%         
Gelidium americanum         6.9% 26.1%     
Gelidium pussillum         4.8% 4.5%     
Ceramium sp.                8.3% 
Centroceras clavulatum 0.7%               
Gracilaria spp.             95.6% 41.7% 
G. mammillaris 12.6% 21.4% 9.9% 4.3% 2.8%       
Hypnea spp. 8.5% 13.8%       7.2%     
Hypnea valentiae         58.7%       
Chondria spp. 28.6% 36.2%       19.8%     
Chondria dasyphylla                 
Agardhiella subulata 0.0%       5.6%       
Dudresyna crassa                 
Laurencia spp.         1.7%       
Jania adhaerens         1.3% 1.8%     
Chondrocanthus acicularis                 
Chaetomorpha spp. 1.7% 0.4%         0.2%   
Chaetomorpha linum                 
Cladaphora spp.   0.9%             
Ulva spp.         4.3%       
Ulva lactuca                 
Caulerpa prolifera 0.7% 0.4% 2.2%   1.5% 16.2%     
Padina spp.     2.2%   0.6%       
Seed                 
Bark-like 1.4%   2.2%           
Mush (decomposed matter) 2.7%   16.5% 8.7%         
Hydroid                 
Bugula 0.3% 0.4%             
Tube worm                 
Shrimp-like 0.3% 0.4%             
Caprellid                  
Jellyfish                 
Star jellies 1.4% 0.9%             
Barnacle     4.4%     3.6%     
Snail with body 0.7% 0.9%   8.7% 0.6%   0.2%   
Gelatinous mass                 
Fish scales               25.0% 
Insect     3.3%           
Tubeworm casing                  
Rock               8.3% 
Shell 4.4% 6.3% 2.2% 13.0% 4.1% 8.1% 2.7% 8.3% 
Sand 1.0%               

Unknown plant (orange)                 

TOTAL 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
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Item Ingested RRR024 RRR034 RRR035 RRR033 RRR036 RRR038 RRR039 RRR041 

Bryocladia cuspidata 16.4% 3.8% 6.3% 29.3%   1.1% 4.8% 23.5% 
Gelidium spp. 47.9%       1.1% 9.1% 22.8% 14.8% 
Gelidium americanum   70.5% 15.2% 17.1%         
Gelidium pussillum   10.3% 66.1% 8.5%         
Ceramium sp.      1.3%           
Centroceras clavulatum                 
Gracilaria spp.                 
G. mammillaris       17.1%     41.1%   
Hypnea spp.   4.3%   15.9% 6.0%       
Hypnea valentiae                 
Chondria spp.     5.6%           
Chondria dasyphylla             8.7%   
Agardhiella subulata           34.2%     
Dudresyna crassa            35.8%     
Laurencia spp.         1.7% 4.4% 8.1%   
Jania adhaerens 4.1%               
Chondrocanthus acicularis 19.2%               
Chaetomorpha spp. 1.4% 0.4% 0.3%       0.3%   
Chaetomorpha linum                 
Cladaphora spp.       4.9%         
Ulva spp.     0.3%           
Ulva lactuca               28.2% 
Caulerpa prolifera 1.4%       83.2%       
Padina spp.                 
Seed                 
Bark-like   3.0% 1.3% 3.7%         
Mush (decomposed matter)                 
Hydroid                 
Bugula                 
Tube worm             1.2%   
Shrimp-like           0.2% 2.4%   
Caprellid                  
Jellyfish                 
Star jellies             4.2%   
Barnacle   1.3%             
Snail with body 1.4%   0.3%         1.3% 
Gelatinous mass               6.0% 
Fish scales                 
Insect                 
Tubeworm casing                0.7% 
Rock         0.9% 0.9%   2.7% 
Shell 8.2% 6.4% 3.3% 3.7% 7.1% 13.5% 4.8% 8.7% 
Sand     0.3%     0.9% 0.6% 10.7% 

Unknown plant (orange)             0.9% 3.4% 

TOTAL 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
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Item Ingested RRR043 RRR044 RRR046 RRR047 RRR050 RRR052 RRR054 RRR056 

Bryocladia cuspidata 1.7% 1.5%     0.2% 2.1% 1.2%   
Gelidium spp. 25.4% 47.8%   56.7% 5.0% 7.2% 97.5% 1.3% 
Gelidium americanum                 
Gelidium pussillum                 
Ceramium sp.                5.3% 
Centroceras clavulatum                 
Gracilaria spp. 10.4% 14.9% 12.2%   17.0% 33.7% 0.3%   
G. mammillaris           10.2%   24.0% 
Hypnea spp. 5.2%               
Hypnea valentiae                 
Chondria spp. 15.6% 11.9%           4.0% 
Chondria dasyphylla                 
Agardhiella subulata   6.0%       15.1%   65.3% 
Dudresyna crassa        30.0%         
Laurencia spp.                 
Jania adhaerens           1.5%     
Chondrocanthus acicularis                 
Chaetomorpha spp.   1.5%     0.2%   0.2%   
Chaetomorpha linum                 
Cladaphora spp.           0.3%     
Ulva spp.   4.5% 79.3%           
Ulva lactuca 34.1%         22.6%     
Caulerpa prolifera                 
Padina spp.                 
Seed                 
Bark-like       6.7%         
Mush (decomposed matter)                 
Hydroid                 
Bugula                 
Tube worm 1.2%               
Shrimp-like 1.2%         0.3% 0.2%   
Caprellid                  
Jellyfish         77.1%       
Star jellies 5.2%   2.4%   0.2% 3.9%     
Barnacle                 
Snail with body           0.3%     
Gelatinous mass             0.2%   
Fish scales                 
Insect                 
Tubeworm casing              0.5%   
Rock           0.3%     
Shell   6.0% 2.4% 6.7% 0.5% 2.4%     
Sand   6.0%             

Unknown plant (orange)     3.7%           

TOTAL 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
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Table G. Acoustic tracking surveys performed in 2005 along the Mid Reach for five green turtles 
fitted with sonic tags.   Dates and number of hours spent monitoring for each turtle are listed.  

 

Tracking Start   
Time 
(Hrs)   Van Sharky  Boomer  Hawk  Sally 

Date  Time Activity Monitored Detected RRR038 RRR041 RRR045 RRR052 
 

RRR054 
5/13/2005 1150 release 1   1         
5/17/2005 1000   1   1         

5/20/2005 1700 
eqpmt 
failed 1   1         

5/23/2005 1500   1   1         
5/24/2005 1500   2   2         
5/25/2005 700   1   1         
5/26/2005 1000   1   1         
5/28/2005 1100   1   1         
5/29/2005 1400   1   1         
5/30/2005 1400   1   1         
6/8/2005 700 test  1   1         
6/16/2005 1300   1   1         
6/17/2005 1330 release 1 Sharky   1       
6/18/2005 900   3 Sharky 1 2       
6/19/2005 1145 video 4 Sharky 2 2       
6/20/2005 1930   1 Sharky   1       
6/23/2005 930   1 Sharky   1       
7/1/2005 915   2   1 1       
7/2/2005 845 release  4 Boomer 1 1 1 1   
7/3/2005 1115   5 Sharky 1 2 1 1   
7/5/2005 1230   4   1 1 1 1   
7/6/2005 1020 release  4   1   1 1 1 
7/7/2005 1100   5   1 1 1 1 1 
7/16/2005 900   4   1   1 1 1 
7/17/2005 1400   2   0.5   0.5 0.5 0.5 
7/24/2005 1100   6   3   1 1 1 
8/6/2005 1000   5   1 1 1 1 1 
8/20/2005 1100   5   1 1 1 1 1 

Total 
hours     69   28.5 15 9.5 9.5 6.5 

Total # 
days 28       25 12 10 10 7 
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INTRODUCTION 
 
 Nearshore rock features along the central Brevard County coastline are 
coquina outcrops, formed from lithified shell fragments, quartz sand, and calcium 
carbonate.  The outcrops parallel the shoreline, extending from Patrick Air Force Base 
(AFB) south through Indian Harbor Beach, and provide diverse habitat for shallow water 
marine flora and fauna (Continental Shelf Associates, Inc., 1990).  These coquina 
outcrops extend from the intertidal to subtidal zones and range from wide expanses of 
tabular ledges with up to 2 to 3 ft of relief at the southern end of Patrick AFB to small 
isolated rocks in northern Indialantic.  In the higher relief areas, the ledges are tipped up 
toward the beach, exhibiting exposed vertical faces and overhangs along the shoreward 
edges. 
 
 The rock outcrops are colonized by various species of algae, the sabellariid 
reef-building polychaete Phragmatopoma caudata (= P. lapidosa), sponges, mollusks, 
crustaceans, bryozoans, and ascidians (Gore et al., 1978; Zale and Merrifield, 1989).  
Relatively high densities of the green alga Caulerpa prolifera and varying densities of 
unidentified green filamentous algae have been observed along the crests of these 
outcrops (Continental Shelf Associates, Inc., 1990).  The sabellariid polychaete 
P. caudata is found throughout this area, building scattered mounds on nearshore rock 
outcrops south to Key Biscayne (Kirtley, 1966; Kirtley and Tanner, 1968; Young, 1975; 
McCarthy, 2001).  The wormreef colonies are typically found in both the low intertidal 
and subtidal zones and are somewhat ephemeral, being negatively impacted by both 
storm waves and burial by sediments.  The crabs Menippe nodifrons and Pachygraspus 
transversus have been noted as having some abundance in wormreef areas north of 
Melbourne, along with limited occurrence of Plagusia depressa (Young, 1975).  Van 
Montfrans (1981) collected eight decapod species on wormreef mounds in the intertidal 
zone and subtidally off Patrick AFB in Satellite Beach. 
 
 The objectives of this study were to further characterize this specific habitat 
throughout the Mid Reach area and provide additional information for the Supplemental 
Environmental Impact Statement.  This information will then be used to determine 
potential impacts to the existing hard bottom communities from various beach 
nourishment alternatives. 
 
 

METHODS 
 
 The Brevard County coastline is a relatively high-energy area, exposed to both 
winter and tropical storms (Tanner, 1960).  The almost constant wave and ocean swell 
impacts create a nearshore environment with nearly year-round suspended sediments and 
high turbidity.  This combination of rough water and low underwater visibility creates 
problems in the visual assessment of benthic communities associated with hard bottom. 
 
 Continental Shelf Associates, Inc. (CSA) scientific staff were tasked with 
surveying and characterizing the epibiotic assemblages associated with the nearshore 
hard bottom in the Mid Reach Project Area along the Brevard County coastline.  As 
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previously described, the nearshore area is exposed to nearly continuous wave and/or 
ocean swell activity with resulting turbidity, yielding less than optimal sampling 
conditions.  Because of these conditions, attempts were made to limit data collection to 
periods of low tidal levels on days with minimal winds and nearly flat sea states.  Even 
on the few days of optimal conditions, there was still nearshore wave activity and 
associated surge, causing sediment suspension and less than ideal conditions for video 
data collection and in situ observations.  Selected nearshore outcrops were surveyed from 
the vicinity of Florida Department of Environmental Protection (FDEP) Monument R 78 
at Seagull Park, just south of Patrick AFB, to near Monument R 117, near the southern 
end of the Mid Reach (Figure 1). 
 
 Field teams collected digital video data from transects along and across the 
rock outcrops using a Sony DCR-TRV900 digital videocamera within an Amphibico 
aluminum underwater housing.  Video was utilized for data collection because of the 
great difficulty associated with collecting in situ data such as quadrat counts and 
measurements in this high energy environment.  The videocamera can collect continuous 
data segments under fairly extreme conditions, with the camera being held closer to the 
substrate if turbid water conditions are encountered.  The data may then be used to 
determine relative abundance of species or taxonomic groups.  By using a random point 
analysis technique, percent biotal cover determinations can be made and data compared 
between areas. 
 
 Transects were established on the rock outcrops and extended generally 
parallel to the shoreline, with individual video segments taken at random distances along 
and east or west of the transect centerlines.  The transect layouts and distances between 
video segments became more haphazard than random as wave heights increased and 
visibility decreased.  Video data were collected on outcrops exposed to the air at low tide 
as well as on hard bottom below the water level.  The videocamera was held a fixed 
distance of 35 cm above the rock surface, with converging lasers used to maintain the 
distance.  In areas of turbid water, the camera-to-rock distance was decreased to 
approximately 20 cm to allow the collection of acceptable images.  Video segments were 
obtained while holding the camera as motionless as possible at each randomly selected 
location.  Specimens of algae from several of the surveyed sites were collected and 
preserved for subsequent identification. 
 
 Sampling location coordinates within the survey area were recorded with a 
hand-held Garmin differential global positioning system (DGPS) receiver.  For rock 
outcrops extending less than approximately 100 ft along the shoreline, a single set of 
coordinates was taken at the estimated center of the rock feature.  For larger hard bottom 
features, coordinates were taken at both the northern and southern extents of sampling 
locations. 
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 The digital video data were reviewed at the office following field data 
collection to determine the suitability of video frames for analyses.  Video segments from 
each data collection location or point were reviewed, with the acceptable video frames 
from each location saved as jpeg files for subsequent random point analysis.  The 
selected video images were analyzed using Point Count software, in which random points 
are placed over each image, then each item (algal species, wormreef, substrate type) 
beneath a point is identified and counted.  The data were entered into a spreadsheet, and 
percent cover values for biota and substrate were calculated. 
 
 

RESULTS 
 
 Video data and observations were successfully collected on nearshore rock 
outcrops in the vicinity of Seagull Park, Pelican Park, Sunrise Avenue, Bicentennial Park, 
Paradise Park, and south of Paradise Park in the period from 2 July through 22 August 
2005 (Table 1).  Several survey attempts also were made at High Tower Park (R 82.5), 
Millenium Park (R 103.0), and Canova Beach (R 105.0), but turbid water conditions 
prevented collection of acceptable video data.  In most instances the video data were not 
clear enough to make species-level identifications for algae, aside from certain 
large-bladed or visually distinct species such as C. prolifera, Caulerpa racemosa, Ulva 
lactuca, Bryopsis plumosa, and Padina gymnospora.  Several other algal taxa were 
identifiable to genus-level, but due to the thin blades and small sizes of most of the algae 
and the somewhat turbid water and effects of wave action on camera steadiness, detailed 
identifications were problematic.  An average of 20 video images underwent percent 
cover analyses at each of the sampling sites.  In the specific site descriptions and 
characterizations, both the video data analyses and in situ observations and specimen 
collections were utilized. 
 
 A total of 22 species of algae, at least two sponge species, a gastropod 
mollusk, a crab, and unidentified hydroids and ascidians was identified within the project 
area rock habitat (Table 2).  Percent cover analyses from the 14 surveyed sites showed 
total green algal cover ranging from 0.0% to 30.4% (11.4% average), total red algal cover 
from 4.7% to 47.0% (22.2% average), and total algal cover from 16.3% to 54.5% (39.1% 
average) at individual locations (Table 3).  The two most abundant green algae species 
were C. prolifera and U. lactuca, which had percent cover values ranging from 0.0% to 
24.4% (5.9% average) and 0.0% to 12.5% (2.3% average), respectively.  Bryocladia 
cuspidata was the only abundant species of red algae that could be consistently identified 
from the video data set, and its percent cover at specific sites ranged from 0.0% to 41.6% 
(6.5% average).  At several of the sampling sites, however, turbid water may have 
resulted in this species being identified only to the level of unidentified red algae, causing 
an underestimation of its actual percent cover.  Wormreef (P. caudata) was observed at 
nine of the sampling locations and had percent cover values ranging from 0.0% to 27.2%, 
and 5.2% cover for all sites averaged.  The following site descriptions were compiled 
from field observations and video data analysis. 
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Table 1.  Hard bottom sampling locations within the Mid Reach Project Area. 

Monument Latitude Longitude Easting Northing Description 

R 77.85 28°12’22.8” 80°35’44.1” 786419.03 1407936.67 Seagull Park  
R 92.95 28°10’07.4” 80°35’14.3” 789131.64 1394271.24 Pelican Park  
R 95.30 28°09’46.7” 80°35’09.5” 789568.36 1392182.16 Sunrise Avenue subtidal  
R 95.90 28°09’40.9” 80°35’07.5” 789749.36 1391597.01 Sunrise Avenue intertidal  
R 98.40 28°09’18.8” 80°35’02.0” 790249.28 1389366.77 Bicentennial Park 

R 110.10 28°07’27.5” 80°34’33.0” 792884.28 1378135.32 Paradise Park 
R 113.10 28°07’01.4” 80°34’23.4” 793753.07 1375502.44 South of Paradise Park 
R 113.50 28°06’58.1” 80°34’22.9” 793799.01 1375169.33 South of Paradise Park 
R 113.80 28°06’55.6” 80°34’22.1” 793871.53 1374917.10 South of Paradise Park 
R 114.40 28°06’49.7” 80°34’20.2” 794043.75 1374321.84 South of Paradise Park 
R 114.50 28°06’48.7” 80°34’19.9” 794070.97 1374220.95 South of Paradise Park 
R 114.55 28°06’48.1” 80°34’19.8” 794080.14 1374160.38 South of Paradise Park 
R 114.70 28°06’46.5” 80°34’19.3” 794125.48 1373998.95 South of Paradise Park 
R 117.30 28°06’24.2” 80°34’11.9” 794796.07 1371749.18 South of Paradise Park 
R 117.45 28°06’22.7” 80°34’11.6” 794823.47 1371597.78 South of Paradise Park 

 

Table 2. Benthic taxa in phylogenetic order identified at hard bottom sites within the Mid 
Reach Project Area in July/August 2005. 

ALGAE PORIFERA 
Chlorophyta  Cliona sp. 

 Ulva lactuca  Unidentified sponge 
 Bryopsis plumosa  
 Caulerpa prolifera HYDROZOA 
 Caulerpa racemosa  Unidentified hydroid 
 Codium decorticatum  

Phaeophyta ANNELIDA 
 Dictyota pinnatifida  Phragmatopoma caudata 
 Padina gymnospora  

Rhodophyta MOLLUSCA 
 Scinaia complanata   Thais haemastoma floridana 
 Gelidiopsis planicaulis   
 Dudresnya crassa  ARTHROPODA 
 Halymenia floresia  Plagusia depressa 
 Gracilaria tikvahiae  
 Solieria filiformis ASCIDEACEA 
 Agardhiella subulata  Unidentified ascidians 
 Gelidium pusillum  
 Centroceras clavulatum  
 Bryocladia cuspidata  
 Chondria capillaris  
 Chondria dasyphylla curvilineata  
 Chondrocanthus acicularis   
 Laurencia intricata  
 Laurencia poiteaui  



Table 3.  Percent cover results from video data analyses for the 14 sites surveyed along the Mid Reach Project Area. 
 

Florida Department of Environmental Protection Monument 
Taxa 

R 77.85* R 92.95 R 95.30*/ 
R 95.90* R 98.40 R 110.10 R 113.10 R 113.50 R 113.80 R 114.40 R 114.50 R 114.55 R 114.70 R 117.30 R 117.45 

Project Area 
Average 

GREEN ALGAE (CHLOROPHYTA) 
Calcareous 
Green Algae 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Caulerpa 
prolifera 24.4 0.0 5.4 0.7 16.6 0.0 0.0 0.0 8.6 3.0 0.0 0.0 23.8 0.4 5.9 

Caulerpa 
racemosa 0.0 0.0 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Codium 
decorticatum 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Ulva lactuca 0.4 2.9 12.5 9.7 0.4 0.0 0.0 0.0 5.9 0.0 0.0 0.0 0.0 0.0 2.3 
Filamentous 
Green 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Unidentified 
Green 5.6 6.4 2.9 1.2 4.8 12.0 0.0 0.0 2.7 2.7 1.3 0.0 2.9 0.8 3.1 

TOTAL 
GREEN 
ALGAE 

30.4 9.6 21.8 11.5 21.9 12.0 0.0 0.0 17.3 5.7 1.3 0.0 26.7 1.1 11.4 

RED ALGAE (RHODOPHYTA) 
Agardhiella 
subulata 0.0 0.0 0.0 0.0 0.0 0.5 0.0 0.3 0.0 0.0 0.0 0.0 0.2 3.0 0.3 

Bryocladia 
cuspidata 0.0 0.0 0.0 0.0 0.0 0.0 41.6 36.8 0.2 0.0 2.3 0.0 3.2 6.4 6.5 

Filamentous 
Red 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Laurencia sp. 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Solieria 
filiformis 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.3 0.0 

Red Turf 
Algae 0.2 0.2 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Unidentified 
Red 13.1 11.8 9.7 4.5 8.8 34.5 2.1 10.0 21.2 17.1 5.7 38.7 2.1 36.1 15.4 

TOTAL RED 
ALGAE 13.3 12.0 10.1 4.7 8.8 35.0 43.7 47.0 21.6 17.1 8.0 38.7 5.5 45.8 22.2 



Table 3.  (Continued). 
 

Florida Department of Environmental Protection Monument 
Taxa 

R 77.85* R 92.95 R 95.30*/ 
R 95.90* R 98.40 R 110.10 R 113.10 R 113.50 R 113.80 R 114.40 R 114.50 R 114.55 R 114.70 R 117.30 R 117.45 

Project Area 
Average 

BROWN ALGAE (PHAEOPHYTA) 

Dictyota sp. 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
TOTAL 
BROWN 
ALGAE 

0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Unidentified 
Algae 2.6 4.6 2.4 0.2 1.5 7.5 0.0 1.3 5.9 12.4 12.7 0.0 20.0 5.6 5.5 

TOTAL 
ALGAE 46.6 26.2 34.3 16.3 32.2 54.5 43.7 48.3 44.9 35.2 22.0 38.7 52.2 52.5 39.1 

EPIFAUNA  
Wormreef 9.9 27.2 8.0 5.0 0.0 0.0 0.0 0.0 8.3 3.0 12.0 0.0 0.0 0.0 5.2 
TOTAL 
EPIFAUNA 9.9 27.2 8.0 5.0 0.0 0.0 0.0 0.0 8.3 3.0 12.0 0.0 0.0 0.0 5.2 

SUBSTRATE 23.0 18.7 50.1 64.7 59.6 42.5 47.2 47.8 41.3 45.0 58.3 42.7 45.1 43.4 44.9 
TOTAL 
SUBSTRATE 23.0 18.7 50.1 64.7 59.6 42.5 47.2 47.8 41.3 45.0 58.3 42.7 45.1 43.4 44.9 

OTHER 
Other 
Unidentified 
Bottom 
Features** 

20.5 27.8 7.5 14.0 8.2 3.0 9.1 4.0 5.5 16.8 7.7 18.7 2.7 4.1 10.8 

TOTAL 
OTHER 20.5 27.8 7.5 14.0 8.2 3.0 9.1 4.0 5.5 16.8 7.7 18.7 2.7 4.1 10.8 

* Average percent cover for intertidal and subtidal areas at this site. 
** Includes shadows, glare from water, and unidentifiable objects. 
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 R 77.85 (Seagull Park) 
 
 The hard bottom at Seagull Park was surveyed on 7 July and 5 August 2005.  
The survey area extended from the intertidal zone to the eastern edge of hard bottom and 
approximately 180 ft along the beach.  At the outer edge of the rock outcrops, water 
depths ranged from 4 to 6 ft and the outcrops graded into the sand.  Unidentified red 
algae were the dominant biotal group within the intertidal zone with 23.0% cover.  
Unidentified green algae, probably a combination of small B. plumosa and U. lactuca, 
had an intertidal zone percent cover of 4.7%.  The green alga C. prolifera also was 
observed at low densities intertidally with 0.7% cover.  Total intertidal percent algal 
cover was 29.7%.  Small colonies of the polychaete P. caudata also were noted in the 
intertidal zone with 14.0% cover.  The gastropod mollusk Thais haemastoma floridana 
was associated with the wormreef colonies in several locations. 
 
 The green alga C. prolifera was the dominant subtidal species at the site, 
occurring at very high densities on the shallower upper edges of the outcrops and 
colonizing the rock substrate from the lower intertidal zone out to the eastern edge of 
hard bottom.  This species approached 100% cover in large areas of the site, and analyses 
of the video imagery yielded a subtidal percent cover of 48.2% for this species.  Other 
algal groups contributing significantly to the percent cover totals within the subtidal area 
included unidentified green algae (6.6%) and unidentified red algae (3.3%).  The 
unidentified red algae species category from the video data analyses included the species 
Chondria capillaris, Chondria dasyphylla curvilineata, Halymenia floresia, and Scinaia 
complanata.  Green algae included B. plumosa, Codium decorticatum, and U. lactuca, 
and brown algae consisted of Dictyota pinnatifida and P. gymnospora.  Total subtidal 
percent algal cover at this site was 63.5%. 
 
 The polychaete P. caudata also was observed subtidally, attached to the 
shallower nearshore edges of the subtidal rock ledges.  Analyses of the video data 
showed subtidal wormreef with 5.9% cover at the site.  Other epifauna included several 
species of encrusting ascidians that were observed under overhangs or ledges on the 
nearshore sides of the outcrops.  Several encrusting (Cliona sp.) and unidentified low 
profile sponges also were present under these ledges.  The ascidians and sponges were 
observed only on the nearshore sides of rock ledges and were generally under the 
overhangs, protected from direct wave impacts.  Because of their positions, they were not 
easily viewed with the videocamera, and percent cover estimates were not obtained. 
 
 R 92.95 (Pelican Park) 
 
 The hard bottom off Pelican Park was surveyed on 7 July 2005 and included 
an area extending approximately 400 ft along the beach.  Due to turbid water conditions, 
video data were concentrated in the intertidal and shallow subtidal zones.  Dominant 
algae included unidentified red algae with a total of 12.0% cover, unidentified green 
algae with 6.4% cover, and U. lactuca with 2.9% cover.  Much of the unidentified green 
algae may have been small specimens of U. lactuca not identified due to cloudy water.  
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Total percent algal cover at the site was 26.2%.  Colonies of P. caudata were relatively 
common intertidally in this area and had a percent cover of 27.2%. 
 
 R 95.30 and R 95.90 (Sunrise Avenue) 
 
 This hard bottom area off the east end of Sunrise Avenue was surveyed on 
2 July and 5 August 2005.  On 2 July, data were collected during a low tide period within 
a large intertidal and shallow subtidal area extending approximately 640 ft along the 
shoreline.  The surveyed intertidal hard bottom was largely composed of extensive flat 
outcrops and higher relief boulder-shaped outcrops up to 6-ft diameter by 2-ft height.  
The flat, tabular outcrops often had western edges that tilted up slightly toward the 
shoreline, with resulting small ledges.  During the 5 August survey, video data were 
collected approximately 250 ft further to the north on subtidal rock ledge features with a 
vertical relief of up to 2 ft. 
 
 Within the intertidal area, the green algae U. lactuca was the dominant species 
with a biotal cover of 24.7%, with C. racemosa also identified with 1.3% cover.  
Unidentified red algae had 6.8% cover.  Total intertidal algae percent cover at this 
location was 35.0%.  Wormreef colonies (P. caudata) were relatively abundant at this 
intertidal site, with some colonies approaching 2-ft diameter and having a percent cover 
of 12.0%.  The grapsoid crab Plagusia depressa and the gastropod mollusk 
T. h. floridana also were observed associated with the wormreef colonies at this site. 
 
 The slightly deeper subtidal outcrops were dominated by the green alga 
C. prolifera with 10.7% cover.  As noted at the Seagull Park site, C. prolifera had its 
highest density at the crests of the western edges of the outcrops and along the upper 
edges of east-west breaks in the ledges.  Unidentified red algae from the video data 
analyses had 12.6% cover and may have included the species Agardhiella subulata, 
B. cuspidata, Centroceras clavulatum, Gelidiopsis planicaulis, Laurencia intricata, and 
Solieria filiformis, which were identified from specimens collected during the survey.  
C. decorticatum (0.6% cover) and U. lactuca (0.4% cover) also were noted on the 
subtidal outcrops.  Total subtidal algae percent cover was 33.7%, similar to the algal 
cover observed in the intertidal area.  Wormreef colonies were somewhat smaller than 
noted intertidally and were represented by 4.0% cover.  Other epifauna included at least 
two species of encrusting ascidians that were observed under ledges on the nearshore 
sides of the outcrops, along with the encrusting sponge Cliona sp. 
 
 R 98.40 (Bicentennial Park) 
 
 The hard bottom off Bicentennial Park was surveyed on 2 July 2005 and 
included an intertidal area extending approximately 200 ft along the beach.  The bottom 
was primarily low-relief tabular outcrops with small wormreef colonies.  The green alga 
U. lactuca was the most abundant species with 9.7% cover, followed by unidentified red 
algae (4.5% cover), unidentified green algae (1.2% cover), and C. prolifera (0.7% cover).  
Total algal cover at this intertidal site was 16.3%, lower than that observed at the three 
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locations to the north.  Wormreef percent cover was 5.0%.  No other epifaunal species 
were noted at this location. 
 
 R 110.10 (Paradise Park) 
 
 The subtidal rock features at this location were surveyed on 5 August 2005.  
The outcrops consisted of tabular ledges tilted up toward the shoreline, with the extensive 
undercutting and overhangs along the western edges having vertical relief of from 1 to 
3 ft.  Small colonies of wormreef were observed during the survey, although the species 
was not detected in the video data set.  The most abundant species was the green alga 
C. prolifera with 16.6% cover, followed by unidentified red algae (8.8% cover), 
unidentified green algae (4.8% cover), and U. lactuca (0.4% cover).  Other algal species 
observed included B. plumosa, B. cuspidata, and D. pinnatifida.  Total subtidal algal 
cover at this site was 32.2%.  Unidentified encrusting sponges and tunicates were 
observed along the rock outcrop western faces and under the ledges. 
 
 Hard Bottom Sites South of Paradise Park 
 
 Subtidal rock features associated with the following monuments were 
surveyed on 19 and 22 August 2005. 
 
 R 113.10 
 
 This hard bottom site was a narrow subtidal rock ridge approximately 180 ft 
in length with about 1 ft of relief on both the inshore and offshore edges.  Identifications 
of algae in the video data were limited primarily to either green or red algae due to 
minimal water clarity at the site during the survey.  Unidentified red algae had 34.5% 
cover, unidentified green algae had 12.0% cover, and total algal cover was 54.5% at this 
site.  Species of algae visually identified at the site included U. lactuca, B. cuspidata, and 
A. subulata.  No wormreef was observed either in the video data set or during field 
observations. 
 
 R 113.50 
 
 This site extended for 130 ft along the beach and consisted of wide low-relief 
rock slabs grading into the sand in the nearshore and narrower subtidal ledges tilted 
slightly up toward the shoreline with up to 1 ft of relief.  The intertidal rock was partially 
covered by a thin layer of sand and colonized primarily by the red alga B. cuspidata.  
This species had a percent cover of 41.6% at the site, making it the dominant algae 
present.  Total algal cover at this location was 43.7%.  No wormreef was observed either 
in the video data set or during field observations. 
 
 R 113.80 
 
 This location was 250 ft south of the previous hard bottom site and was 
similar in structure and appearance.  The rock feature extended for approximately 130 ft 
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along the beach and had low-relief intertidal rock platforms with an intermittent thin sand 
veneer adjacent to narrower subtidal ledges with up to 1 ft of relief along the east and 
west sides.  The red alga B. cuspidata had a percent cover of 36.8%, followed by 
unidentified red algae with a cover of 10.0%.  Total algal cover was 48.3%.  No 
wormreef, sponges, or ascidians were observed during the visual survey of the site. 
 
 R 114.40 
 
 This hard bottom site had large slabs and tabular ledges covering a length of 
about 35 ft along the beach and extending up to 25 ft offshore.  There were three sections 
of rock from west to east, with the most seaward section tilted up toward the beach.  This 
eastern outcrop had the highest algal density and richness, including C. prolifera, U. 
lactuca, B. cuspidata, S. filiformis, and red filamentous algae.  Unidentified red algae had 
the highest percent cover at 21.2%, likely primarily B. cuspidata that could not be readily 
identified to species due to turbid water conditions during video data collection.  Other 
algal taxa occurring at relatively high densities included C. prolifera with 8.6% cover, 
U. lactuca at 5.9% cover, and unidentified green algae with 2.7% cover.  Total algal 
percent cover was 44.9%.  Wormreef also was present at the site with a percent cover of 
8.3%.  No sponges or ascidians were observed during the visual survey of the site. 
 
 R 114.50 
 
 This hard bottom feature was 100 ft south of the previous feature and had 
large tabular ledges tilted up slightly toward the shore.  The ledges extended about 25 ft 
along the beach and 8 ft offshore.  Attached algae included C. prolifera, U. lactuca, 
B. cuspidata, and unidentified red filamentous algae.  Analyses of video data showed 
unidentified red algae with 17.1% cover, unidentified algae at 12.4%, C. prolifera at 
3.0% cover, and unidentified green algae at 2.7% cover.  Total algal percent cover was 
35.2%.  Wormreef was present at the site with a percent cover of 3.0%.  No sponges or 
ascidians were observed during the visual survey of the site. 
 
 R 114.55 
 
 This was a small outcrop approximately 10-ft (alongshore) by 4-ft in size with 
a thin sand veneer.  Unidentified algae at 12.7% cover was the dominant biotal group, 
followed by unidentified red algae (5.7% cover), B. cuspidata (2.3% cover), and 
unidentified green algae (1.3% cover).  Total percent algal cover was 22.0%.  Wormreef 
also was present at the site with a percent cover of 12.0%.  No sponges or ascidians were 
observed during the visual survey of the site. 
 
 R 114.70 
 
 This was a tabular subtidal ledge feature about 160 ft south of the previous 
site.  The red alga B. cuspidata, the green alga U. lactuca, and other unidentified red algal 
species were present at this location.  Due to the poor water clarity, algae could not be 
identified to species from the video data, and the percent cover data showed unidentified 
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red algae with a cover of 38.7%, also the percentage for total algal cover.  Although 
several small wormreef colonies were observed at the site, they were not sampled during 
video data collection, and thus wormreef percent cover was 0.0%.  No sponges or 
ascidians were observed during the visual survey of the site. 
 
 R 117.30 
 
 This site was located near the southern end of the Mid Reach Project Area, off 
the beach access south of The Dunes condominium.  This was a small subtidal tabular 
outcrop with about 1 ft of relief.  Attached algal species were similar to previous sites 
with C. prolifera, U. lactuca, B. cuspidata, A. subulata, and unidentified red algae 
observed on the outcrop.  The green alga C. prolifera was the dominant species with a 
percent cover of 23.8%, followed by unidentified algae (20.0% cover), B. cuspidata 
(3.2% cover), unidentified green algae (2.9% cover), and unidentified red algae 
(2.1% cover).  Total percent algal cover at the site was 52.2%.  No wormreef, sponges, or 
ascidians were observed during the visual survey of the site. 
 
 R 117.45 
 
 This site was primarily a subtidal ledge with approximately 1 ft of relief, 
along with a small amount of barely exposed intertidal rock with a sand veneer.  Algal 
species identified at the site included C. prolifera, U. lactuca, B. cuspidata, A. subulata, 
and S. filiformis.  Unidentified red algae, with 36.1% cover, was the most abundant taxa 
at the site, followed by B. cuspidata (6.4% cover), unidentified algae (5.6% cover), and 
A. subulata (3.0% cover).  Total percent algal cover at the site was 52.5%.  No wormreef, 
sponges, or ascidians were observed during the visual survey of the site. 
 
 

DISCUSSION 
 
 The nearshore rock outcrops in the Mid Reach Project Area of Brevard 
County provide physical structure for algal communities and a few hardy invertebrate 
species able to withstand the high-energy wave activity of the area.  The hard bottom 
surveys conducted at 14 sites along the Mid Reach Project Area during the late summer 
of 2005 identified 22 species of marine algae along with sponges, hydroids, mollusks, 
crabs, and ascidians.  The observed taxa, well-adapted to this habitat, are similar to those 
reported from nearshore coastal hard bottom communities further to the south in Brevard 
and Indian River Counties (Clark, 1978; Irlandi, 2001), St. Lucie County (Seabyte Inc., 
1994; Continental Shelf Associates, Inc., 1997, 2002, 2004; Dial Cordy and Associates 
Inc., 2000), and Martin County (Continental Shelf Associates, Inc., 1985). 
 
 Monitoring surveys conducted in association with inlet maintenance dredging 
and sand placement on beaches south of Sebastian Inlet in southern Brevard County 
assessed adjacent nearshore hard bottom communities (Clark, 1978; Irlandi, 2001).  As 
observed in the Mid Reach Project Area, the nearshore rock outcrops were dominated by 
species of green, red, and brown macroalgae, along with colonies of P. caudata and 
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occasional boring sponges (Cliona sp.).  During monitoring in 2000 to 2001, total algae 
percent cover for this area averaged higher than 74% (20.3% for green algae, 22.8% for 
red algae, and 31.3% for brown algae). 
 
 Baseline characterization surveys and monitoring studies associated with 
beach nourishment activities conducted on nearshore rock outcrops south of the Fort 
Pierce Inlet in St. Lucie County and along Jupiter Island in Martin County showed 
similar biotal communities (Continental Shelf Associates, Inc., 1985, 2002, 2004; 
Seabyte Inc., 1994).  Off Fort Pierce, the nearshore hard bottom was dominated by algae, 
with 20 species identified along 15 survey transects across these features.  Percent algal 
cover along the transects ranged from 7% to 31% in 1994, from 14% to 81% in 2002, and 
from 1% to 48% in 2004.  Wormreef also was associated with the outcrops in several 
locations with percent cover as high as 24%.  Other attached epifauna, including 
encrusting sponges, hydroids, and ascidians, were observed at low densities.  During each 
of the surveys, the highest species abundance was noted in areas of higher vertical relief. 
 
 On Jupiter Island, coquina rock outcrops similar to those in the Mid Reach 
Project Area were colonized by algal/sponge-dominated communities (Continental Shelf 
Associates, Inc., 1985).  Total algae percent cover values ranged from 26% to 79% along 
transects in the nearshore zone during a characterization survey conducted in 1985.  The 
sponge Cliona sp. also was present, with a percent cover of more than 20% on one of the 
shallower outcrops.  Wormreef, although present in the area, was not detected during 
sampling along the established transects. 
 
 During a nearshore survey of the Mid Reach Project Area in 1989, extensive 
outcrops emerging 2 to 3 ft above the surrounding bottom were observed between FDEP 
Monuments R 78 and R 93, with lower relief rock outcropping both to the north and 
south.  Well-defined ledges were noted, with the green alga C. prolifera growing in high 
densities along the crests. 
 
 Currently within the Brevard County Mid Reach Project Area, percent cover 
analyses from the summer 2005 diver video data showed wide variability in algal 
distribution and density both within and between surveyed outcrops.  Along virtually any 
cross-reef transect extending from the intertidal zone to the offshore edge of rock bottom, 
algal percent cover could vary from 0% up to nearly 100%, depending on water depth, 
height of rock surface above the surrounding sand, sand overburden, and rock physical 
shape and orientation to wave action.  For example, large areas of low-relief intertidal 
rock in the northern segment of the Mid Reach could exhibit minimal algal cover, 
possibly due to air exposure at low tide, intermittent sand burial, or sand scour, while 
immediately adjacent higher profile sections of the reef in slightly deeper water could 
have dense algal cover. 
 
 Areas typically exhibiting higher percent algal cover included 1) low-relief 
platforms in the lower intertidal and upper subtidal zone, where high abundances of red 
filamentous and branching algae and the green alga U. lactuca were noted, and 2) the 
inshore edges of subtidal rock ledges that were tilted up toward the shoreline and 
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east-west breaks between these longshore ledges, both of which had the highest number 
of algal species and density within the project area.  The green alga C. prolifera was very 
abundant along these subtidal rock edges, in many areas occurring in wide dense bands 
covering 100% of the bottom.  Larger, thin-branching red algae such as A. subulata and 
S. filiformis and the brown algae Dictyota sp. and P. gymnospora also were fairly 
common along these margins.  The red algae B. cuspidata was a widely distributed 
species, occurring on the shallow intertidal platforms as well as on deeper subtidal ledges 
throughout the length of the Mid Reach Project Area.  Along the offshore margins of the 
tabular outcrops where the rock typically graded into the adjacent sand bottom, the algal 
density generally declined with increasing amounts of sand overburden. 
 
 Total algal percent cover during the 2005 surveys within the Mid Reach 
Project Area ranged from 16.3% to 54.5% at individual sampling sites, with green algal 
cover ranging from 0.0% to 30.4% and red algal cover from 4.7% to 47.0%.  These algal 
percent cover ranges and species compositions are similar to those reported during the 
previously described surveys of nearshore hard bottom in counties immediately south of 
the project area. 
 
 Algae species richness appeared to be higher in the more physically complex 
subtidal rock areas.  Although high percent algal cover was often noted on the large flat 
rock platforms in the low intertidal zone, there appeared to be fewer species present, and 
the individual alga thalli were most often smaller in size than for the subtidal specimens.  
Most of the species observed within the intertidal areas also occurred subtidally, although 
the reverse was not necessarily evident.  
 
 Epifaunal species including sponges, hydroids, and ascidians were primarily 
distributed along the western margins and under rock ledges with a vertical relief of 
greater than 1 ft.  This provided protection from the direct impact of high-energy waves 
prevalent throughout much of the year.  Wormreef colonies (P. caudata) were observed 
in relatively low abundance at nine of the sampling locations and had percent cover 
values ranging from 0.0% to 27.2%.  Most colonies were less than 2 ft in diameter, and 
abundance may have declined following hurricane impacts to the shoreline in August and 
September 2004.  Associated with the wormreef colonies were the grapsoid crab 
P. depressa and the gastropod mollusk T. h. floridana. 
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BREVARD COUNTY, FLORIDA 
MID REACH SHORE PROTECTION PROJECT 

ESSENTIAL FISH HABITAT ASSESSMENT 
 
 
1.0  INTRODUCTION 
 
 
The Magnuson-Stevens Fishery Conservation and Management Act (16 U.S.C. § 1801-
1882) established regional Fishery Management Councils (FMCs) and mandated that 
Fishery Management Plans (FMPs) be developed to responsibly manage exploited fish 
and invertebrate species in federal waters of the United States.  When Congress re-
authorized this act in 1996 as the Sustainable Fisheries Act, several reforms and 
changes were made.  One change was to charge the National Marine Fisheries Service 
(NMFS) with designating and conserving Essential Fish Habitat (EFH) for species 
managed under existing FMPs.  Charging the NMFS with this responsibility was 
intended to minimize, to the extent practicable, any adverse effects on habitat caused 
by fishing or non-fishing activities as well as to identify other actions that encourage the 
conservation and enhancement of such habitat. 
 
EFH is defined as “those waters and substrate necessary to fish for spawning, breeding, 
feeding or growth to maturity” [16 U.S.C. § 1801(10)].  The final rule summarizing EFH 
regulations (50 CFR Part 600) outlines additional interpretation of the EFH definition.  
Waters, as previously defined, include aquatic areas and their associated physical, 
chemical, and biological properties that are used by fish and may include aquatic areas 
historically used by fish.  Substrate includes “sediment, hard bottom, structures 
underlying the waters, and associated biological communities.”  Necessary is defined as 
“the habitat required to support a sustainable fishery and the managed species' 
contribution to a healthy ecosystem.”  Fish include finfishes, mollusks, crustaceans, and 
all other forms of marine animal and plant life other than marine mammals and birds, 
whereas “spawning, breeding, feeding or growth to maturity” cover the complete life 
cycle of species of interest.   
 
The South Atlantic Fishery Management Council (SAFMC) is the FMC responsible for 
managing fisheries and habitat in the waters of the project area.  SAFMC has produced 
several FMPs for single and mixed groups of species.  All of these FMPs, including 
those for penaeid shrimps, spiny lobster, red drum, snapper-grouper (reef fishes), and 
coastal migratory pelagics, were amended in a single document (SAFMC, 1998) to 
address EFH within the South Atlantic region.  In addition to the FMPs prepared by the 
SAFMC, highly migratory species (e.g., tunas, billfishes, sharks, and swordfish) are 
managed by the Highly Migratory Species Management Unit, Office of Sustainable 
Fisheries, NMFS.  This office prepared an FMP for highly migratory species that 
includes descriptions of EFH for sharks, swordfish, and tunas (NMFS, 1999).  Some of 
the species managed by SAFMC and NMFS also are under the jurisdiction of the 
Atlantic States Marine Fisheries Commission (ASMFC). 
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Within the EFH designated for various species, particular areas termed Habitat Areas of 
Particular Concern (HAPC) also are identified.  HAPCs either play important roles in the 
life history (e.g., spawning areas) of federally managed fish species or are especially 
vulnerable to degradation from fishing or other human activities.  SAFMC (1998) 
designated the nearshore hard bottom along the central east coast of Brevard County, 
including the Mid Reach project area shoreline, as areas meeting the criteria for EFH-
HAPC. 
 
Proposed Action 
 
The proposed action is to stabilize the Mid-Reach shoreline by placing sand on the 
existing beach.  The Mid-Reach encompasses approximately 7.6 mi between Patrick Air 
Force Base and Indiatlantic (Florida Department of Environmental Protection [FDEP] 
Monuments R-75.4 to R-118.3) (Figure 1).  For analysis purposes, the Mid-Reach 
shoreline is divided into six segments or sub-reaches, Reaches 1 to 6 (from south to 
north).   
 
The proposed action consists of two similar plans formulated to achieve shoreline 
protection required at the Mid-Reach.  The first plan is the U.S. Army Corps of 
Engineers (USACE) National Economic Development (NED) Plan and the second is the 
Locally Preferred Plan (LPP).  The spatial extent along the six sub-reaches of the Mid-
Reach shoreline of each project plan are illustrated in Figure 1. 
 
The nature and scope of various project alternatives to the NED and LPP, including 
these alternatives’ effects upon environmental resources, are described in Section 5 of 
the GRR/SEIS main text.  These alternatives include no-action, shoreline retreat, 
seawalls and revetments, conventional-scale hydraulic beach fill, coastal structures, 
larger- and smaller-scale dune- and beach-face fill, and various combinations thereof.  
Because these alternatives are concluded to have unacceptable adverse impacts to 
environmental resources and/or do not meet the project objectives, for reasons 
described in Section 5, their effects upon significant EFH are not specifically considered 
in this section. 
 
Both the NED Plan and LPP include the following principal project elements:  

 (a) hydraulic excavation of beach-quality sediment, by hopper dredge, from the 
Canaveral Shoals I or II offshore borrow areas; 

(b) transit of the hopper dredge between the borrow area and Canaveral Harbor; 
(c) hydraulic placement of the dredged sediment from the hopper dredge to the 

Poseidon Dredged Material Management Area (DMMA), via pipeline, to create a 
temporary upland sand stockpile; 

(d) truck-haul transfer of stockpiled sediment from the DMMA to the 7.6-mile long Mid 
Reach project area shoreline;  

(e) mechanical (truck-haul) placement of the sediment as dune and/or beach face fill 
along the shoreline; 

(f) construction of nearshore mitigation reef structures; and 
(g) project monitoring. 
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Figure 1.  Proposed plan along the Mid Reach project shoreline for the Corps’ NED Plan and 

Locally Preferred Plan.  The beach fill plans (not drawn to scale) are identical for the 
two plans except along Reaches 3 and 4. 
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The beach fill consists of initial construction and periodic renourishment of limited dune- 
and/or beach-face sand placement, as summarized below and indicated in Table 1 and 
Figure 1 
 

NED Plan: 
Reach 6:  dune-only fill 
Reach 5:  10-ft design widening of the beach plus advance nourishment; 
Reach 4:  dune-only fill; 
Reach 3:  30-ft design widening of the beach plus advance nourishment; 
Reach 2:  20-ft design widening of the beach plus advance nourishment;  
Reach 1:  10-ft design widening of the beach plus advance nourishment. 
 
Locally Preferred Plan. 
Reach 6:  dune-only fill 
Reach 5:  10-ft design widening of the beach plus advance nourishment; 
Reach 4:  10-ft design widening of the beach plus advance nourishment; 
Reach 3:  20-ft (design widening of the beach plus advance nourishment; 
Reach 2:  20-ft design widening of the beach plus advance nourishment;  
Reach 1:  10-ft design widening of the beach plus advance nourishment. 
 

 
 

Table 1.  Summary of beach fill plans and anticipated nearshore rock impacts. 
 

1 R119 - R109 9,599 24 10' 148,000 34,000 0.2 0.2 0.3
2 R109 - R105.5 3,406 22.7 20' 84,000 16,000 0.4 0.2 0.5
3 R105.5 - R99 6,239 21.7 30' 162,000 28,000 0.8 0.3 1.1
4 R99 - R93 5,603 20.7 dune 15,000 15,000 0.1 0.1 0.2
5 R93 - R83 9,029 19.4 10' 103,000 43,000 0.3 0.6 0.9
6 R83 - R75.4 7,207 18 dune 18,000 18,000 0.0 0.0 0.1

TOTAL R119 - R75.4 41,083 530,000 154,000 1.8 1.2 3.0

1 R119 - R109 9,599 24 10' 148,000 34,000 0.2 0.2 0.3
2 R109 - R105.5 3,406 22.7 20' 84,000 16,000 0.3 0.1 0.4
3 R105.5 - R99 6,239 21.7 20' 135,000 28,000 0.5 0.3 0.8
4 R99 - R93 5,603 20.7 10' 85,000 25,000 0.3 0.2 0.5
5 R93 - R83 9,029 19.4 10' 103,000 43,000 0.3 0.6 0.9
6 R83 - R75.4 7,207 18 dune 18,000 18,000 0.0 0.0 0.1

TOTAL R119 - R75.4 41,083 573,000 164,000 1.6 1.4 3.0

* The total predicted impact represents the maximum (seaward extent) of the anticipated toe of beach fill after cross-shore equilibration and 
alongshore diffusion.  For this reason, and likewise due to rounding, the numeric sum of impacts from the design and advance templates 
are in some cases different from the numeric value of the anticipated total impacts.

NED PLANDist. to 
stockpile 

site 
(miles)

Design 
Fill 

Template

Initial 
Nourishment 
Volume (cy)

Periodic 
Renourishment 

Volume (cy)

Impacts to Nearshore Rock (Acres)

Reach FDEP Monuments Length 
(ft)

Reach FDEP Monuments Length 
(ft)

Initial 
Nourishment 
Volume (cy)

Periodic 
Renourishment 

Volume (cy)

Impacts to Nearshore Rock (Acres)
Design 

Template
Advance 
Template Total*

Reach Limits

Reach Limits

Design 
Template

Advance 
Template Total*

Dist. to 
stockpile 

site 
(miles)

LOCALLY PREFERRED PLAN
Design 

Fill 
Template
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Advance nourishment, where indicated, consists of an approximate additional 10-ft 
widening of the beach beyond the design width.  Beach fill placement for the NED and 
LPP plans is identical except along Reaches 3 and 4.  
 
Beach fill placement and grading will be by truck-haul, excavator, bulldozer and similar 
mechanical equipment, with placement mostly (but not wholly) above the mean low 
water line.  Initial construction (placing between 530,000 and 573,000 cubic yards of 
sand) is anticipated to require between 160 and 180 calendar days.  Periodic 
renourishment would be in approximately 3-year cycles, with each event anticipated to 
place between 154,000 and 164,000 cubic yards and to require between 45 and 60 
days for construction.   
 
Hydraulic dredging of the offshore borrow area(s) and replenishment of the DMMA 
upland stockpile would be in approximate 6-year cycles to correspond with hydraulic-fill 
renourishment of the North or South Reach portions of the federal shore protection 
project.  Hydraulic dredging and discharge to initially construct and subsequently 
replenish the DMMA stockpile is anticipated to require between about 60-90 days and 
30-40 days, respectively. 
 
The proposed sand source is the Canaveral Shoals offshore borrow areas.  Both areas 
are located east of Port Canaveral along expansive sand shoals in 20- to 50-ft water 
depths associated with Cape Canaveral.  Canaveral Shoals I (CS-I) is located in Florida 
state waters.  Canaveral Shoals II (CS-II) is located in federal (Outer Continental Shelf) 
waters.  In the event that there is insufficient stockpiled material within the DMMA site 
for project renourishment, then use of beach-compatible sand from alternate upland 
sources may be used as a temporary, supplemental source of beach fill material.  This 
instance is not anticipated, but it could arise in the event of emergency, post-storm 
conditions whereby storm erosion requires prompt replenishment of at least a portion of 
the project’s dune and beach-face fill.  Use of supplemental upland sand sources would 
require that the material conforms to all applicable State of Florida standards and that 
its use is specifically pre-approved by the Florida Department of Environmental 
Protection.   
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2.0  MANAGED SPECIES AND EFH IN THE PROJECT AREA 
 
 
Of the species or species groups managed by the SAFMC and NMFS, the following 
may be found within the project area: 
 

• Penaeid shrimps; 
• Coastal pelagic fishes; 
• Red drum; 
• Reef fishes; and 
• Coastal sharks. 

 
Members of these groups occur in the project area for, at minimum, a portion of their life 
history.  The following accounts briefly describe the EFH for these species and their 
respective life stages. 
 
 
2.1 MANAGED SPECIES 
 
The EFH determination is based on species distribution maps and habitat association 
tables.  In offshore areas, EFH consists of those areas depicted as “adult areas,” 
“spawning areas,” and/or “nursery areas.”  The maps for species managed by the 
SAFMC were reviewed, and potential impacts to the selected species were determined 
according to the indicated abundance within the project area. 
 
2.1.1 Penaeid Shrimps 
 
Penaeid shrimps managed by the SAFMC and occurring in the project area are brown 
shrimp (Farfantepenaeus aztecus), pink shrimp (F. duorarum), and white shrimp 
(Litopenaeus setiferus).  Other members of this management unit, including rock shrimp 
(Sicyonia brevirostris), seabob shrimp (Xiphopenaeus kroyeri), and royal red shrimp 
(Pleoticus robustus), are found in waters much deeper than the project area.   
 
EFH for penaeid shrimps encompasses the series of habitats used during their life 
history (SAFMC, 1998).  This life history has two basic phases: the adult/juvenile 
benthic phase and the planktonic larval/post-larval phase.  Benthic adults aggregate to 
spawn in shelf waters over coarse, calcareous sediments.  Eggs attached to the 
females’ abdomen hatch into planktonic larvae.  These larvae and subsequent post-
larval shrimps feed on zooplankton in the water column and make their way into inshore 
waters.  For the inshore phase of the life history, post-larval shrimps settle to the bottom 
and resume a benthic existence in estuaries that provide rich food sources as well as 
shelter from predation.  Young penaeid shrimps prefer shallow-water habitats with 
nearby sources of organic detritus such as estuarine emergent vegetated wetlands or 
mangrove fringe.  Young shrimps occur in the Indian River Lagoon from April to June. 
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2.1.2 Red Drum 
 
Red drum (Sciaenops ocellata), a member of the drum family Sciaenidae, occur in the 
project area.  EFH for red drum includes tidal freshwater, estuarine emergent vegetated 
wetlands (e.g., flooded salt marshes, brackish marsh, and tidal creeks), mangrove 
shorelines, seagrasses, oyster reefs and shell banks, unconsolidated bottom (e.g., soft 
sediments), ocean high-salinity surf zones, and artificial reefs (SAFMC, 1998).  Red 
drum EFH particular to the project area includes ocean high-salinity surf zone. 
 
HAPCs for red drum are coastal inlets, state-designated nursery habitats of particular 
importance to red drum, documented sites of spawning aggregations, and habitats for 
submerged aquatic vegetation (SAFMC, 1998).  In many areas throughout the 
geographic range of red drum, mature adults migrate offshore into shelf waters to 
spawn from inshore areas.  This appears to be the case offshore east-central Florida; 
however, in the Indian River and Mosquito Lagoons, Johnson and Funicelli (1991) have 
documented spawning by red drum.  Tagging studies conducted in inshore waters of 
the area have documented that red drum will migrate to ocean inlets such as Sebastian 
or Ponce de Leon, presumably to spawn (Stevens and Sulak, 2001; Tremain et al., 
2004).  Although the portion of the local population spawning in shelf waters off Brevard 
County is unknown, adult and subadult red drum occur in the nearshore waters of the 
region during certain times of the year. 
 
Other sciaenids found in the project area include kingfish (Menticirrhus spp.), sand drum 
(Umbrina coroides), and striped croaker (Bairdiella sanctaeluciae).  These species are 
not managed by the SAFMC, but may serve as prey for other managed species in the 
project area (e.g., reef fishes and coastal pelagic species).  Striped croaker is 
considered a species of special concern by the State of Florida. 
 
 
2.1.3 Coastal Pelagic Fishes 
 
The major coastal pelagic families occurring in inshore and coastal waters of the project 
area are ladyfish, anchovies, herrings, mackerels, jacks, mullets, bluefish, and cobia.  
Coastal pelagic species migrate over the region’s shelf waters throughout the year.  
Some species form large schools (e.g., Spanish mackerel), while others travel alone or 
in smaller groups (e.g., cobia).  Many coastal pelagic species inhabit the nearshore 
environment along beaches and barrier islands of eastern Florida (Gilmore et al., 1981; 
Peters and Nelson, 1987).  Commonly occurring species in the project area include 
anchovies (Anchoa spp.), menhaden (Brevoortia spp.), scaled sardine (Harengula 
jaguana), striped mullet (Mugil cephalus), hardhead catfish (Ariopsis felis), and Florida 
pompano (Trachinotus carolinus).  Larger predatory species (particularly bluefish, blue 
runner, jack crevalle, sharks, and Spanish mackerel) may be attracted to larger 
concentrations of anchovies, herrings, and mullets that aggregate in nearshore areas.  
The distribution of most species depends on water temperature and quality, which vary 
spatially and seasonally.   
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Coastal pelagic species managed by the SAFMC are cobia (Rachycentron canadum), 
Spanish mackerel (Scomberomorus maculatus), king mackerel (S. cavalla), and little 
tunny (Euthynnus alletteratus) (SAFMC, 1998).  Various life stages of all these species 
may occur in the project area (Table 2).   
 
 
 

Table 2. Coastal pelagic fishes and life stages with Essential Fish Habitat identified 
within the Mid-Reach project area (Adapted from: South Atlantic Fisheries 
Management Council, 1998; National Marine Fisheries Service, 1999). 

Common 
Name Species Eggs and 

Larvae Juveniles/Subadults Adults 

Cobia Rachycentron 
canadum Shelf waters  

Shelf waters; artificial and 
natural hard bottom; 
associates with larger 
nekton (i.e., sharks, rays, 
sea turtles) 

Shelf waters; artificial and 
natural hard bottom 
structures; associates with 
larger nekton (i.e., sharks, 
rays, sea turtles) 

King 
mackerel 

Scomberomorus 
cavalla Shelf waters 

Shelf waters; associates 
with artificial and natural 
hard bottom 

Shelf waters; associates 
with artificial and natural 
hard bottom 

Spanish 
mackerel 

Scomberomorus 
maculatus Shelf waters 

Shelf and inshore waters; 
associates with artificial 
and natural hard bottom 

Shelf and inshore waters; 
associates with artificial and 
natural hard bottom 

Little tunny  Euthynnus 
alletteratus Shelf waters Shelf waters; artificial and 

natural hard bottom 
Shelf waters; artificial and 
natural hard bottom 

 
 
 
EFH for coastal pelagic species includes Phragmatopoma reefs (worm reefs) off the 
central coast of Florida; nearshore hard bottom is south of Cape Canaveral.  This EFH 
also includes sandy shoals of capes and offshore bars as well as high-profile rocky 
bottom and barrier island ocean-side waters from the surf zone to the shelf break zone 
from the Gulf Stream shoreward (including Sargassum).  Also, all coastal inlets and 
state-designated nursery habitats of particular importance to coastal migratory pelagics 
are included as EFH for coastal pelagic species (SAFMC, 1998). 
 
 
2.1.4 Reef Fishes 
 
The reef fish (snapper-grouper) management unit consists of 73 species from 
10 families.  Although the fisheries and adult habitat of most of these species exist well 
offshore of the project area, the young stages of several reef fishes utilize nearshore 
hard bottom (e.g., Gilmore et al., 1981; SAFMC, 1998; Lindeman and Snyder, 1999; 
Lindeman et al., 2000).  SAFMC (1998) identified the following habitats as EFH for early 
life stages of reef fishes: attached macroalgae, seagrasses, salt marshes, tidal creeks, 
mangrove fringe, oyster reefs and shell banks, soft sediments, artificial reefs, coral 
reefs, and hard/live bottom.  The Mid-Reach project area includes soft bottom and 
hard/live bottom.  Nearshore hard bottom has been identified as an important habitat for 
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many of the 73 members of the reef fish management unit (SAFMC, 1998); reef fish 
species with EFH in the project area are listed in Table 3. 
 
Generally, reef fishes spawn offshore, releasing eggs and larvae into the water column.  
In some species, such as gray snapper (Lutjanus griseus) and gag grouper 
(Mycteroperca microlepis), larvae are transported through inlets into estuarine areas 
where they settle the bottom and occupy seagrass meadows or other structured 
habitats.  As they grow, young gray snappers will move from seagrass areas to more 
structured areas such as artificial hard bottom, mangrove fringe (prop roots), and near 
shore hard bottom.  Other reef fishes such as lane snapper (L. synagris) and grunts 
(e.g., Haemulon spp., Anisotremus surinamensis, A. virginicus, and Orthopristis 
chrysoptera) have similar life cycles, and their early life stages also could occur in the 
inshore waters of the area.  Nearshore hard bottom is an important connection of the 
cross-shelf developmental pathways undertaken by many reef species (Lindeman et al., 
2000).   



Table 3. Species by family from the Reef Fish Management Unit with Essential Fish Habitat presence in the project area 
(South Atlantic Fishery Management Council, 1998). 

Family Common Name Species Spawning Eggs Larvae Juveniles Adults 

Red grouper Epinephelus morio Shelf waters Pelagic; shelf 
waters 

Pelagic; shelf 
waters 

Demersal; hard 
bottom; inshore 
and shelf 
waters 

Demersal; hard 
bottom; shelf 
waters 

Goliath grouper Epinephelus itajara Shelf waters Pelagic; shelf 
waters 

Pelagic; shelf 
waters 

Demersal; hard 
bottom; inshore 
and shelf 
waters 

Demersal; hard 
bottom; shelf 
waters 

Gag grouper Mycteroperca 
microlepis Shelf waters Pelagic; shelf 

waters 
Pelagic; shelf 
waters 

Demersal; hard 
bottom; inshore 
and shelf 
waters 

Demersal; hard 
bottom; shelf 
waters 

Scamp Mycteroperca phenax Shelf waters Pelagic; shelf 
waters 

Pelagic; shelf 
waters 

Demersal; hard 
bottom; shelf 
waters 

Demersal; hard 
bottom; shelf 
waters 

Serranidae − 
sea basses 
and groupers 

Black sea bass Centropristis striata Shelf waters Pelagic; shelf 
waters 

Pelagic; shelf 
waters 

Demersal; hard 
bottom; inshore 
and shelf 
waters 

Demersal; hard 
bottom; shelf 
waters 

Blue runner Caranx crysos Shelf waters Pelagic; shelf 
waters 

Pelagic; shelf 
waters 

Demersal; 
inshore waters 

Demersal; hard 
bottom; inshore 
and shelf waters Carangidae – 

jacks 
Crevalle jack Caranx hippos Shelf waters Pelagic; shelf 

waters 
Pelagic; shelf 
waters 

Demersal; 
inshore waters 

Demersal; hard 
bottom; inshore 
and shelf waters 

Gray snapper Lutjanus griseus  Shelf waters Pelagic; shelf 
waters 

Pelagic; shelf 
waters 

Demersal; 
inshore waters 

Demersal; hard 
bottom; inshore 
and shelf waters 

Lane snapper Lutjanus synagris Shelf waters Pelagic; shelf 
waters 

Pelagic; shelf 
waters 

Demersal; 
inshore and 
shelf waters 

Demersal; hard 
bottom; inshore 
and shelf waters 

Lutjanidae – 
snappers 

Vermilion 
snapper 

Rhomboplites 
aurorubens Shelf waters Pelagic; shelf 

waters 
Pelagic; shelf 
waters 

Demersal; shelf 
waters 

Demersal; hard 
bottom; inshore 
and shelf waters 



 
 
Table 3.  (Continued). 

 

Family Common Name Species Spawning Eggs Larvae Juveniles Adults 

White grunt Haemulon plumieri Shelf waters Pelagic; shelf 
waters 

Pelagic; shelf 
waters 

Demersal; 
inshore waters 

Demersal; hard 
bottom; inshore 
and shelf waters 

Porkfish Anisotremus virginicus Shelf waters Pelagic; shelf 
waters 

Pelagic; shelf 
waters 

Demersal; 
inshore waters 

Demersal; hard 
bottom; inshore 
and shelf waters 

Black margate Anisotremus 
surinamensis Shelf waters Pelagic; shelf 

waters 
Pelagic; shelf 
waters 

Demersal; 
inshore waters 

Demersal; hard 
bottom; inshore 
and shelf waters 

Haemulidae – 
grunts 

Sailors choice Haemulon parra Shelf waters Pelagic; shelf 
waters 

Pelagic; shelf 
waters 

Demersal; 
inshore waters 

Demersal; hard 
bottom; inshore 
and shelf waters 

Sparidae – 
porgies Sheepshead Archosargus 

probatocephalus Shelf waters Pelagic; shelf 
waters 

Pelagic; shelf 
waters 

Demersal; 
inshore waters 

Demersal; hard 
bottom; inshore 
and shelf waters 

Ephippidae – 
spadefishes Atlantic spadefish Chaetodipterus faber Shelf waters Pelagic; shelf 

waters 
Pelagic; shelf 
waters 

Demersal; 
inshore and 
shelf waters 

Demersal; hard 
bottom; inshore 
and shelf waters 

Balistidae − 
triggerfishes Gray triggerfish Balistes capriscus Shelf waters Pelagic; shelf 

waters 
Pelagic; shelf 
waters 

Demersal; shelf 
waters 

Demersal; hard 
bottom; inshore 
and shelf waters 
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Visual surveys consisting of 10-min swims (a modification of Kimmel’s [1985] method) 
were conducted over nearshore hard bottom along the southern portion of Brevard’s 
Mid-Reach.  Locations of these censuses are presented in Figure 2.  Because these 
censuses were made when the water clarity was marginal (less than 1 m), the results 
should be considered underestimates of diversity and species composition.  The 
surveys revealed 19 species (Table 4) and generally higher numbers of juveniles than 
adults, indicating that the habitat provides some nursery function.  Species composition 
is consistent with the results of Gilmore et al. (1981) for nearshore hard bottom in the 
region.  Of the 19 species observed, 6 (i.e., black margate, porkfish, lane snapper 
[Lutjanus synagris], gray snapper, Atlantic spadefish [Chaetodipterus faber], and 
sheepshead [Archosargus probatocephalus]) are members of the Reef Fish 
Management Unit (SAFMC, 1998).  Another species, the nurse shark, is managed by 
the NMFS (1999).  Striped croaker (Bairdiella sanctaeluciae) is considered a species of 
special concern by the State of Florida (Gilmore and Snelson, 1992).  Many reef fish 
species not managed by the SAFMC also utilize nearshore hard bottom in the project 
area.  During field surveys, other species such as wrasses (Halichoeres bivittatus, 
H. poeyi), clingfish (Gobiesox strumosus), sergeant major (Abudefduf saxatilis), night 
sergeant (Abudefduf taurus), and hairy blenny (Labrisomus nuchipinnis) were observed 
in shallow tide pools. 
 
 
2.1.5 Coastal Sharks 
 
Coastal sharks commonly occur during their life stages in inland and nearshore shelf 
waters.  In the project area, several managed shark species have been observed, 
including blacknose (Carcharhinus acronotus), spinner (C. brevipinna), bull (C. leucas), 
dusky (C. obscurus), sandbar (C. plumbeus), tiger (Gaelocerdo cuvier), sand tiger 
(Carcharias taurus), bonnethead (Sphyrna tiburo), and lemon (Negaprion brevirostris).  
The young of several of these species also utilize the nearby Indian River Lagoon as 
nursery grounds (Snelson and Williams, 1981; Snelson et al., 1984).  EFH identified by 
NMFS (1999) for coastal shark species is presented in Table 5.   No HAPCs are 
available for coastal sharks. 
 
 
2.2 EFH IN THE PROJECT AREA 
 
In the SAFMC (1998) comprehensive EFH amendment, important habitats of the South 
Atlantic region were broadly divided into estuarine/inshore and marine/offshore 
categories, with many subcategories under each heading.  Marine/offshore habitats 
include coastal, open shelf, live/hard bottom, shelf edge, and lower shelf (SAFMC, 
1998).  Each habitat harbors a distinct assemblage of demersal fishes and 
invertebrates.  The Brevard Mid-Reach project area encompasses only marine/offshore 
habitats, specifically hard bottom (nearshore hard bottom), soft bottom (open shelf), and 
the water column.  These habitats were previously discussed relative to how they are 
utilized by managed species.  In the following sections, they are discussed in terms of 
salient characteristics in and relevant to the project area. 
 



 

13 

 
Figure 2. Location of timed swim sites relative to Florida Department of Environmental 

Protection (FDEP) monuments. 
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Table 4. Fishes observed during 10-min swims over hard bottom features along the Brevard County Mid-Reach in order of total 
abundance.  Sites are ordered from south to north (see Figure 2). 

Site Common Name Species 
1 2 3 4 5 6 7 8 9 10 11 12 Total 

Black margate Anisotremus surinamensis 3 12  7 13 10 47 57 14 17 30 22 232 
Hairy blenny Labrisomus nuchipinnis 6 1 1 2 3 13 6 22 11 17 21 16 119 
Silver porgy Diplodus argenteus 7 5    8 4 10 11 8 5 10 68 

Sheepshead Archosargus 
probatocephalus  11   3  4 16 6 1 1 2 44 

Atlantic spadefish Chaetodipterus faber 6 9 2  3 5  1    2 28 
Gray snapper Lutjanus griseus  3   1    2  2 1 9 
Slippery dick Halichoeres bivittatus          1  5 6 
Porkfish Anisotremus virginicus    1       1 2 4 
Molley miller Scartella cristata          1  3 4 
Sergeant major Abudefduf saxatilis       1   1   2 
Lane snapper Lutjanus synagris        1  1   2 
Striped croaker Bairdiella sanctaeluciae           1  1 
Nurse shark Ginglymostoma cirratum     1        1 
Blackear wrasse Halichoeres poeyi          1   1 
Pigfish Orthopristis chrysoptera       1      1 
Gulf flounder Paralichthys albigutta            1 1 
High-hat Pareques acuminatus       1      1 
Sand drum Umbrina coroides        1     1 
Razorfish Xyrichtys sp.          1   1 

Total Observed 22 41 3 10 24 36 64 108 44 49 61 64 526 
Total Taxa 4 6 2 3 6 4 7 7 5 10 7 10 19 

 
 



 

 

Table 5. Coastal shark species and life stages with Essential Fish Habitat identified within the project area (Adapted from: National 
Marine Fisheries Service, 1999). 

Common Name Species Neonate/Early Juveniles Late Juveniles/Subadults Adults 

Blacknose shark Carcharhinus 
acronotus 

Shallow coastal waters less than 25 m 
deep from the Georgia/Florida border to 
Cape Canaveral, Florida 

Shallow coastal waters less than 25 m 
deep from the Georgia/Florida border to 
Cape Canaveral, Florida 

-- 

Spinner shark Carcharhinus 
brevipinna 

Shallow coastal waters less than 25 m 
deep from Cape Hatteras, North Carolina 
to around Florida 

Shallow coastal waters less than 200 m 
deep from the Georgia/Florida border 
south to Cape Canaveral, Florida 
(28.5 ºN) 

Shallow coastal waters less 
than 100 m deep from 
Georgia/Florida border 
south to Cape Canaveral, 
Florida (28.5 ºN) 

Bull shark Carcharhinus 
leucas 

Shallow coastal waters, inlets, and 
estuaries in waters less than 25 m deep 
from just north of Cape Canaveral at 29ºN 
to just south of Cape Canaveral at 28ºN 

Shallow coastal waters, inlets, and 
estuaries in water depths less than 25 m n/a 

Dusky shark Carcharhinus 
obscurus 

Shallow coastal waters, inlets, and 
estuaries in waters less than 25 m deep 

Shallow coastal waters, inlets, and 
estuaries in waters less than 25 m deep n/a 

Sandbar shark Carcharhinus 
plumbeus 

Shallow coastal waters, inlets, and 
estuaries in waters less than 25 m deep 
from Montauk, New York to Cape 
Canaveral, Florida (27.5ºN) 

Shallow coastal waters, inlets, and 
estuaries in waters less than 25 m deep 
from Montauk, New York to Cape 
Canaveral, Florida (27.5ºN) 

n/a 

Tiger shark Gaelocerdo cuvier 
Shallow coastal waters to the 200-m 
isobath from Cape Canaveral, Florida 
(27.5ºN) to Montauk, New York 

-- -- 

Sand tiger shark Carcharias taurus 
Shallow coastal waters less than 25 m 
deep from Barnegat  Inlet, New Jersey to 
Cape Canaveral, Florida (27.5ºN) 

-- 

Shallow coastal waters less 
than 25 m deep from 
Barnegat Inlet, New Jersey 
to Cape Canaveral, Florida 
(27.5ºN) 

Bonnethead 
shark  Sphyrna tiburo -- 

Shallow coastal waters, inlets, and 
estuaries less than 25 m deep from Cape 
Fear, North Carolina to West Palm Beach, 
Florida 

-- 

Lemon shark  Negaprion 
brevirostris 

Shallow coastal waters, inlets, and 
estuaries less than 25 m deep from Bulls 
Bay, South Carolina to West Palm Beach, 
Florida 

Shallow coastal waters, inlets, and 
estuaries less than 25 m deep from Bulls 
Bay, South Carolina to West Palm Beach, 
Florida 

-- 

-- = Life stage does not occur within the project area. 
n/a = Information not available. 
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2.3 NEARSHORE HARD BOTTOM 
 
Nearshore hard bottom is the primary EFH found in the project area.  This habitat 
supports more species than either the soft bottom or water column habitats.  Nearshore 
hard bottom outcrops along the eastern Florida shoreline are composed of beach rock 
(coquina) of the Anastasia Limestone Formation (Davis, 1997), usually formed as wind-
blown sand dunes during the Pleistocene era.  These features parallel the current 
shoreline and are subject to frequent burial and erosion caused by high wave energy of 
the surf zone.  Unless the features have appreciable relief, they will be inundated by 
sand to varying degrees. 
 
Despite this physically demanding environment, several sessile organisms are well 
adapted to the prevailing conditions and often cover high portions of the exposed rock.  
One such organism is the sabellarid polychaete Phragmatopoma lapidosa, which forms 
large gregarious colonies commonly referred to as worm reefs (Kirtley and Tanner, 
1968; McCarthy, 2001).  The worm reef colonies are composed of sand grains 
cemented together to form rugose structures that add relief and structural complexity to 
existing natural and artificial hard bottom.  The growth of worm reef depends on a 
combination of available hard substrate, wave energy, sediment availability, and larval 
supply (McCarthy et al., 2003).  Worm reefs south of Cape Canaveral have been 
designated as EFH by the SAFMC (1998).  In addition to fish species, worm reef 
supports associated assemblages of organisms, such as decapod crustaceans (Gore et 
al., 1978).  Details of epibiota of the Mid-Reach hard bottom features may be found in 
the Appendix SEIS-B. 
 
Based upon June 2004 mapping, there are approximately 31.3 acres of nearshore hard 
bottom in a band along the entire Mid-Reach shoreline, exposed in irregularly scattered 
outcrops near the mean low water shoreline.  There is an additional 11.2 acres of 
exposed nearshore hard bottom along the adjacent mile of shoreline immediately north 
of the Mid Reach, along Patrick Air Force Base.  This band has been quantified by 
aerial photography, then characterized by field verification of broad substrate categories 
(Olsen Associates, Inc., 2003, 2005).  The areal extent of rock increases with increasing 
latitude.  Mapping in both 2001 and 2004 indicated that over 85% of the exposed rock in 
the Mid Reach occurred along the northern half of the Mid Reach, along Reaches 4 
through 6, between monuments R75.4 and R99.  There are subtidal and intertidal 
portions of hard bottom along the Mid-Reach.  The intertidal portions are most prevalent 
in the vicinity of FDEP Monuments R-90 and R-99.  The rock surface supports 
macroalgae and other epibionts that are important food sources or shelter for fishes of 
varying life stages.  Much of the epibiota is emphemeral and subject to extensive wave 
scour.  Portions of the exposed rock are colonized by the sabellariid worm 
Phragmatopoma lapidosa. 
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2.3.1 Nearshore Soft Bottom (Surf Zone) 
 
Surf zone is the innermost portion of the open shelf habitat subcategory.  Along the Mid-
Reach, the surf zone occurs landward of the hard bottom outcrop and the shoreline.  
The presence of infaunal invertebrates in the surf zone and nearshore soft bottom 
provides an important prey base for many benthic feeding fishes.  Sediment 
characteristics in the nearshore soft bottom habitat change with latitude.  Coarser, 
shelly material is found in the southern portion of the Mid-Reach.  Soft bottom species 
such as kingfish and sand drum feed extensively on infaunal invertebrates.  In the surf 
zone, mole crab (Emerita talpoida) and beach clam (Donax sp.) are key invertebrate 
prey species.   
 
 
2.3.2 Water Column 
 
The water column of the area overlays the nearshore and surf zone portions of the 
project area.  Important attributes of the water column include hydrodynamics, 
temperature, salinity, and dissolved oxygen (DO).  The hydrodynamic regime is driven 
mostly by persistent ground swells generated by low pressure systems (i.e., tropical and 
extra-tropical cyclones).  The persistent wave energy resuspends fine sediments into 
the water column for extended periods.  A nearby wave gauge at Melbourne Beach, 
Florida recorded maximum wave heights for April, May, and June 2005 as 2.31, 1.57 
and 1.61 m, respectively.  As a result of the persistent waves, the project area’s water 
column is continually turbid, which prevented complete visual sampling of the Mid-
Reach hard bottom as well as aerial photography during spring and summer of 2005.  
 
Salinity data for the project area are not available.  However, because coastal inlets are 
a considerable distance from the Mid-Reach (13.5 mi from Canaveral Inlet to the 
northern Mid-Reach FDEP Monument R-75.3 and 18.5 mi from Sebastian Inlet to the 
southern Mid-Reach FDEP Monument R-118.3), the effects of inshore tidal water 
discharges on salinity are likely minimal during most seasons.  With persistent wave 
energy and constant mixing, DO also is expected to be within normal ranges to support 
fish assemblages.  Temperature should follow a seasonal pattern, with peaks in 
summer and lows in winter.  However, upwellings of cold water during the summer 
season could cause unseasonable changes in nearshore water temperature. 
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3.0  ASSESSMENT OF IMPACTS AND MITIGATIVE MEASURES 
 
 
3.1 IMPACTS TO EFH 
 
Impacts to EFH are expected because of the extent of nearshore hard bottom present 
along most of the Mid-Reach project area.   The primary impact-producing factors for 
both the NED Plan and the LPP are turbidity and sedimentation.  
 
3.1.1 Turbidity 
 
Turbidity can affect feeding, movements, and respiration in fishes.  Many fish species 
are primarily visual feeders, and the fishes reactive distance decreases when turbidity 
reduces light penetration (Vinyard and O’Brien, 1976).  Light scattering caused by 
suspended sediment also can affect a visual predator’s ability to perceive and capture 
prey (Benfield and Minello, 1996).  Some fishes have demonstrated the ability to 
capture prey at various turbidity levels, but the density of prey and amount of light 
penetration are important factors (Grecay and Targett, 1996).  Some species will 
actively avoid and/or be attracted to turbid water.  Experiments with pelagic kawakawa 
(Euthynnus affinis) and yellowfin tuna (Thunnus albacares) showed that these species 
would actively avoid experimental turbidity clouds, but that they also would swim directly 
through them during some trials (Barry, 1978).  Gill cavities can be abraded and 
clogged by suspended sediment, preventing normal respiration and mechanically 
affecting food gathering in planktivorous species (Bruton, 1985).  High suspended 
sediment levels generated by storms have contributed to the death of nearshore and 
offshore fishes by clogging gill cavities and eroding gill lamellae (Robins, 1957).  High 
concentrations of fine sediments can coat respiratory surfaces of the gills, preventing 
gas exchange (Wilber and Clarke, 2001). 
 
Understanding and predicting effects of suspended sediments on fishes requires some 
information on the range and variation of turbidity levels found at a project site prior to 
dredging (Wilber and Clarke, 2001).  Range and variation of turbidity will depend greatly 
on the nature of the sediment in the borrow areas to be transported to the DMMA 
(Wanless and Maier, 2007). 
 
Prior experience with dredging the CS-II borrow area and hydraulic placement of the 
sand to Brevard County beaches by direct pump-out or via a nearshore rehandling area 
complied with state and federal laws and regulations, resulting in no violations of state 
water quality standards.  Compliance turbidity levels have averaged less than 4.3 
nephelometric turbidity units (NTUs) above background (vs. state allowance of 29 NTU 
above background).  These numbers represent temporary turbidity levels associated 
with plumes during construction.  There were no significant differences in granulometric 
qualities among samples from the borrow area, hopper dredge (transit), or in place on 
the beach berm (Olsen, 2002), suggesting that there was not a significant loss in fine-
sediments during excavation and transfer of the borrow material that would otherwise 
indicate substantial turbidity or sedimentation outside the project shoreline area. 
 



 

19 

As measured by vibracore samples and direct sampling of material placed on the 
beach, the physical characteristics of the offshore sand source material conform closely 
to those of the native beach, which is a fine to medium grain sand with variable 
carbonate and coarse shell content.  The typical composite profile median grain size is 
approximately 0.3 to 0.35 mm, with carbonate fractions ranging from 16% to 54% (about 
38% on average).   
 
The median grain size of the CS-I borrow area ranges from about 0.18 to 0.3 mm (about 
0.27 mm on composite average), with sieves typically less than 3% finer than #200 and 
#230.  The median grain size of the CS-II borrow area ranges from approximately 0.3 to 
0.4 mm (about 0.34 mm on composite average), with average carbonate fraction of 
about 39%.  The fine sediment content of the material is less than 2% to 3% by core-
boring and less than 0.5% (finer than #200 sieve) measured in-place on the beach. 
 
Measured turbidity within visible plumes from previous direct hydraulic discharge of the 
beach fill to Brevard County beaches – along the North Reach, South Reach, and 
Patrick Air Force Base in 2000 to 2001 and 2005 – has never exceeded state water 
quality standards.  The average compliance values were less than approximately 4.0 
NTU above background.  After construction, it is not anticipated that fill material will be 
suspended during wave action and contribute to chronic turbidity across the nearshore 
rock to any extent greater than the existing beach sediment.  Overall, the fill material is 
generally as coarse or coarser than the native material, with similar carbonate/small-
shell content (~40%).  The fill material exhibits a fine-sediment content of less than 
0.5% (finer than #200 sieve), as measured in place on the beach berm.  This is equal to 
or less than the fine-sediment content of the sampled native beach material, which 
averaged between 0.47% (berm samples) and 0.99% (composite profile samples).  
 
There is no indication that the fill material will result in increased turbidity across the 
nearshore profile.  In contrast, there are abundant, significant existing data that indicate 
the placement of the proposed fill material will not increase turbidity across the 
nearshore profile.  Fill material is not reasonably anticipated to be suspended during 
wave action or to contribute to chronic turbidity over the adjacent reefs to any extent 
greater than the existing conditions.  Analogous activity involving mechanical (truck-
haul) placement of sand fill at the dune and upper beach face along the Mid Reach and 
Patrick AFB shorelines, using sand from the same sources as the proposed activity, 
resulted in no observed or measured elevation of turbidity relative to natural levels, 
during or after placement of the material. 
 
During placement and spreading of the beach fill material by mechanical means, 
periodic visual observation of the nearshore water for turbidity will be made.  Visual 
observation indicating elevations in turbidity relative to natural areas, will require 
turbidity measurement as follows:   

• Measurement at the surface and approximately 1 m above the seabed every 6 
hours during daylight hours while activity is occurring; 
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• Background at minimum 1,640 ft (500 m) upcurrent from the point at which 
discharged water or sand fill enters surface waters in the opposite direction of the 
prevailing current flow and clearly outside the influence of any turbid plume; 

• Compliance at not more than 500 ft (150 m) downcurrent from the point at which 
discharged water or sand fill enters surface waters in the densest portion of any 
visible turbidity plume; and 

• Samples collected at the same distance offshore. 
 
Measurements of compliance turbidity levels exceeding 29 NTU above background will 
require that operations be modified or halted and actions taken to ensure that turbidity 
levels are less than the 29-NTU limit.  Measurements indicating turbidity levels 
approaching the 29-NTU limit will require that more frequent turbidity measurements be 
made. 
 
These observations indicate that if the material used for the proposed projects is 
composed of sand with similar qualities, then turbidity will not adversely affect EFH in 
the project area.  
 
 
3.1.2 Sedimentation 
 
Sedimentation caused by the proposed action will be sand placement on the beach that 
immediately covers the inshore margin of nearshore hard bottom along the entire Mid-
Reach project area, resulting in adverse impacts to EFH.  Both proposed plans will 
result in equal levels of habitat burial, but they are discussed separately below.  
 
The dune fill will be placed mostly or wholly above the normal wave zone by truck-haul.  
Based on the small volume of proposed fill and its placement above the wave zone as 
well as the monitoring of prior analogous activities, no significant adverse impacts to the 
nearshore rock are anticipated from this activity. 
 
The initial sand placement by truck-haul during beach fill activities will extend 
approximately to or just below the MLWL, resulting in some direct (immediate) burial of 
the landward-most edge of part of the existing exposed nearshore rock during 
construction.  Subsequent equilibration will spread some of the placed fill seaward, 
resulting in additional burial of landward portions of the nearshore rock along and below 
the low water shoreline.  The thickness of the equilibrated sand-fill across the nominal 
existing seabed is anticipated to be about 12 in. at the low water line, decreasing to zero 
thickness in the seaward direction.  The vertical relief of the existing rock outcrops 
varies between about 30 in. and 1 in. (i.e., nearly flush with the seabed); therefore, the 
degree to which the landward portions of the nearshore rock might be buried by sand 
will vary.   
 
The anticipated impacts to the existing nearshore rock hard bottom are summarized in 
Table 1.  This summary includes the entire Mid-Reach region (Reaches 1 through 6) 
and describes both the NED Plan and the LPP.  Beach profiles illustrating the proposed 
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fill placement, equilibration, and anticipated impacts to nearshore rock for the NED plan 
and the Locally Preferred (LP) Plan are depicted in Figure 3 and Figure 4, respectively. 
 
After initial equilibration of the placed fill, the NED Plan’s potential impact to exposed 
nearshore rock along Reaches 1 through 5 is predicted to be about 3.0 acres, based on 
June 2004 resource mapping.  As the advance fill erodes and the beach width retreats, 
rock potentially buried by the sand fill placement will become increasingly re-exposed.  
When the sand fill recedes to the design condition (between 10-ft and 30-ft advance of 
the high water line along Reaches 1-3 and Reach 5) -- in the interval before 
renourishment, about 3-years after construction – the anticipated impact to the rock 
resource is predicted to be approximately 1.8 acres along Reaches 1 through 5.  This 
accounts for alongshore diffusion of the fill and erosion of the advance fill. 
 
The Locally Preferred (LP) Plan’s total potential impact to exposed nearshore rock is 
also predicted to be about 3.0 acres, based on June 2004 resource mapping.  When the 
truck-hauled sand fill recedes to the design condition (between 10-ft and 20-ft advance 
of the high water line along Reaches 1 through 5 – just before renourishment, about 3 
years after construction – the total anticipated impact is predicted to be approximately 
1.6 acres.  This likewise accounts for alongshore diffusion of the fill and erosion of the 
advance fill. 

 
Little or no impact to exposed nearshore rock is anticipated along Reach 6 – along the 
northern 7200-ft of the Mid Reach – in either the NED or LP Plans.  Fill placement along 
this reach is proposed as dune fill only.  Monitoring conducted since 2005 pursuant to 
conservation recommendations of the NMFS has indicated no impacts or burial of 
nearshore rock associated with prior, equivalent dune fill activities along the Mid Reach 
or Patrick Air Force Base (Olsen 2007b, 2008; see also Appendix SEIS-I). 
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Figure 3.   Schematic illustration of typical project beach fill in the NED Plan relative to the 

existing beach profile and nearshore rock.
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Figure 4  Schematic illustration of typical project beach fill in the Locally Preferred Plan relative 
to the existing beach profile and nearshore rock. 
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3.2 PROPOSED MITIGATIVE MEASURES  
 
The NED Plan and Locally Preferred Plan include construction of artificial reef 
structures in the nearshore waters along the project shoreline to mitigate anticipated 
adverse environmental impacts to the existing nearshore hard bottom.  The proposed 
reef structure will consist of articulated concrete mats with an integral coquina-rock 
surface.  An example structure, illustrated in Figure 5, consists of nine experimental 
blocks constructed by Brevard County.  The mitigation reef is designed to replicate the 
physical appearance, texture, relief, and function of the existing nearshore rock 
resource as closely as practical, while respecting aspects of constructability, hydraulic 
stability, and geotechnical considerations. 
 
 

 
Figure 5. Sample portion of an articulated mat reef mitigation structure 

prototype proposed for the project.   
 
Each articulated reef mat will consist of approximately 18 cable-connected blocks.  
Each mat would be about 8-ft x 15-ft x 1-ft and comprise about 90 linear ft of valleys 
(ridges) between blocks and adjacent mats. See Figure 6.  In total, 42 mats (in 6 rows 
and 7 offset columns) would be placed adjacently – along with two additional “top-layer” 
mats along the landward edge to form an overhanging ledge.  This would constitute one 
“set” of 44 mats.  Each set of mats would create about 0.15 to 0.16 acres of hard bottom 
structure.  Approximate alongshore locations of reef “sets” are illustrated in Figure 1.  
Final details, dimensions, and alongshore locations of the mitigation reef structures will 
be determined through the reef structure’s final design. 
 
Each set of mats would be placed on the sand seabed at ambient depths between 
about -14.4 ft and -15.6 ft mean low water (MLW) (i.e., approximately centered along 
the -15-ft MLW contour and located about 1,000 ft from the MLW shoreline).  At 12-in. 
nominal relief (and 24-in. maximum relief along the landward edge), the coquina surface 
of the reef units would lay in water depths between -12.4 ft MLW and -14.6 ft MLW.   
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Figure 6. Schematic illustration of individual blocks, articulated mats, and lay-out of mats 

composing one set of structure in the project’s mitigation reef. 
 
 

-SHORE 

BASE 

TOP 'EDGE' LAYER (lAID ATOP 
SHOREWARD EDGE OF BASE LAYER) 

DETAIL 

GEOTEXTILE AND/OR j 
GEOGRID/GEOTEXTILE COMPOSITE 

UNDERLAYER, TYP. 

olsen associa tes. inc. 

PLAN VIEW: TYPICAL REEF MAT CONFIGURATION 
(WITH TOP 'EOGE' LAYER SHOWN) 

__ , 

62 ± 
(VARIES) 

~ 
0 10 20FT 

ISOMETRIC VIEW: 
INDIVIDUAL MAT 



 

26 

 
Between three and five sets of mats would be spaced 50 to 60 ft apart along the -15-ft 
contour to form a reef-group.  These reef-groups would be spaced on the order of 400 
to 9000 feet apart to create the requisite total area of reef mitigation along the shoreline.   
 
The specific geometry of the mats within and between each set will be determined by 
considerations of marine construction equipment, seabed depth and tides, and the 
objective of installing the reef as shallow as possible.  The geometry and alongshore 
spacing of reef units considers the natural patch dynamics of nearshore hard bottom.  
The alongshore spacing is similar to that of the existing hard bottom along the southern 
Mid-Reach.  It is intended to create a corridor of readily traversed (yet semi-isolated) 
reef patches proximate to the existing non-impacted rock.   
 
Jointly, considerations of hydrodynamic stability, construction access, historical sea 
conditions, natural seabed profile fluctuation, and potential hazards to public safety 
indicate that seabed depths of about -14 ft mean low water line (MLWL) or deeper 
(equating to approximately -17.3 ft North American Vertical Datum) represent the 
shallowest practical limit of reef construction at this location (Olsen, 2007a).  Prior 
deployment of prototype structures along the Mid-Reach in the same water depths as 
proposed for the project’s mitigation reef indicated the recruitment of Phragmatopoma 
lapidosa (worm rock building polychaete) and establishment of macroalgae in 
abundance and type generally similar to that observed on the existing nearshore hard 
bottom along with fish and other invertebrates (Holloway-Adkins and McCarthy, 2007; 
McCarthy and Holloway-Adkins, 2007).  
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4.0  CONCLUSIONS 
 
 
The Brevard Mid-Reach area supports EFH for several federally managed species and 
species groups.  The most important habitat within the project boundaries is the 
nearshore hard bottom  feature that extends along much of the Mid-Reach project area, 
followed by the water column and level sand bottom.  The two proposed actions will 
impact EFH through turbidity and sedimentation.  Effects of turbidity on EFH and 
managed species (and their life stages) will be adverse, but not significant.  This 
evaluation is based on past experience with the sand from the source area (Canaveral 
Shoals), its sedimentary characteristics, and general lack of chronic turbidity following 
placement on the beach suggest only temporary effects.  If sedimentary characteristics 
of the sand were to change, then turbidity effects could be significant.  
 
Sedimentation or direct burial of nearshore hard bottom following the placement, 
mechanical spreading, and subsequent diffusion of sand will result in an adverse and 
significant impact.  The maximum burial expected is 3.0 acres, approximately 11% of 
the overall hard bottom feature along the Mid Reach (or about 7% of the overall feature 
including Patrick AFB), and the extent of the burial will be along the landward edge.  
The impacts are anticipated to be temporal, decreasing from 3 acres to 1.8 acres or less 
between the project’s renourishment activities in approximate 3-year intervals. 
 
Although the two plans propose to fill 3.0 acres of nearshore hard bottom, the applicants 
will provide compensatory mitigation in the form of 4.8 acres of artificial reef constructed 
to mimic the structure and substrate of the natural hard bottom.  This was determined 
through consideration of both Habitat Equivalency Analysis (HEA) and Uniform 
Mitigation Assessment Method (UMAM), and assuming a perpetual, complete, and 
constant impact of 3.0 acres to the nearshore hard bottom.  Based on pilot studies of 
algae and invertebrate colonization, epibiota on the artificial reef is expected to recover 
rapidly.  Fishes should colonize the artificial reef rapidly as well.  Thus, adverse impacts 
will be offset by constructing the artificial reef.  The success of the mitigation reef is 
contingent upon engineering stability of the structure as well as inherent biological 
variability. 
 
Mitigation reefs proposed for this project cannot be assumed to replace all ecological 
functions for the same suite of species or life stages that exist on natural reefs in 
shallower water.  There are likely species-specific differences in sensory perception to 
water depth, wave energy, light penetration, turbidity, and other factors that may be 
different at the proposed mitigation site.  In addition to these deterministic factors, there 
is an element of uncertainty associated with the colonization of newly available 
substrate by marine organisms that leads to variability and unpredictability.  
Nevertheless, an estimate of the fraction of the macroalgal, invertebrate, and fish 
species present at the impact site that will ultimately reside on the mitigation reefs 
located 300 to 400 m offshore is 75%.  Over time, this will lessen the significance of the 
initial adverse impact affected by direct burial of the landward edge of the hard bottom 
feature.  Detailed discussion of the anticipated functional loss and functional gain 
associated with the biotic community and habitat at the impacted (nearshore hard 
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bottom) and mitigation reef features is presented in CSA et al. (2006, 2008) and 
Appendix K - Subappendix G. 
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Assessing larval recruitment of the polychaete Phragmatopoma lapidosa on 

subtidally deployed structures off Satellite Beach, Florida 

 

Daniel A. McCarthy and Karen Holloway-Adkins  

August 20, 2007 

 

 

OBJECTIVES & HYPOTHESES 

 The primary objective of this project is to determine whether the polychaete 

Phragmatopoma lapidosa (also known as P. caudata) will recruit on deployed sets of 

settlement plates in ~4.6 m depth off Brevard County, Florida. A secondary objective is to 

assess whether recruitment varies with height above the sea floor bottom, orientation, or 

chemical coating of the settlement plates.  

 

Objective 1: To determine whether P. lapidosa will recruit to structures deployed at ~4.6 m 

depth off Brevard County, Florida.    

Hypothesis 1A. There will be at least 20% coverage of P. lapidosa recruitment 
      on deployed settlement plates.  
 

Objective 2: To determine sources of variation in P. lapidosa recruitment.  

Hypothesis 2A. Worm recruitment will be highest at the deepest settlement plates. 

Hypothesis 2B. Worm recruitment will be highest on the southern facing  plates.  

Hypothesis 2C. Worm recruitment will be highest on plates coated with Butylated 
Hydroxytolulene (BHT). 

 

METHODS 

To test the stated hypotheses, three 100 cm x 100 cm x 70 cm UV-stabilized white 

polyethylene PALM (Propagule and Larval Measurement) boxes were deployed in a 

triangular arrangement on the sandy bottom off Satellite Beach (lat/long = 028o 09.600’ N, 

080 o 34.950’ W), Florida in ~4.6 m of water. The PALM boxes were designed to provide the 

structure for the settlement plates. They were constructed of white, UV stabilized, 

polyethylene material (SeaboardTM, Austin Industries, Melbourne, Florida) and measured 59.0 
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cm high by 91.4 cm wide. The box was secured to a concrete base that raised the boxes off the 

seafloor another 20.3 cm.  Prior to deployment; 122 cm long screw anchors were jet pumped 

into the sand, by divers on SCUBA, approximately 0.5 m from each side of the future location 

of the PALM boxes. Two cm diameter nylon line was threaded through u-bolts on the side 

panels of the boxes and secured to the screw anchors, to further stabilize the units. The boxes 

were transported to the site by a 24’ skiff and hoisted into the water with a davit that was 

secured to the bow of the boat.  The coordinates for the location of each PALM unit were 

recorded, and a surface float (Styrofoam crab trap buoy) was attached with a line to a screw 

anchor, to identify the underwater location of each of the PALM boxes. 
 

 On each PALM box, fifteen 10 cm x 10 cm x 1.5 cm limestone settlement plates were 

vertically attached on the North, East, West, and South face of the PALM box. Each plate was 

secured with a stainless steel screw through the center. In order to examine the importance of 

chemical cues in affecting recruitment, five of these plates were coated with Butylated 

Hydroxytolulene (BHT) dissolved in Isooctane (at a concentration high enough to leave ~ 

3µg/cm2 of a BHT residue), five were coated with Isooctane, and five were non-coated 

(control).  On each face of the PALM box three rows of five plates were attached on the outer 

surface of the box at 0.35, 0.5, and 0.65 m from the sea floor bottom.  

 

 The PALM boxes were deployed for two time periods. The first deployment occurred 

on May 24, 2006, and plates were recovered on July 8, 2006. The second deployment also 

took place on July 8, 2006 with boxes being recovered on May 5, 2007.  

 

 At the end of each time period, plates were recovered from each box and taken back to 

the JU laboratory where encrusting species were positively identified, and the percentage 

cover of P. lapidosa recruits on each plate was determined by random point analysis of digital 

photographs of each plate. Treatment means were computed, and for each time period, 

separate nested ANOVAs were used to compare P. lapidosa recruitment with a) chemical 

treatment (control, Isooctane, Butylated Hydroxytolulene (BHT) dissolved in Isooctane), and 

b) either Height (3 levels) or c) Plate orientation (4 levels) nested under PALM box (3 levels). 

Data were arcsine transformed to meet the assumptions necessary to run the ANOVA. 
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RESULTS AND DISCUSSION 

 

Objective One 

During the first plate deployment, comprising 45 days, all three boxes had a fairly high 

amount of recruitment of the polychaete Phragmatopoma lapidosa (caudata) (Fig 1.).  

Several individual worms were positively identified as P. lapidosa using the Kirtley (1994) 

key. All clusters of worm recruits formed “live” carpet-like encrustations that occupied, on 

average, greater than 20% of the plates on all boxes (Fig. 1).  The worm coverage among the 

PALM boxes was significantly lower for Box One (x = 24.3%; s.d. = + 19.9) than Box Three 

(x = 43.4%; s.d. = + 22.16) (Table 1). Box Two (x = 33.0%; s.d. = + 19.7) was statistically 

equal to both Box One and Two. While only a few worm lengths were measured, individual 

recruits ranged from 0.8 to 9 mm in size. Such a range of sizes suggests that multiple 

settlement events occurred during this experiment. Finally, other encrusting species were 

encountered on the plates, which included 2 bryozoan, 1 polychaete, 1 bivalve, 2 barnacle, 

and 1 hydrozoan species. 

 

 During the second plate deployment, comprising approximately 300 days, a high 

amount of natural sediment deposition occurred in the area with many of the plates being 

buried. Sediment had to be physically removed in order to remove the PALM boxes from 

their stations. Upon examination, a number of the plates were stained black as a result of the 

anoxic conditions they were likely exposed to. Regardless, we attempted to quantify 

recruitment of the encrusting organisms on the plates. 

 

There was a relatively low recruitment of the polychaete P. lapidosa (Fig 2.). Few live 

individuals were found although the tubes encountered occupied 1-6 % of the surface area of 

the plates. The worm coverage among the PALM boxes was generally similar with values 

being 4.0 % (s.d. = + 5.5), 5.7 % (s.d. = + 7.9), and 1.5 % coverage (s.d. = + 3.1) for Boxes 

One, Two and Three respectively. Finally, other encrusting species were generally more 

prevalent during this time period with 3 bryozoan, 1 polychaete, 3 bivalve, 3 barnacle, 3 

tunicate, and 1 hydrozoan species being encountered on the plates. 
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Objective Two 

 Plate height.   There was generally more P. lapidosa recruitment on plates recovered 

in July 2006 than in May 2007 (Figs. 3 & 4).  During the first time period, there was a trend 

that more recruitment occurred on plates closest to the sea floor bottom (Table 1). 

Recruitment on the top (most shallow) row was 24.1 % (s.d. = + 18.3) while that on the 

middle and bottom rows was 32.9% (s.d. = + 22.2) and 43.7 % (s.d. = + 25.2), respectively. 

During the second time period, this trend was less drastic: recruitment on the top row was 

2.42 % (s.d. = + 4.6), while that on the middle and bottom rows was 2.70 % (s.d. = + 4.45) 

and 5.9 % (s.d. = + 6.3), respectively (Table 2). 

 

While the exact reason for higher recruitment occurring near the sea floor bottom is 

unknown, it may be that turbidity and/or current levels at this height may not be conducive to 

larval settlement or post-settlement survival. Regardless, this result is logical, since most adult 

worm mounds are not frequently encountered on the upper edges of high relief hard bottom 

areas (McCarthy, pers. observation). They are much more common either on the tops of low 

relief areas or on the edges close to the sea floor bottom.  

  

Plate orientation.  Phragmatopoma lapidosa recruited equally on all sides of each 

PALM box for both time periods sampled (Figs. 5 & 6). During the first time period, 

recruitment varied between 20.6 and 57.2 % with no significant differences found for 

orientation (Table 1). During the second time period, recruitment varied equally among all 

sides of the PALM boxes (Table 2) with values ranging between 1.07 and 8.8 percent cover. 

 

Chemical treatment.   Phragmatopoma lapidosa recruited equally on all plates 

regardless of chemical treatment (Tables 1 & 2). During the first deployment, recruitment 

occurred equally on BHT, Isooctane and control plates with values of 35.2 % (s.d. = + 23.5), 

33.6 % (s.d. = + 19.0), and 32.1 % (s.d. = + 21.0), respectively (Fig. 1). No statistically 

significant differences in overall chemical treatment were encountered during the second 

deployment. In this case, recruitment on BHT, Isooctane and control plates was 4.1 % (s.d. = 

+ 6.3), 3.5 % (s.d. = + 6.6), and 3.6 % (s.d. = + 6.1), respectively (Fig. 2).  
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SUMMARY 

 

We found that Phragmatopoma lapidosa recruitment varied considerably for the two 

time periods sampled. During the May to July 2006 time period P. lapidosa was the dominant 

encrusting organism recruiting in fairly high, yet variable, levels. Most P. lapidosa worms 

encountered on the settlement plates were alive and in a range of sizes indicating multiple 

cohorts of recruitment. Additionally, encrusting species such as bryozoans, hydrozoans, 

ascidians and barnacles were also encountered frequently on the settlement plates. During the 

July 2006 to May 2007 time period, the PALM boxes were partially buried with sediment 

with high mortality of recruits of various species of encrusting organisms. Phragmatopoma 

lapidosa recruitment was very low, with most of the observed recruits on the plates being 

bivalves and barnacles. For both time periods, there was a trend that P. lapidosa recruitment 

was lowest on plates at the rows furthest from the sea floor. Otherwise, P. lapidosa 

recruitment occurred equally on plates regardless of chemical treatment and plate orientation.  

 

In conclusion, recruitment of P. lapidosa did occur to artificially deployed structures 

off the Brevard County coast in mean water depths of approximately 4.6 meters (15 ft). The 

variation in recruitment between sampling periods may be because of: 1) differences in time 

the plates were deployed, and/or 2) natural seasonal fluctuations in larval availability. The 

general lack of significance among the experimental treatment means are probably a result of 

local hydrodynamic and/or turbidity conditions that consistently and dramatically fluctuate.  

These fluctuations likely are continually creating favorable conditions for the settlement of P. 

lapidosa larvae regardless of the effect of plate orientation, height and chemical treatment.  
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Table 1. Nested analyses of variance comparing the July 2006 percent cover of 
Phragmatopoma lapidosa among PALM box plates (BOX) nested under chemical treatments 
(CHEMICAL), and A) plate orientation (ORIENT), and B) height off the sea floor 
(HEIGHT). Data were arcsine transformed in order to meet the assumptions of ANOVA. 
 
A)  
 

                                                          Analysis of Variance 

 

                  Source             Sum-of-Squares   df    Mean-Square     F-ratio       P 

 

                  CHEMICAL                   0.020       2        0.010                  0.178       0.837 

                 BOX (CHEMICAL)        1.689       6        0.281                  5.023       0.000 

                 ORIENT (BOX 

                 (CHEMICAL)                 2.000      26        0.077                 1.373       0.124 

 

                  Error                               8.012    143       0.056 

 

B)  
 

                                                          Analysis of Variance 

 

                  Source             Sum-of-Squares   df    Mean-Square     F-ratio       P 

 

      CHEMICAL                   0.045       2        0.023                  0.407      0.666 

       BOX (CHEMICAL)        1.725      6        0.287                  5.151       0.000 

          HEIGHT (BOX 

     (CHEMICAL)                 1.585    18        0.088                  1.577       0.072 

 

Error                                     8.427   151        0.056 
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Table 2. Nested analyses of variance comparing the May 2007 percent cover of 
Phragmatopoma lapidosa among PALM box plates (BOX) nested under chemical treatments 
(CHEMICAL), and A) plate orientation (ORIENT), and B) height off the sea floor 
(HEIGHT). Data were arcsine transformed in order to meet the assumptions of ANOVA. 
 
A)  
 

                                                          Analysis of Variance 

 

                  Source             Sum-of-Squares   df    Mean-Square        F-ratio            P 

 

                  CHEMICAL                   0.001         2         0.001                  0.133         0.876 

  BOX (CHEMICAL)        0.067          6         0.011                 2.934          0.010 

                  ORIENT(BOX 

                  (CHEMICAL)                0.106        27         0.004                  1.035          0.427 

  

                   Error                              0.545       143        0.004 

 

 

B)  
 

                                                          Analysis of Variance 

 

                  Source             Sum-of-Squares      df     Mean-Square        F-ratio          P 

 

  CHEMICAL                   0.001              2        0.001                   0.166          0.847 

                  BOX (CHEMICAL)     0.064              6        0.011                   2.940          0.010 

                  HEIGHT (BOX 

                 (CHEMICAL)                0.095            18        0.005                   1.449          0.117 

  

                 Error                               0.556           152        0.004 
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Fig.1. A comparison of mean percent cover of P. lapidosa, for the first time period, 
among A) box and chemical treatment, and B) overall chemical treatment. The BHT 
treatment on Box 3 was found to be significantly different than the same treatment on 
Box 1 (p < 0.001). Otherwise, there were no significant differences.
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Fig. 3. A comparison of mean percent cover of  P. lapidosa, for the first time period, 
among box and chemical treatment for the A) top, B) middle, and C) bottom rows of the 
PALM  boxes. There were no significant differences for height.  
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Box and orientation of recruitment
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Box and orientation of recruitment
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Fig. 6.  A comparison of mean percent cover of  P. lapidosa, for the second time period, 
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The Recruitment of Macroalgae on Subtidally Deployed Structures off the 
Coastal Waters of Brevard County, Florida 

Karen. G. Holloway-Adkins and Daniel A. McCarthy 

August 30, 2007 
 
Introduction 
 
This report presents the results of the deployment of settlement plates for the 
central purpose of assessing potential recruitment of macroalgal species on 
deployed structures in the subtidal sand bottom areas off the coast of Brevard 
County, Florida. Our goal was to determine whether algae would grow in this 
subtidal sandy bottom area, and if recruitment is influenced by substrate type. 
 
Our specific hypotheses were to determine whether: (a) macroalgae would recruit 
and grow in 4.6 m (15 feet) of water, and (b) recruitment would vary with substrate-
type.  
 
Methods 
 
To test our hypotheses, we deployed replicates of four different types of settlement 
plates composed of: pure coquina rock, limestone tiles, concrete, and concrete with 
chunks of coquina pressed into the surface.  Plates were approximately 10 cm x 10 
cm x 2 cm thick. The limestone plates (LI) were cut from limestone tiles (Showcase 
Design Marble and Granite, Ft. Pierce, Florida), the pure coquina (PC) originated 
from an upland source of quarried coquina (Pt. St John, Florida), and the mixed 
concrete (MC) was crushed coquina added into concrete. The chunk coquina (CC) 
was concrete that had 1-2 cm sized pieces of coquina partially pressed into the top 
of the plate before it dried.  
 
These plates were deployed via attachment to pre-constructed boxes that we called 
PALM (propagule and larval measurement) boxes. Settlement plate types were 
randomly arranged on the top panel of the PALM boxes and each one was secured 
with a stainless steel screw through the center. The PALM boxes were designed to 
provide the structure for the settlement plates. They were constructed of white, UV 
stabilized, polyethylene material (SeaboardTM, Austin Industries, Melbourne, Florida) 
and measured 59.0 cm high by 91.4 cm wide. The box was secured to a concrete 
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base that raised the boxes off the seafloor another 20.3 cm. Prior to deployment; 
122 cm long screw anchors were jet pumped into the sand, by divers on SCUBA, 
approximately 0.5 m from each side of the future location of the PALM boxes. Two 
cm diameter nylon line was threaded through u-bolts on the side panels of the 
boxes and secured to the screw anchors, to further stabilize the units. The boxes 
were transported to the site by a 24’ skiff and hoisted into the water with a davit that 
was secured to the bow of the boat.  The coordinates for the location of each 
PALM unit were recorded, and a surface float (Styrofoam crab trap buoy) was 
attached with a line to a screw anchor, to identify the underwater location of each of 
the PALM boxes. 
 
The PALM boxes were placed approximately 250 m from shore in 4.6 m of water 
(Figure 1). The south PALM unit (box 1) was deployed at latitude 28o 09.586’ N and 
longitude 80o 34.937’ W.  Box 2, the north box, was deployed at latitude 28o 
09.637’ N and longitude 80o 34.951’ W.  Box 3 was placed mid-way between the 
two and slightly more inshore at 28o 09.612’ N and 80o 34.964’ W. There was 
approximately 60 m linear distance between boxes 1 and 3, and between boxes 2 
and 3.  Boxes 1 and 2 were approximately 100 m apart. 
 

The PALM Boxes were deployed from May 24, 2006 to May 5, 2007 (346 days). 
Several times during the study, the boxes were examined (via the use of SCUBA) 
where photographs were taken, and the tips of algal species were collected for 
identification in the laboratory. Additionally, an attempt was made to determine the 
conspicuous invertebrate and fish species that were present near the boxes. When 
the PALM boxes were recovered, the settlement plates were removed and placed in 
pre-labeled bags and refrigerated until analyzed.   
 
The percent cover of red, green & brown algae was determined for each box and 
substrate-type combination using grid analysis (Coyer et al., 1999). First, the plates 
were individually photographed with the box and substrate information.  Then, a 
100 square grid with 1 cm squares was used to calculate percent cover of 
encrusting organisms (Figure 2). A 10 cm x 10 cm grid was placed over the plate, 
and the presence of algal, tunicate, bryozoan and hydroid species was recorded for 
each square (n = 100), using a Bausch and Lomb stereoscope. Algae were 
identified to the lowest taxonomical level possible. Free-living invertebrates were 
photographed and preserved for future identification.  
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Figure 1. General location of the 3 PALM (propagule and larval measurement) boxes 

that were deployed approximately 250 m from the shoreline of Satellite Beach in 

Brevard County, Florida. 
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Figure 2. Grid overlaid on a limestone settlement plate for 

percent cover analysis. Species of algae, bryozoans, tunicates 

and hydroids were identified from a 10 cm2 area of the grid for 

each plate.  

 
Total percent cover (TPC) for all algae, percent cover of red and green algae, and 
species composition of TPC were calculated using the following equations:  
 
Total Percent Cover (TPC)   =   total squares with algae         x 100% 
           total squares (n=100 x number of plates) 
 
Percent Cover of Red   =   total squares with red (or green) algae  x 100% 
(or Green) algae       total squares (n=100 x number of plates) 
 
Percent cover of a specific    =   mean of total squares of a species    x 100%  
species of algae        total squares with algae 
 
Means were computed for each tested factor, and separate one-way analyses of 
variance were used to test our hypotheses using the dependent variable (percent 
cover of red and green algae) with substrate (4 levels) nested under PALM box (3 
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levels), and p < .05 being used to assess treatment significance. The multiple 
comparisons-Bonferroni test was used to determine specific treatment differences 
Data were transformed to meet the assumptions necessary to run the ANOVA.  
Specific algal species were analyzed using Kruskal-Wallis and Mann-Whitney tests 
since data could not meet the assumptions of ANOVA .  
 
Results  
 

Field Visits of the PALM Boxes  
PALM boxes were initially visited 45 days (July 2006) after deployment.  During this 
time, hydroids and bryozoans appeared to dominate the plates.  No obvious 
macroalgae were observed.  A number of conspicuous fish and invertebrate 
species were observed during this visit (Appendix I).  Some of the more abundant 
species were Atlantic spadefish (Chaetodipterus faber), white grunts (Haemulon 
plumieri), and sea bass (Serranus sp.).  
 
PALM boxes were visited 141 days after deployment (Oct 2006).  During this visit, we 
videoed and took still photographs of the boxes.  Additionally, we extracted small 
pieces of attached macroalgae to determine which species were growing on the boxes. 
However, the most dominant encrusting species at this time appeared to be branched 
and unbranched hydroids, and the bryozoan, Bugula neritina.  Conspicuous species 
of algae observed during the dive were Caulerpa prolifera and Bryocladia cuspidata 
(Figure 3). After the collected pieces of algae were examined in the laboratory, a total 
of seven species of algae were positively identified from the PALM boxes (Table 1).  
 

Table 1. Species of macroalgae identified growing on settlement plates of the 

PALM (propagule and larval measurement) boxes in Brevard County, Florida 

on October 13, 2006 (141 days after initial deployment). 

  

Red Algae  (Rhodophyta) Green Algae (Chlorophyta) 
Bryocladia cuspidata Bryopsis plumosa 
Ceramium sp. Caulerpa prolifera 
Gelidium pusillum  
Spyridia sp.  

Wrangelia sp.   
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a.           b. 

     

c.     d.          e. 

Figure 3. Macroalgae found growing on the PALM (propagule and larval measurement) boxes on 

October 13, 2006; (a) Bryocladia cuspidate (arrow) and Caulerpa prolifera (in the circle), (b) 

Ceramium or Polysiphonia sp.(c) Bryocladia cuspidata, (d) Ceramium sp., and (e) Polysiphonia sp. 

Images 3a and b were photographed in situ. Images 3 c, d, and e were photographed in the lab.
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On a third visit (February 2007), we attempted to retrieve the PALM boxes.  
However, each one of them had undergone significant burial by sediment. The 
accretion of sand was highest on the eastern face of the boxes where only the top 
15 - 20 cm of the boxes remained exposed. While we attempted to extract the 
boxes using a combination of hand digging, shoveling and a lift bag, these efforts 
failed. 
 
The boxes remained similarly buried when we returned on May 5, 2007 (346 days 
after deployment). However, during this visit, we were able to remove the boxes 
through a combination of jet pumping using a centrifugal pump, and use of a 136 kg 
(300 lb.) lift bag. All plates and boxes were taken back to the laboratory for 
processing and analysis. 
 
Percent cover of red and green algae 
The total percent cover (TPC) of algae was 24.7% (+ 14.3 SD). No species of 
Phaeophyta (brown algae) were found growing on the plates. The TPC for red and 
green algae overlapped. For example in some cases, red and green algae were 
both present in one square of the grid.  This resulted in a combined percent cover 
of 26.7% (+ 16.8 SD), red algae percent cover was 17.8% (+ 12.2 SD), and green 
algae percent cover was 8.9% (+ 9.9 SD). Seventeen different species of 
macroalgae, eleven rhodophytes and six chlorophytes, were identified growing on 
the settlement plates (Table 2). Polysiphonia sp. (23.7%, + 23.3 SD), Bryocladia 
cuspidata (17.3%, + 15.2 SD), and Chaetomorpha sp. (13.9%, + 12.8 SD) were 
species with the highest percent composition of the TPC (Table 2).  
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Table 2. Species percent composition of the total percent cover (+ one standard deviation) for species 

of macroalgae identified on settlement plates from the PALM (propagule and larval measurement) 

boxes (n = 3) Brevard County, Florida on May 5, 2007 (346 days after initial deployment). 

  
Red Algae  (Rhodophyta) 

Percent 

Cover 
SD + Green Algae (Chlorophyta) 

Percent 

Cover 
SD + 

 

 Polysiphonia sp. 23.7% 23.3 Chaetomorpha sp. 13.9% 12.8  

 Bryocladia cuspidata 17.3% 15.2 Ulva sp 10.8% 13.0  

 Centroceras clavulatum 11.2% 12.0 Cladaphora sp. 4.7% 8.2  

 Ceramium sp. 10.8% 19.0 Enteromorpha flexuosa paradoxa 2.5% 4.6  

 Gelidium sp. 1.9% 4.6 Bryopsis plumosa 1.4% 3.5  

 Hypnea sp. 0.9% 2.8 Caulerpa prolifera 0.1% 0.9  

 Jania sp. 0.3% 1.4     

 Chondria sp. 0.3% 1.4     

 Gracilaria sp. 0.1% 0.5     

 Lomentaria baileyana 0.1% 0.8     

  Gelidiopsis sp. 0.1% 0.5        

 
Macroalgal cover among plate types  
No significant differences were detected for the total percent cover of algae or for 
divisions of red or green algae growing on different plate types (α = .05; Figures 4 
and 5, and Table 3a, b, and c). The mean percent cover of macroalgae for 
limestone (LI) plates was 26.4% (+ 18.8 SD), 24.6% (+ 9.8 SD) for pure coquina 
(PC), 24.0% (+ 12.5 SD) for chunk coquina, and 23.9% (+ 14.4 SD) for mixed 
concrete (Figure 5).  
 
There was a trend (while not significant) for 5 of the 6 green algal species where the 
mean percent cover was higher on limestone plates for 5 of the 6 species observed. 
Red algal species with percent covers < 10.0 % did not show a pattern of greater 
recruitment to any specific plate type. 
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Figure 4. Box plot illustrating quantiles of total percent cover of algae data by 

settlement plate material (Plate Type). The bold black line indicates the 50th 

percentile (median), and the red box encompasses 50% of the data, from the 25th to 

the 75th percentile. The vertical lines extend from the 10th to the 90th percentile. No 

significant differences were detected at α = .05 level for total percent cover of algae 

on different plate types.  
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Table 3. Analysis of variance comparing total percent cover of macroalgae (a.), percent of red 

algae (b.), and percent green algae (c) for plate type (n = 4) and plate type nested within PALM 

(propagule and larval measurement) boxes (n = 3) retrieved June 5, 2007 (346 days in situ). 

Asterik (*) indicates significant differences were detected at α = .05 level. 

 

a.           

ANOVA           

Dep. var. = log TPC   n = 63 Multiple R: 0.505 

Squared multiple R: 

0.255 

Source              Sum-of-Squares df Mean-Square F-ratio  P 

Plate Type     0.012 3 0.004 0.06 0.981 

Box (Plate Type)      1.14 8 0.143 2.135 0.049 

Error                  3.405 51 0.067     

      

b.           

ANOVA           

Dep. var. = log red algae    n = 63 Multiple R: 0.669 

Squared multiple R: 

0.448 

Source              Sum-of-Squares df Mean-Square F-ratio  P 

Plate Type     0.08 3 0.027 0.411 0.746 

Box (Plate Type)      2.599 8 0.325 5.027 0.000 

Error                  3.295 51 0.065     

      

c.           

ANOVA           

Dep. var. = log green algae    n = 63 Multiple R: 0.423 

Squared multiple R: 

0.179 

Source              Sum-of-Squares df Mean-Square F-ratio  P 

Plate Type     0.482 3 0.161 1.018 0.392 

Box (Plate Type)      1.254 8 0.157 0.994 0.452 

Error                  8.04 51 0.158     
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Figure 5. Percent cover of red and green macroalgae on settlement plate types (+ SD). 

No significant differences for red or green macroalgal cover were detected among plate 

type at α = .05 level.  

 

 

Macroalgal cover on plate types among PALM boxes  
Significant differences were detected for the TPC of macroalgae on settlement 
plates among the PALM boxes (Table 3a). Post hoc Bonferroni analysis revealed 
that box 3 (34.3 + 5.1 SD) had significantly higher TPC of macroalgae than boxes 1 
(28.8 + 4.7 SD) and 2 (28.9 + 7.2 SD). Significant differences were also detected for 
red algae cover for plate types among the boxes (Table 3b). Box 3 had a 
significantly higher percent cover of red algae (28.5%, + 2.5 SD) than the other 
boxes (F = 22.12, p < .0001). No significant differences were found for green algae 
at the box (plate type) level (Table 3c).  
 
The percent cover of specific algal species varied between the boxes to some 
degree (Figure 6). The dominant species among boxes (i.e., Polysiphonia sp., Ulva 
sp., Chaetomorpha sp. and Bryocladia cuspidata) were similar to the overall percent 
composition described earlier in Table 2.  
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Figure 6. A comparison of percent cover of dominant algal species on settlement plates on each PALM (propagule and larval 

measurement) boxes after their retrieval on May 5, 2007 (346 days in situ). 
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Twenty-two motile and sessile invertebrate species were found on the settlement 
plate and box surfaces. They represent eight species of arthropods, two annelids 
three cnidarians, three bryozoans, and six mollusks (Appendix II).   
 
Discussion 

Our results indicate that macroalgae can successfully recruit on artificial structures 
in the sandy subtidal regions off Brevard County, Florida. Our results also indicate 
that the recruitment of macroalgae is not significantly different on the substrate 
materials we tested. We found variation in percent cover among the boxes deployed 
with the total and red algae recruitment being higher on one of the boxes than the 
other two. These differences are most likely attributable to natural variability of 
recruitment that is found with marine organisms. Further, no brown algae were 
observed growing on the plates during the course of this experiment 
 
Macroalgae observed on the settlement plates were generally small in size. The 
reason for this is unknown. There was no indication that the forms observed were 
generated by fragmentation of existing plants. The size and condition of most of the 
macrophytes on the settlement plates indicate they most likely propagated via spore 
recruitment, which has been experimentally proven to require more time for growth 
than generation by fragmentation (Dethier et al., 2003). A likely explanation is that 
the algal recruits were newly settled and may have not had enough time to grow into 
a large size by the time they were collected. Another possibility is their growth may 
have been impacted by herbivorous animals (i.e., green turtles, juvenile fish and 
invertebrates) and/or stunted by sedimentation. During the plate analyses, we 
photographed examples of what has been previously documented as mechanical 
damage from grazers (Amsler, 2001) on the margins and thallus of Hypnea sp. and 
Ulva sp. (Appendix III).  
 
Some of the same macroalgae species observed in the local intertidal and shallow, 
subtidal zones by Continental Shelf Associates (2005), were also found on the 
settlement plates during this study (Appendix IV). During our plate analysis, we 
identified six of the fifteen red, and three of the five green algal species found during 
that study. Common species between our two studies were Ulva sp., Bryocladia 
cuspidata, Centroceras sp., Gelidium pusillium, and Gracilaria sp.   
 
Similarly, some of the same macroalgae species observed in our study were found 
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in a study on green turtle diets conducted during 2004-2005 (Holloway-Adkins and 
Provancha, 2005; Appendix V). Eleven of the macroalgae and four of the 
invertebrate species that recruited on the settlement plates were previously 
identified in the diets of juvenile green turtles captured over the nearshore reef. A 
conspicuous difference between our study and both of these other studies is that we 
did not encounter any brown algae on our settlement plates. 
 
In summary, we conclude that a number of species of macroalgae (and some 
encrusting invertebrates) are capable of recruiting on deployed structures in 4.6 m 
depth in Brevard County, Florida. We found several species of red, green of 
macroalgae (no brown algal species were encountered). Considering the time of 
deployment, many of the encountered species recruited fairly quickly within 141 
days. Finally, the percent cover of total, green or red macroalgae remained 
consistent regardless of the material used yet sometimes varied among the boxes 
that were deployed.   
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APPENDIX I.   Fish and Invertebrate Species List for July 8, 2006 
 

 

 

Table I-1. Fish species observed on and around the PALM boxes while diving July 8, 2006 (45 days 

after deployment). 

    

Common Name Genus Species 

Sand perch Diplectrum formosum 

Sea bass Serranus sp. 

Spotted drum (juvenile) Equetus sp. 

Molly miller Scartella cristata 

Hairy blenny Labrisomus nuchipinnis 

Clingfish Gobiesox sp. 

Hairy blenny (juvenile) Labrisomus nuchipinnis 

Saddled blenny Malacoctenus triangulatus 

Atlantic spadefish Chaetodipterus faber 

Porkfish (juvenile) Anisotremus virginicus 

Leopard sea robin Prionotus scitulus 

Clingfish G. strumosus 

White grunt Haemulon plumieri 

Tomtate Haemulon aurolineatum 

Lane snapper Lutjanus synagris 
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Table I-2. Invertebrate species observed on and around the PALM boxes while diving July 8, 2006 

(45 days after deployment). 

    

Common Name Genus Species 

ARTHROPODA   

Barnacles Balanus sp.  

Peppermint shrimp Lysmata wurdmanni 

Mud crabs (including Cuban stone crab) Menippe spp. 

ANNELIDA   

Sabella worm Sabellaria sp. 

Sabellariid worm Phragmatapoma lapidosa  

CNIDARIA   

Hydroid zoanthid   

Unbranched hydroid  

Sun zoanthid   

MOLLUSCA   

Atlantic strawberry cockle Americardia media 

BRYOZOA   

Bugula (bryozoan) Bugula neritina 
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APPENDIX II. Invertebrate Species Found on PALM Settlement Plates  
from May 5, 2007 

 

Table II-1. Sessile and motile invertebrate species found associated with or growing on settlement 

plates from PALM boxes retrieved on May 5, 2007 346 days in situ). 

    

Common Name Genus Species 

ARTHROPODA   

Barnacles  Balanus sp. 

Pink acorn barnacle Megabalanus sp.  
Mud crab Panopeus herbsti 
Stone crab species Menippe spp. 
Bigclaw snapping shrimp Alpheus heterochaelis 
Basket stars Ophiothrix 
Skeleton shrimp Caprella sp. 
Sea spider  Pycnogonida 

ANNELIDA    

Sabella worm Sabellaria floridensis 
Sabellariid worm Phragmatapoma lapidosa  
CNIDARIA   
Feather hydroid Halocordyle sp. 
Hydroid Bougainvillia rugosa 
Sea pansy Renilla reniformis 
BRYOZOA   

Colonial tunicate Didemnum sp. 
White crust bryozoa Membranipora tenuis 
Bugula (bryozoan) Bugula neritina 
MOLLUSCA   

Cerith shell Cerithidae 
Gem clam Gemma gemma 
Coquina clam Donax sp. 
Borer clam Diplothyra sp. 
Oysters  

Atlantic strawberry cockle Americardia media 
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APPENDIX III.  Evidence of Grazing on Macroalgae from PALM Settlement Plates 
(photographs from May 5, 2007, 346 days after deployment) 

 
 

      

    1a.             1b.  

 
       1c. 

Figure III-1. Evidence of herbivory on macroalgae: (a) Ulva sp. with margin chewed, 

(b), Hypnea sp., tips cropped and new growth present on one branch, and (c) Ulva sp. 

signs of grazing on margin and center of thallus. 
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APPENDIX IV.  Species of Macroalgae identified within the Mid Reach Project area 
in July/August 2005 by CSA (2005) 

 
 

Table IV-1. Species of macroalgae identified within the Mid Reach project area in July/August 2005 

by Continental Shelf Associates (2005) identified from 14 video transects. 

            

  Division  Genus species       

 Chlorophyta     

  Ulva lactuca  *  

  Bryopsis plumosa  *  

  Caulerpa prolifera  *  

  Caulerpa racemosa    

    Codium decorticatum       

 Phaeophyta     

  Dictyota pinnatifida    

    Padina gymnospora       

 Rhodophyta     

  Scinaia complanata    

  Gelidiopsis planicaulis  *  

  Dudresnya crassa    

  Halymenia floresia    

  Gracilaria tikvahiae  *  

  Solieria filiformis    

  Agardhiella subulata    

  Gelidium pusillum  *  

  Centroceras clavulatum  *  

  Bryocladia cuspidata  *  

  Chondria capillaris  *  

  Chondria dasyphylla curvilineata    

  Chondrocanthus acicularis    

  Laurencia intricata    

    Laurencia poiteaui       

* indicates this species (or Genus sp.) were found on settlement plates on PALM boxes. 

 



 



  
  

21

APPENDIX V.  Species of Macroalgae identified from lavage samples from 
green turtles captured adjacent to nearshore rock resources along the Mid 

Reach 2004-2005 by Dynamac (2005) 
 

Table V-1. Species of algae identified from lavage samples from green turtles captured adjacent to 

nearshore rock resources along the Mid Reach during 2004-2005 (Dynamac 2005). 

              

  Division  Genus species         

 Chlorophyta      

  Chaetomorpha spp.  *   

  Chaetomorpha linum     

  Cladaphora spp.  *   

  Ulva spp.  *   

  Ulva lactuca     

    Caulerpa prolifera   *     

 Phaeophyta      

    Padina gymnospora         

 Rhodophyta      

  Bryocladia cuspidata  *   

  Gelidium spp.  *   

  Gelidium pusillum  *   

  Ceramium sp.  *   

  Centroceras clavulatum  *   

  Gracilaria tikvahiae  *   

  Gracilaria mammillaris     

  Hypnea spp.   *   

  Hypnea valentiae     

  Chondria spp.  *   

  Chondria dasyphylla      

  Agardhiella subulata     

  Dudresnya crassa     

  Laurencia spp.     

  Jania adhaerens  *   

  Chondrocanthus acicularis      

* indicates this species (or Genus sp.) were found on settlement plates on PALM boxes. 
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Practical Consideration of Depth for the Construction of Nearshore 
Mitigation along the Mid Reach Coastline of Brevard County, FL 

 
 
1.0  Introduction 
 
The following summarizes the principal physical considerations that limit or influence 
the seabed depths in which artificial rock-reef structures may be practically constructed 
along the Mid Reach shoreline of Brevard County, Florida.  The reef structures are 
proposed as mitigation for anticipated impacts (sand burial) of portions of existing 
nearshore rock hardbottom that occur immediately along the shoreline.   
 
The existing rock outcrops are typically exposed at seabed depths of approximately +1 to 
-4 ft MLW, and generally range from about  ~0” to ~18” in vertical relief above the sand 
seabed.  The mitigation reef structures are proposed for construction at existing seabed 
depths of between -14.5 and -15.5 ft MLW, and are expected to range from about ~6” to 
~20” in vertical relief above the sand seabed, more or less.  The proposed mitigation is to 
construct about 4.8 acres of artificial reef, relative to an estimated project impact of about 
3 acres. 
 
Principal factors of consideration include the following: 
• Geotechnical 
• Existing rock locations and gaps 
• Hydrodynamic stability and storm impacts 
• Effect upon littoral processes 
• Construction access 
• Seabed (profile) stability 
• Public safety and liability 

Many of these factors overlap and/or require joint consideration, and are discussed below. 
 
 
2.0  Geotechnical 
 
Sub-bottom mapping and probing1 indicate that the existing nearshore rock reef strikes 
sharply downward in elevation along its seaward, exposed edge.  Probings within 70 feet 
seaward of the exposed rock, at seabed elevations of -3 to -6 ft MLW, exhibited rubble or 
rock stratum at 3-ft to 6-ft below the sand seabed.  But beyond this margin, no firm 
stratum was found within 10 feet below the seabed.  These data indicate that essentially 

                                                 
1 “Sub-bottom Mapping of Nearshore Rock along the Mid Reach Shoreline of Brevard County, FL” Report 
prepared by Olsen Associates Inc., Morgan & Eklund Inc., and Sonographics Inc., for Brevard County Nat. 
Res. Mgt. Office.  October 16, 2005.  This report was included in the Applicant’s response to RAI #1. 
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any mitigation structure constructed seaward of the existing rock reef will require 
placement of a stable foundation.  To preclude use of a foundation, mitigation structures 
must be placed immediately along the seaward edge of the existing reef and must be also 
expected to scour (drop) at least 3 to 6 ft, or more, into the seabed (presuming that the 
underlying stratum is regular and structurally sound to support any structure).  However, 
as discussed below, construction access to this narrow margin along the the reef, at any 
significant scale, is not practical. 
 
 
3.0  Existing Rock Locations and Gaps 
 
Along the proposed truck-haul fill area (where proposed beach fill will not encroach 
significantly upon the existing exposed rock) there are few or no areas that feature 
significant alongshore gaps in the nearshore rock reef -- wherein reef structure might be 
placed in very shallow water -- at least north of about R103 or R105.5.  Between this 
limit and the northern limit of Reach 1 (R109), there are several apparent gaps in the 
exposed rock that total on the order of 1000 to 1400 lineal feet alongshore, or less.   
There are longer gaps in the exposed rock along Reach 1, where the overall rock 
occurrence is least abundant. 
 
Land (beach) based heavy-equipment, working at low tide, might practically reach 
between 40 and 60 feet from shore at most.  So, along a total shoreline length of between 
1000 and 1400 feet, a 40- to 60-ft swath equates to a maximum planform area of between 
1 and 2 acres at most.  Erection of reef mitigation structures across such an area would 
require that 
1) essentially all of the existing sandy (“no rock”) subtidal beach area along this mile of 

shoreline, more or less, would be occupied with rock structures that significantly 
interfere with wading/recreational access to the surf – and that public/private assent 
would be given for such work 

2) the structures would be stable in these shallow depths but not cause adverse littoral 
impact, and 

3) public safety and liability issues were waived in conjunction with placement of 
submerged structures in shallow waters used for wading and swimming. 

As described below, none of these three considerations are practical.   
 
These same issues practically limit the placement of mitigation structures along the 
landward edge of the existing rock reef.  This consideration is additionally complicated 
in that the predicted impacts from the proposed beach fill activity will occur along the 
landward edge of the rock reef. Thus, constructing mitigation structures along the 
landward edge of the existing rock reef would be placing the work within (and subject to) 
the impacts of the project that are intended to be mitigated. 
 
 



February, 2008 Page 3 of 21 olsen associates, inc. 

4.0   Hydrodynamic Stability and Storm Impacts 
 
Assessment of the hydrodynamic stability of the proposed mitigation structures was made 
using Dean’s stream function wave theory and consideration of a design storm event 
along Brevard County.  The predicted stability of any structure in this regard, in any 
depth range, must consider such storm events and the associated forces. 
 
Conditions for the ‘severe’ (design) storm event were adapted from wave data collected 
about 5 miles south of the Mid Reach during Hurricane Jeanne in 2005.  Throughout an 
approximate 18-hr period of peak storm energy on 9/26/07, using a bottom-mounted 
gauge in normal seabed depths of about 25.6-ft MLLW, Dally & Osiecki2 measured 
sustained significant wave heights of about 12.5-ft and 13-second period, with alongshore 
currents of about 3 ft/second in varying still water depths of about 30.8 feet.  Tides and 
surge averaged about 5-ft above chart datum.  Transformed to breaking conditions (by 
linear theory), this equates to an outer breaking wave height of about 14 feet in 18-ft 
water depth. 
 
To compute the design stability of a structure, the drag, inertial and lift forces on the 
structure are computed from stream function for the design wave height, period and 
steady currents indicated above.  The wave kinematics and forces are computed for a 
range of water depths (e.g., between 30 feet and breaking), as waves pass over the 
structure by phase angle.  For these combined forces, the maximum coefficient of seabed 
friction – required to resist net dislocation of the structure – is computed.  The extent to 
which the requisite coefficient of friction is greater than, or less than, that which is 
theoretically achievable indicates the instability or stability, respectively, of the structure.  
For concrete structures deployed on a sand seabed, the maximum ‘achievable’ coefficient 
of friction is taken as 0.58, based upon the literature and prior experience. 
 
After iterations for optimization of design, the proposed reef mitigation structures consist 
of articulated concrete-block mats (with surficially exposed coquina rock) with nominal 
outer dimensions of 16.3-ft by 8-ft by 1-ft height. 3 The weight of each mat is estimated 
as between 6.4 and 7.2 tons (in air), equating to between 7135 and 8064 pounds 
(immersed).  For the design storm conditions, this configuration yields a requisite 
coefficient of seabed friction that increases from between 0.21 and 0.25 in 30-ft water 
depth to between 0.42 and 0.54 at wave breaking in 18-ft water depth.  The latter 
approaches the point of incipient instability, beyond which the hydrodynamics of wave 
breaking obviate the applicability of the non-linear stream-function wave theory.  
Computed for a single block within the mat (nominally 1.5’ x 1.5’ x 1’ high), the 
requisite coefficients of friction, and estimated seabed stability, are similar to that of the 

                                                 
2 Dally, W. R. and D. A. Osieki, 2005.  “Nearshore Wave and Current Measurements During Hurricane 
Jeanne.”  Shore and Beach.  Vol. 73, Number 2-3.  pp. 29-33. 
 
3 Hydrodynamic force coefficients on the structure are estimated as Cd=1.5, Cm=1.09, and CL=0.5. 
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total articulated mat.  Increasing the dimensions and weight of the blocks and mats, at or 
beyond the point of wave breaking, increases the corollary forces and does not result in a 
net increase in stability.   
 
In sum, the practical limit of hydrodynamic stability of the structures occurs at the point 
of incipient wave breaking of the design storm –– which occurs at a still water depth of 
about 18 feet.  As described above, this design case is based upon measured wave 
conditions from Hurricane Jeanne in 2005, which is variously ascribed as representing a 
20- to 25-year event (more or less).4  Given the site’s average tide range of about 4 feet, 
and without allowance for surge or wave set-down (-0.7 ft) at breaking, a design water 
depth of 18 feet equates to a design seabed elevation of about -14 ft MLLW -- or, 
approximately, about -16 ft NGVD -- as the minimum depth limit for stable deployment 
of reef structure from a standpoint of the hydrodynamic forces. 
 
5.0  Effect Upon Littoral Processes 
 
Clearly, rock mound and similar gravity structures can be built in very shallow water 
(surf zone) environments.  Examples include groins, jetties and breakwaters.  But these 
structures require large units (nominally on the order of at least 5- to 7-ft boulders in the 
present case (5 to 15 tons)) typically placed in a consolidated sloping mound.  Such 
structures – placed either from the land in very shallow depths (akin to a groin) or in 
depths of 8- to 14-feet (akin to a semi-submerged breakwater) – would disrupt the wave 
field and attendant littoral processes.5  Specifically, the net result to the shoreline would 
be similar to that of a groin or weak breakwater.  This would potentially result in two 
adverse functions:  (1) disrupting the natural alongshore movement of sand along an 
otherwise mostly uninterrupted strand, and (2) potential formations of impoundments or 
salients that promote seaward advance of the beach sand and additional burial of 
nearshore rock.  Neither outcome is desired or beneficial in terms of the project or overall 
resource management. 
 

                                                 
4 This may be a non-conservative estimate.  For example, significant wave heights recorded at NOAA buoy 
41009 in deep water offshore of Cape Canaveral, exceeded 17 feet during at least 5 events during the last 
seven years.  Offshore wave heights during the recent subtropical storm Andrea, on May 8-9, 2007, reached 
18 feet, during which visual estimates of the breaking heights along the Mid Reach exceeded 12 feet height.  
Thus, the occurrence of 14-ft breaking wave heights, such as measured during H. Jeanne, is probably much 
more frequent along Brevard County than is represented by a 20- to 25-year return period event. 
 
5 For example, consider the requirements for a submerged rock mound in 8-ft water depth (MLLW).  At 
high tide, plus 1’ surge allowance, the corresponding maximum water depth and breaking wave height are 
13 ft and 10.1’, respectively.  For typical quarried limestone per the Hudson Formula (KD=1.5 at 1v:2h 
slope, 140 lbs/cf), and a 15% damage allowance (H/HD=0 = 1.17), the requisite boulder size is 9 tons, or 
about 5.8-ft nominal diameter per stone.   Deployment of a minimum 2-layer required thickness (2 x 5.8 = 
11.6’) would create a structure that exceeds the 8’ water depth by 3.6-ft at low tide.  This would 
significantly shelter the shoreline from waves.  Likewise, the analogous boulder requirement for a 
submerged mound in 12-ft water depth (MLLW) is 20.6 tons, or 7.7-ft diameter per stone.  The height of a 
minimum 2-layer structure would be 15.4 ft, which would similarly broach the water surface. 
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6.0  Construction Access 
 
From the Beach.  Construction of large-scale marine structures by heavy equipment 
operated from the beach requires that the work be limited to within about 60 feet or less 
of the low tide shoreline, more or less.  As described in Section 3.0, this does not provide 
means by which to construct the requisite reef structure.  To extend beyond this distance 
from shore practically requires (1) temporary placement of a sand or rock bund, (2) 
temporary installation of large trestles, or (3) tracking over (and crushing) the existing 
rock reef.  The first two alternatives are often used to provide temporary construction 
access for heavy equipment into the water.  In the present case, the first alternative 
(bunds) would bury adjacent rock by imported sand or by the alongshore impoundment 
of existing sand.  The second alternative (trestles) would fracture the existing, underlying 
rock reef by the large-diameter pilings that must be driven into the seabed to support the 
trestles.  A single trestle built from shore can usually reach to less than about 50-ft to 
either side, thus creating less than 100-ft of alongshore structure.  The third alternative 
(track-over) is generally applicable only up to about 3 to 4-ft water depth where there is 
mostly calm seas and hard substrate.  As noted, it fractures or crushes the substrate below 
the equipment tracks.  Mats decrease the fracture; but in the present case of near constant 
surf, the physical action of the mats against the rock reefs would damage the rock.  In 
short, construction access from the beach for heavy equipment is not practical in this 
instance. 
 
From the Sea.  Construction access from the sea along the Mid Reach is confounded by 
the site’s distance from safe harbour and the pervasive high surf.  The nearest harbour, 
for construction staging and refuge, is Port Canaveral – located between 15 and 21 miles, 
one-way, north of the Mid Reach work area.  (Sebastian Inlet is equidistant to the south, 
but is less well suited for staging heavy equipment.)  This distance is significant.  It 
requires several hours for transit, mooring etc., to reach or flee the work site as seas 
dictate.  Anticipated equipment would include a derrick/crane barge and storage barge (or 
the two would be combined), and tugboat or workboat.   
 
The general area – from Cocoa Beach through Satellite Beach and Indialantic -- is well 
known for its consistent, high swell.  It is not coincidental that multi-time world surfing 
champions Kelly Slater, Lisa Anderson, and others, grew up surfing in this area.   
 
At the Mid Reach site, both the distance to harbour and the intensity of swell set the 
project distinctly apart from other reef mitigation sites in Florida.  Additive to these two 
problems is the lack of sub-bottom substrate offshore of the Mid Reach coupled with 
chronically limited, near-zero underwater visibility.  The lack of substrate requires that 
marine foundations be installed.  Installation of foundations, particularly in low-visibility 
water, create a significant additional complication to reef construction because of the 
additional time, equipment, and precision that is required for the foundations -- versus 
simple placement of boulders upon the seabed in relatively calm and/or clear waters.  
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Overall, the constructability of nearshore reef construction projects in south Florida or the 
Gulf of Mexico is not comparable to the Mid Reach.   
 
Experienced marine and dredging contractors who are familiar with the Mid Reach 
coastline have each, independently, cited a reasonable minimum working depth of not 
less than about 14 ft (MLLW) for the scale and mass of the proposed reef construction, 
with depth of 16 ft or greater preferred.  Coupled with the area’s 4-ft tide range, this 
practically allows for the Contractor to work the shallowest areas (14’) at mid to high tide 
and to work the deeper areas (16’) at low tide.6  Even employing a jack-up barge for 
installation, the reef materials (mats etc.) must be transported and delivered to the site, 
such that depth and sea considerations are still relevant. 
 
In general, a significant wave height of 2-ft or less is a reasonable proxy for the 
maximum swell in which a marine contractor would schedule or conduct vessel 
operations for the present work.  Work in 3-ft seas is mostly infeasible. Additionally, it is 
critical that the low wave heights will dependably span at least 2 full days, and preferably 
several days.  Obviously, concurrent winds and wave period are also important – as is the 
exact nature of the equipment and construction task that is being considered – but the 
wave height considerations listed above are of initial, fundamental importance.  As seas 
rise, the ability to work in shallow water declines sharply.  At issue is not only the wave 
surge – but also the risk of losing moorings, anchoring or other control of a vessel when 
in such shallow water.  That is, in shallow water, closer to shore, the margin of physical 
space and water available to maneuver and recover control of a large vessel – before it 
becomes dangerously and/or intractably lost to the surf – is of paramount concern. 
   
The wave climate along the Mid Reach was considered through fifty years of six-hour 
hindcast wave data (July 1954-June 2004), developed in water depth of about -20 ft 
(NGVD)7, offshore of about R-106, as prepared for the Corps of Engineers.  The record 
included tropical storms and hurricanes.  Spectral transformation from deep water across 
the shelf included consideration of bottom friction dissipation, calibrated by measured 
wave data8.  The percent occurrence of significant wave height and peak period is 
summarized in Tables 1 and 2, following page, as considered by 6-hour intervals. 
 

                                                 
6 This depth limitation is consistent with prior experience with nearshore disposal of maintenance dredged 
material at Canaveral Harbor.  In about 1996, at Port Canaveral’s request, the Corps of Engineers required 
their maintenance dredging contractor to place suitable dredged material in nearshore depths of about -16 ft 
MLLW.  Prior nearshore disposal operations had been at about -19 ft MLLW or deeper.  Despite best 
efforts of the contractor, the attempt at shallower water disposal fared badly.  Scows and tugs sustained 
damage, and the ability to retain consistent control of the equipment so near to shore was problematic.  The 
effort was subsequently abandoned by the Corps, and nearshore disposal operations returned to about -19 ft 
MLLW.   
 
7 Precisely, -19.4 ft NGVD (-17.5 ft MLLW) 
 
8 W. Dally – personal communication 
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On annual average, significant wave heights are 2-ft or less only 25% of the year.  The 
three months of June-July-August are the most consistently calm – when, on 50-year 
average, the significant wave height is 2-ft or less for between 33% and 48% of the 
month.  (See Figure 1, below.)  The marine construction window for a reef construction 
project of this scale, offshore of the Mid-Reach, is pragmatically limited to between mid-
May and mid-September. 
 
Figure 2, following page, summarizes the duration, in days, of those periods during 
which wave heights are continually less than 2 feet, considered over a 50 year hindcast.  
Again, the months of June-August, on average, exhibited the longest spans of continuous 
calm seas:  4 to 5 consecutive days (versus 2½ days for the other months).  Of course, 
some years exhibit few or no periods of calm seas, including June - August.  Because the 
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Figure 1:  Monthly occurrence of waves less than 3 ft, 2 ft, and 1 ft in height computed from a 50-

year hindcast in approximately 18 ft water depth (MLLW) at the Mid-Reach, Brevard County.   
(In these figures, the value of Hmo is approximately equivalent to significant wave height.) 
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work requires many spans of several consecutive days with “calm” seas, the work is 
pragmatically limited to these few summer months.  And even then, from Figure 1, wave 
heights are 1-ft or smaller for less than 2% of the time, on average.  It is only during these 
near-flat conditions of 1-ft seas that one would consider working in the shallowest 
waters; and these periods comprise less than 2% of the work window. 
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Figure 2:  Length and number of “calm periods” when significant wave heights are 
consistently less than 2 ft along the Mid-Reach.   

(Computed in 18-ft MLLW water depth for fifty year hindcast record.) 
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The hindcast wave climate along the Mid Reach was contrasted with that along West 
Palm Beach and Fort Lauderdale.  For this purpose, coincident 20-year hindcast wave 
records were available, from 1980-1999.  The hindcast for these two south Florida WIS 
stations (#461 and #467, respectively) were transformed to about -20 ft NGVD water 
depth and evaluated in 6-hour intervals in order to match that of the Mid Reach wave 
database, from which the equivalent 1980-99 data were extracted for comparison. 
 
Figure 3 contrasts the average annual significant wave height and peak spectral period 
for the three hindcast stations.  On 20-year average, the Mid-Reach (Brevard) waves are 
significantly larger in height and longer in period than those of Palm Beach and Broward 
Counties. 
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Figure 3:  Comparison of average annual significant height and spectral peak period of 
waves in approximately 20-ft (NGVD) water depth along the Mid-Reach, West Palm 

Beach and Ft. Lauderdale shorelines. 
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Figure 4 contrasts the average annual occurrence of waves, by height, among the three 
locations.  Notably:   

 Both West Palm and Ft. Lauderdale exhibit about 20% of local waves at 1-ft height 
or less; but at the Mid-Reach, only 2% of the waves are 1-ft or less.  These are the 
periods when work in very shallow water (say, less than 16 ft) might be undertaken. 

 Both West Palm and Ft. Lauderdale exhibit about 32% of the waves at 1- to 2-ft 
height; but at the Mid-Reach, only 21% are in this class.  These are the periods 
when typical nearshore work would be scheduled or executed. 

Overall, these two ranges of wave-heights (2-ft seas or less) – representing “working” 
conditions -- comprise over half of the annual record at West Palm Beach and Ft. 
Lauderdale, but less than one-quarter of the annual record along the Mid Reach. 
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Figure 4:  Distribution of wave height occurrence at the Mid-Reach, West Palm Beach, 
and Fort Lauderdale, in 20-ft (NGVD) water depth from 20-yr hindcast wave data. 
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Figure 5 contrasts the average annual number of times per year that the wave heights 
remain at 2-ft or less for at least 4 consecutive days; i.e., ideal conditions for nearshore 
work.  The occurrence of these events at West Palm Beach and Ft. Lauderdale are about 
2- and 2-½ times greater than along the Mid Reach.   
 
Likewise, from Figure 6, it is noted that a 4-day long span of calm seas is likely to occur, 
on 20-yr average, at least once every month in Ft. Lauderdale (excepting Novmeber), and 
almost as often in West Palm Beach.  However, at the Mid Reach, a 4-day long span of 
calm seas occurs at least once per month in only two months; viz., June and July. 
 
 

 
 
 
 
 
 
 
 

Figure 5. 
Average annual number of 

times per year during which 
the significant wave height is 

2-ft or less for at least 4 
consecutive days. 

 
 
 

 

.   

 

 
 

 
Figure 6:  Average annual number of times per month during which the significant wave 

height is 2-ft or less for at least 4 consecutive days. 
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In coarse, day-to-day comparison of the hindcast wave heights at the three locations, 
conducted at 6-hr intervals over a 20-year period, there is no statistically meaningful 
correlation that is simply described.  Broadly, best-fit regression suggests that wave 
heights along the Mid Reach on any given day are 47% larger than along West Palm 
Beach and are 69% greater than along Fort Lauderdale; but, again, daily conditions at the 
Mid Reach are generally not statistically related to those at the south Florida stations. 
 
Overall, a fundamental observation here is that the nearshore sea conditions at Palm 
Beach and Broward Counties are distinctly different – calmer – than along the Mid 
Reach.  The construction of mitigation reef structures in shallow water along Palm Beach 
and Broward Counties is not evidence that such structures can be practically constructed 
along the Mid Reach.  Particularly in light of the greater distances that separate the Mid 
Reach site from the nearest port, the generally higher seas, and the less-frequent duration 
of calm-seas, the ability to safely and reliably work in very shallow nearshore waters is 
significantly more limited along the Mid Reach than in south Florida. 
 
 
7.0  Seabed Profile Stability 
 
Of additional consideration is the magnitude of the natural fluctuations in the seabed 
elevation at any proposed mitigation site.  It is recognized that the sand seabed amidst the 
existing nearshore rock reef fluctuates significantly, and that large portions of the reef are 
alternately exposed or buried.  Thus, some fluctuating burial or exposure of the 
mitigation reef is probably acceptable.   
 
Nonetheless, it is also recognized that placement of the reef structure on seabeds with 
greater natural fluctuation will increase the possibility of the structures’ burial.  Most 
simply, this is because the mitigation reefs (unlike the fixed, natural rock) are gravity 
structures.  Even though they are built upon, or composed of, marine foundations, they 
are mostly limited to downward movement.  To the extent that they may fall in elevation 
with an eroding seabed (if at all), they are not likely to rise with a subsequent accreting 
seabed. Thus, in a dynamic environment, the potential for long-term reef burial increases. 
 
To better ensure exposure of the reef structure in shallow water, it is therefore important 
to place it upon the seabed with the least fluctuation (i.e., greatest apparent stability).   
 
To assess this factor, the profile (seabed) history at three typical locations along the Mid-
Reach were considered:  at the north end (R76), middle (R97), and south end (R111).  At 
each monument, surveyed profiles were reduced to common datums and digitized at 10-ft 
horizontal intervals.  At each interval, the mean, minimum, maximum, and standard 
deviation of the seabed elevation were computed for each of the three profiles. (See 
Figures 7a, 7b, 7c, following pages.)  Between 6 and 12 profile-surveys were available, 
and used, for each monument – spanning 1993 through 2007. 
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Figure 7a:  Mean, minimum, maximum, standard deviation, and total vertical range 
(variation) of seabed elevation computed at 10-ft horizontal intervals for beach profile 

surveys at R76 [north end of Mid Reach]; 1993 – 2007. 
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Figure 7b:  Mean, minimum, maximum, standard deviation, and total vertical range 
(variation) of seabed elevation computed at 10-ft horizontal intervals for beach profile 

surveys at R97 [central  Mid Reach]; 1993 – 2007. 
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Figure 7c: Mean, minimum, maximum, standard deviation, and total vertical range 
(variation) of seabed elevation computed at 10-ft horizontal intervals for beach profile 

surveys at R111 [south end of Mid Reach]; 2002 – 2007. 
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Figure 8, below, illustrates the standard deviation of the measured seabed elevation as a 
function of mean seabed depth -- for each of the three Mid Reach profiles.   

 The least vertical deviation (seabed fluctuation) is consistently observed between 
about -19.5 and -24 ft NGVD elevation [-17.6 to -22.1 ft MLLW]:  about 0.45-ft or 
less; or, on the general order of typical survey uncertainties. 

 The second least seabed fluctuation, in shallower water, is at or deeper than about -
16 ft NGVD [-14.1 ft MLLW]: about 0.6 feet or less.   

 The seabed fluctuation increases dramatically in depths shallower than about -15 ft 
NGVD [-13.1 ft MLLW]:  quickly approaching and exceeding 1-ft or greater in 
standard deviation.   

These values are consistent with observations from annual beach profile monitoring 
surveys along Brevard County. These three profiles are not influenced by beach fill. 
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Figure 8:  Vertical deviation in seabed elevation as a function of mean seabed depth, 
computed from historical beach profiles at R76, R97, and R111 between 1993 and 2007. 
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This analysis would suggest that the most stable, shallowest depths for mitigation reef 
deployment are at or deeper than about -16 ft NGVD [-14.1’ MLLW], more or less.  This 
is also consistent with observations of reef deployments in other locations.  In Palm 
Beach County, for example, it is our understanding that historical performance of reef 
structures placed in shallower water (-12 to -16 ft) has been poorer than that in slightly 
deeper water [Dan Bates, personal communication].   
 
Regardless, from Figure 8, vertical seabed fluctuations on the order of at least 0.6 to 1.2 
feet can be statistically expected at seabed depths shallower than -16 ft NGVD along the 
Mid Reach.  To the extent that these fluctuations could adversely impact exposure of the 
mitigation reef, deployment in depths near or deeper than -16 ft NGVD appears prudent. 
 
 
8.0  Public Safety and Liability 
 
Purposeful placement of a man-made, irregular, submerged structure in an energetic, 
turbid environment that is customarily used for wading and swimming by people of all 
ages raises very significant questions regarding public safety and liability. 
 
The existing, naturally occurring nearshore rock, of itself, poses somewhat of a ‘hazard’ 
to swimmers along the beach.  Its presence results in unusual currents and turbulence, 
common (and painful) tripping hazards, and the potential for injury by entrapment or 
impact via wading, swimming, body or board surfing, etc.  However, it is a generally 
natural feature of the shore; and injuries therefrom might be reasonably attributed to 
expected environmental hazards of the shore. 
 
Similar injury caused by intentionally-installed, man-made structures cannot be attributed 
to nature.  Nearshore reef mitigation structures are unlike conventional coastal structures 
(e.g., groins, breakwaters, piers) because they are submerged.  In the turbid and energetic 
waters along the Mid Reach, submerged structures are essentially invisible.  Potential 
injuries associated with the structures could include drowning (due to claims of altered 
currents & turbulence, or by entrapment) and broken bones, laceration or contusions from 
brushed or traumatic impact with the structures; et cetera.  If erected in locations where 
the structure was readily accessible from shore, extraordinary levels of above-water 
signage, exclusion areas, buoys, or the like would be necessary, at minimum, to warn 
people of the structures’ presence.  Again, the requisite concerns are far greater for 
expansive, submerged reef structures (than for a groin or breakwater) because the 
structures cannot otherwise be seen and are not otherwise expected by a beach user. 
 
In common practice (as for, say, a beach resort), submerged seabed obstructions or other 
irregular, unexpected seabed features must be limited to areas that are reasonably beyond 
wading depth from shore.  Depending upon the allowance for waves and safety factors, 
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this depth may be at least 6- to 9-feet, at lowest tide.  But the Mid Reach shoreline poses 
an additional complication because of the popularity of surfing.   
 
Surfing, particularly in bigger wave conditions that are common to this area, means that 
people are accessing deeper water with greater chance of [unintentionally] encountering 
the seabed.  Surfers may be attracted to areas near mitigation reefs because of the 
perception (or slight possibility) that the broad, low-relief structures enhance the break.  
A surfer that attempts, and fails, to drop an 8-ft wave, for example, can often be pushed 
to the bottom, risking impact or entrapment by any structure thereupon.  An 8-ft wave 
will break in about 10-ft water depth.  This would suggest that structures should be at 
least 10 feet below the water surface to allow reasonable clearance for surfers in overhead 
conditions.  Allowing for a structure height of up to 1.5 ft off of the seabed, plus about 
0.5 ft of wave set-down (radiation stress), suggests that the structures should be placed in 
depths of at least 12 feet or greater at low tide, for consideration of 8-ft break. Of course, 
big wave surfers will ride higher waves that are known to occur on this coastline.  There 
is no established guidance in this specific matter; it is a function of prudent judgement. 
 
The potential hazard posed to the public by submerged reef structures along the turbid, 
high-energy surfing environment of the Mid Reach poses unique and site specific 
considerations.  Because of this known potential hazard to public safety, the design 
engineer is ethically bound to discuss this issue and bring it to the forefront of decision 
making.  Any public body involved in this project must be advised that there are specific 
liabilities associated with the submerged structures, regardless of whether or not beach 
users are educated as to their hazards.  This presents a paramount consideration for the 
submerged structures to be installed at depths greater than those that can be expected to 
be reasonably encountered by beach users; viz., waders, swimmers, surfers, et al.   
 
 
9.0  Summary 
 
 In summary, the following is concluded in regard to the practical depth limitations 
at which mitigation reef structures might be constructed along the Mid Reach shoreline: 

 consideration of hydrodynamic stability indicate that about -14.1 ft MLLW9 is the 
shallowest depth limit for stable deployment 

 consideration of construction access suggests that -14 ft MLLW is the shallowest 
depth for practical constructability (with -16 ft MLLW preferred) 

 consideration of seabed profile fluctuations suggest that the shallowest depth for 
reliable stable reef performance is about -14.1 ft MLLW, and 

 consideration of the potential liabilities and hazards to public safety presents a 
paramount argument for structures to be installed at depths greater than those 
encountered by beach users; e.g., on the order of -12 ft MLLW or deeper. 

                                                 
9 Equates to -16.0 ft NGVD 
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The preceding discussion also demonstrates that the constructability of reefs in shallow 
depths in south Florida does not apply to the Mid Reach of Brevard County.  In 
particular, the Mid Reach exhibits significantly greater wave heights, fewer periods of 
calm seas, and longer sailing distances to port than at Palm Beach and Broward Counties. 
Accordingly, the complexity and limitations of nearshore reef construction along the Mid 
Reach are far greater than along south Florida – where relatively long periods of calm 
seas and close proximity to port can allow for safe construction in very shallow water.  
 
In sum consideration, it is reasonably concluded that an appropriate minimum depth for 
the deployment of reef mitigation structures along the Mid Reach shoreline is 
approximately -14.1 ft MLLW (-16 ft NGVD) or deeper.  This does not mean that all of 
the reef structure can be placed in -14.1 ft MLLW depth.  As shown above, wave 
conditions along the Mid Reach are usually marginal (not ideal) for construction at best.  
Practical provision must be made to undertake useful construction (in slightly deeper 
water) when seas are “workable” but less than ideal.  
 
Additionally, to work practically in the limited weather windows that are available, reef 
structures must be installed in at least 100-ft to 200+ ft long shore-perpendicular “strips” 
that can be reached from a single, shore-perpendicular barge set-up.  In 14 to 16 ft water 
depths, the natural seabed slope is about 1:83.  Thus, a reef structure that extends 150 feet 
in east-west length, for example, will span about 1.8-ft in seabed depth.  Hence, a 150-ft 
long structure placed with its landward edge at -14.1 ft MLLW will have its seaward edge 
at -15.9 ft MLLW, as measured at the natural seabed.  On average, this structure would 
be centered along the -15 ft MLLW contour, more or less.  
 
The presently proposed mitigation plan calls for the construction of 100- to 180-ft long 
articulated-concrete reef mats centered along the -15 ft MLW contour; or, approximately 
spanning depths of -14.5 to -15.5 ft MLW.  Adjusting for the approximate 0.3-ft 
difference between MLW and MLLW, this corresponds to reef deployment in seabed 
depths of between -14.2 and -15.2 ft MLLW – which is consistent with the conclusions of 
the analysis described above. 
 
This paper has considered only practical engineering aspects of the reef mitigation 
structures.  Biological considerations are addressed in separate analyses10.  The 
                                                 
10 McCarthy, D. and K. Holloway-Adkins, 2007. “Assessing larval recruitment of the polychaete 
Phragmatopoma lapidosa on subtidally deployed structures off Satellite Beach, Florida.” Report prepared 
for Brevard County Natural Res. Mgt. Office.   August 20, 2007. 
 
Holloway-Adkins, K. and D. A. McCarthy, 2007.   “The Recruitment of Macroalgae on Subtidally 
Deployed Structures off the Coastal Waters of Brevard County, Florida.”  Report prepared for Brevard 
County Natural Res. Mgt. Office. August 30, 2007. 
 
Continental Shelf Associates Inc., East Coast Biologists Inc., and Olsen Associates Inc., 2006.  “Brevard 
County Mid Reach Shore Protection Project:  Mitigation Assessment Analysis.”  Report prepared for 
Brevard County Natural Res. Mgt. Office.   28 August 2006. 
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engineering requirements for reef construction in water depths of about -14 to -16 ft 
MLLW may be at least partly supported by recently completed investigations of biotic 
recruitment in these water depths.  Artificial structures deployed in about 15-ft water 
depths offshore of the Mid Reach (the “PALM” experiments) found significant 
recruitment of reef-building worms (Phragmatopoma lapidosa) with coverage matching 
or exceeding prior estimates of worm rock occurrence along the existing nearshore rock.  
Significant recruitment of macroalge was likewise identified, including red and green 
algae species observed along the existing nearshore rock and identified in the diets of 
juvenile green turtles that forage along the rock.  Fish and invertebrate species were also 
identified on the structures.  Specific details of these investigations, and related analyses, 
are described in the references listed on the preceding page.  
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1.0  INTRODUCTION 
 
 
This document provides data and information supporting an analysis of impact and 
corresponding mitigation using the Uniform Mitigation Assessment Method (UMAM) in 
accordance with Chapter 62-345 Florida Administrative Code (F.A.C.).  The impact and 
mitigation scenarios analyzed are proposed to occur off the Mid Reach segment of coastal 
Brevard County, Florida (Florida Department of Environmental Protection [FDEP] Monuments 
R-75.4 to R-118.3).  The impact being assessed is the loss of nearshore hard bottom habitat 
that will be buried during a shoreline protection project involving sand dredged from an offshore 
location then trucked to the onshore fill site.  Much of the background information on the Mid 
Reach area and potential project scenarios are available in Olsen Associates, Inc. (2003). 
 
Nearshore hard bottom is used by algae, invertebrates (sessile and motile), fishes, and marine 
turtles and is considered essential fish habitat and a habitat area of particular concern by the 
National Marine Fisheries Service and the South Atlantic Fishery Management Council (1998).  
In Florida waters UMAM is currently used as the primary tool for assessing impacts and 
formulating a restoration or mitigation strategy.  UMAM was designed primarily to determine 
mitigation required for upland situations where projects have caused unavoidable impacts.  
However, in coastal marine environments the UMAM approach is not as well developed and 
requires some rationale and support for the essentially subjective scoring procedure used in the 
analysis.  For logistical and engineering purposes, mitigation of nearshore hard bottom impacts 
must occur in slightly deeper waters than the impacted hard bottom.  Therefore, the mitigation 
sites as well as the impact site must be included in the UMAM analyses to provide an adjusted 
amount of habitat replacement required to offset losses due to project impacts. 
 
UMAM has three key components that are scored on the basis of reasonable scientific 
judgment: 
 

• location and landscape support; 
• water environment; and 
• community structure. 

 
The impact and mitigation sites are evaluated separately for each of these components before 
and after impact or mitigation, using a scoring system that ranges from 0 to 10.  Characteristics 
of impact and mitigation sites are given below.  
 
Impact Site – As defined in Chapter 62-345 F.A.C., the UMAM applies to wetlands and other 
surface waters as delineated pursuant to Chapter 62-340 F.A.C. that would be impacted by the 
project.  Uplands shall not be included as part of the impact site.  In this case, we define the 
impact site to mean the intertidal and subtidal nearshore hard bottom that would be impacted by 
the project.  The physical characteristics of the Mid Reach rock resource are described in detail 
in Olsen Associates, Inc. (2003). 
 
Mitigation Site – Defined as wetlands and other surface waters as delineated pursuant to 
Chapter 62-340 F.A.C. or uplands that are proposed to be created, restored, enhanced, or 
preserved by the mitigation project.  In this case, the proposed mitigation profile seeks to offset 
the burial of nearshore rock habitat by constructing “like” replication of hard bottom in a water 
depth of approximately 4.6 m (mean low water [MLW]).  The mitigation reef will be placed in a 
water depth of approximately 4.6 m (MLW) so that the top of the relief will be at a depth of 
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approximately 4.0 to 4.3 m.  The mitigation site will be placed approximately 300 to 400 m from 
shore on sand bottom.  
 
The proposed mitigation reef has been modified to replicate the physical appearance, texture, 
relief, and ecological function of the existing nearshore hard bottom as closely as practical – 
while respecting aspects of constructability, hydraulic stability, and geotechnical considerations.  
The proposed reef structure will consist of articulated concrete mats with an integral 
coquina-rock surface.  Photo 1 shows an example of the proposed mitigation reef structure 
consisting of nine experimental blocks constructed by Brevard County during its development of 
mitigation-reef alternatives earlier this summer. 
 

 
Photo 1. Sample portion of a prototype articulated-mat reef mitigation structure proposed for 

the project.  Each block is about 30 in. x 30 in. x 12 in. (76 cm x 76 cm x 30 cm), with 
integral coquina rock surface.  (The cable between the blocks illustrates the cable 
geometry that would be used in the articulated mat.  Cable in the constructed 
materials would differ.) 

 
Each articulated reef mat would consist of 18 cable-connected blocks.  Each mat would be 
about 8-ft x 15-ft x 1-ft (2-m x 5-m x 0.31-m) high and comprise about 90 lineal ft (27 m) of 
valleys (ridges) between blocks and adjacent mats.  Forty-two mats, in six rows and seven 
offset columns, would be placed adjacently – along with three additional “top-layer” mats along 
the landward edge to form an overhanging ledge.  This would constitute one “set” of 45 mats.  
Each set of 45 mats would create about 0.15 acres (0.06 ha) of hard bottom structure 
(Figure 1). 
 
Each set of mats would be placed upon the sand seabed at ambient depths of between about 
-14.4 and -15.6 ft (4.4 and 4.8 m) MLW; i.e., approximately centered along the -15 ft MLW 
contour, and located about 300 to 400 m from the MLW shoreline.  At 12 in. (30 cm) nominal 
relief (and 24 in. [61 cm] maximum relief along the landward edge), the coquina surface of the 
reef units would lay in water depths of between -12.4 and -14.6 ft (4.0 and 4.5 m) MLW. 
 
Between three and five sets of mats would be spaced 50 to 60 ft (15 to 18 m) apart, along the 
-15 ft contour, to form a reef unit.  These reef units would be spaced 400 to 600 ft (122 to 
183 m) apart, or more, to create the requisite total area of reef mitigation along the shoreline. 
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Figure 1. Proposed layout (and typical section) of articulated reef mats within a “set” and reef 

unit. 
 
The specific geometry of the mats within and between each 0.15-acre (.06-ha) set is determined 
by considerations of marine construction equipment, seabed depth and tides, and the objective 
of installing the reef as shallow as possible.  The geometry and alongshore spacing of reef units 
creates a natural patch-structure similar to that of the existing hard bottom along the southern 
Mid Reach.  It is intended to create a corridor of readily traversed (yet semi-isolated) reef 
patches that are proximate to the existing non-impacted hard bottom.  Patchy configuration of 
artificial reefs has proven effective off Florida’s west coast (Frazer and Lindberg, 1994; Lindberg 
et al., 2006). 
 
The coquina surfaces of the mats’ blocks are developed by placing 4- to 12-in. (10 to 30 cm) 
locally-quarried coquina stone in the top of the concrete forms within a temporary sand matrix.  
The top surface thus features essentially 100% coquina cover with 1- to 4-in. (2.5 to 10 cm) 
deep crevices between the coquina stones that emulate the existing nearshore rock.  (Attempts 
to further increase the coquina coverage along the sides of each block ultimately proved to be 
impracticable.)  The valleys between blocks and the overhanging “ledge” on the landward end of 
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a set of units emulate the physical relief of crevices and ledges within the existing reef.  In 
addition, 16-in. gaps between the ends of reef mats would provide resting areas appropriately 
sized for juvenile green turtles observed to rest and forage in similarly-sized crevices on the 
existing Mid Reach rock resource.  At the same time, the articulated mat (which is fundamental 
to the reef structure) serves as the requisite foundation for the area’s sand bottom.  Use of such 
articulated mats (without the special coquina surface) is a standard marine construction practice 
employed to establish hydraulically stable structures on sand seabeds prone to scour.   
 
Toward developing the proposed mitigation reef structure, significant efforts were undertaken to 
research and develop a stable structure that could optimally emulate the impacted resource and 
be produced and deployed in large scale.  The proposed structure represents a novel 
alternative to the traditional practice of deploying boulders upon the seabed.  While other fish 
attracting devices (such as reefballs, etc.) might be fastened to the surfaces of the articulated 
reef mats, such additions are considered uncharacteristic of the existing resource and are 
therefore not proposed for this project. 
 
The goal of the UMAM approach is to evaluate the relative functional loss of the impacted 
habitat and compare that with the relative functional gain of the mitigative habitat.  The “ratio” of 
project mitigation-acreage versus impact-acreage is fundamentally computed as follows: 
 

Functional Loss of Impact Area______________________
Relative Functional Gain of 

Mitigation Area

Risk 
FactorRatio = Time Lag 

Factorx x

 
 
The “functional loss of impact area” considers the net change in ecological function of the 
impacted hard bottom from existing to post-project conditions.  The "functional gain of mitigation 
area" considers the net change in ecological function of the impacted offshore soft bottom to the 
project mitigation reef structure. 
 
Two very important factors in the analysis and calculation of the ratio are time lag and risk.  
Time lag refers to the time required for mitigation to achieve an acceptable level of “functional 
equivalence” to the impacted habitat, and risk is a subjective measure of the expected outcome 
given an individual impact/mitigation scenario.  In the UMAM context risk addresses the 
vulnerability of the mitigation to many physical and biological factors and, in the present context, 
additionally addresses uncertainties in the evaluation not already captured within the estimated 
loss/gain of ecological function. 
 
This support document is organized into sections based on the three components of the UMAM 
assessment.  Within each chapter, relevant functions for both impact and mitigation sites are 
discussed with respect to key taxonomic groups.  These groups are based on ecological studies 
conducted at the impact site in the past 3 years (Continental Shelf Associates, Inc., 2005a; 
Holloway-Adkins and Provancha, 2005).  The taxonomic groups are as follows: 
 

• macroalgae; 
• invertebrates; 
• fishes; and 
• marine turtles. 

 
Within each group, various “indicator” taxa of particular ecological or economic importance 
and/or typical of the site(s) were considered in addition to discussion of the broader taxonomic 
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group.  Areas of overlapping topics were identified to avoid multiple-counting or over-weighting 
of specific ecological functions or taxonomic groups.  
 
The degree to which members of each of the four major taxonomic groups are estimated to be 
“served” by the existing hard bottom in the impact areas (pre- and post-project conditions) and 
by the proposed mitigation areas (pre- and post-project conditions) were evaluated and “rated” 
in terms of each of seven key ecological functions.  Results were compared for the impact and 
mitigation areas (pre- and post-project conditions) and totaled across the taxonomic groups.  
From this, an assessment was made of the relative loss and relative functional gain of the 
impact and mitigation sites, respectively. 
 
The evaluation was based upon input from many sources: (1) critical review of existing 
literature, (2) the investigators’ prior related experience, (3) prior data collection along the 
existing nearshore hard bottom including transect mapping, netting, controlled boat observation, 
and related studies documented in reports previously provided as part of this project, (4) diving 
examination of the nearest adjacent reefs in Indian River County (natural and mitigation reefs), 
(5) review of the proposed mitigation reef mat system, and (6) preliminary results from an 
experimental reef platform placed at the same depth and similar location as proposed for the 
mitigation reef.  The latter refers to the Propagule and Larvae Measurement (PALM) 
instrument/reef platform deployed in late May 2006 for Brevard County (Photo 2). 
 

 
Photo 2. The PALM reef instrument deployed for Brevard County offshore of the Mid Reach 

is intended to measure Phragmatopoma caudata larval recruitment under different 
current regimes, chemical treatments, and macroalgal growth on four different types 
of substrates.  2a shows a photo of the Instrument platform being lowered into the 
water.  2b shows a photo of various substrate panels located on top of the PALM 
platform (Photos provided by K. Holloway-Adkins). 

 
The intent of this document is to provide an analytical framework and support for what are 
largely subjective decisions in scoring the UMAM forms.  Within the three components (location 
and landscape support, water environment, and community structure), not all of the identified 
ecological functions are applicable.  The term function has many usages in the field of ecology 
and, as with most ecological terms, is generally imprecise (Jax, 2005).  With UMAM, functions 
are defined “services” (e.g., substrate for attachment, shelter from predators, access to food 
resources) provided by the habitat to extant organisms.  For the Brevard Mid Reach, the key 
ecological functions of nearshore hard bottom are provided in Table 1.  Both relative functional 
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losses and relative functional gains are determined during the scoring process within the three 
key components.  Examples for scoring community structure are given in Table 2.  
 
Table 1. Ecological functions and corresponding species groups applicable to nearshore hard 

bottom along the Brevard County Mid Reach. 
Ecological Function Species Groups 

Habitat corridor – connectivity along 
cross-shelf continuum 

Migrating invertebrates, fishes (including managed penaeid shrimps, 
reef fishes, coastal pelagic fishes, coastal sharks, and red drum), and 
marine turtles 

Water quality – water depth, wave energy, 
currents and light penetration 

Invertebrates, fishes (including listed striped croaker and federally 
managed species from the reef fishes and coastal sharks), and marine 
turtles 

Substrate – attachment sites 
Macroalgae, sponges, hydrozoans, sabellariid polychaetes 
(Phragmatopoma caudata), bryozoans, ascidians, and other sessile 
organisms 

Cover – shelter from predation, waves and 
currents 

Motile invertebrates, fishes (including listed striped croaker and 
federally managed reef fishes and coastal sharks), and marine turtles 

Nesting area – egg deposition sites Demersal fishes including blennies, damselfishes, and clingfishes 

Feeding area – forage base 
Macroalgae, invertebrates, fishes (including listed striped croaker and 
federally managed reef fishes, coastal pelagic fishes, coastal sharks, 
and red drum), and marine turtles 

Nursery area – habitat for young stages  
Invertebrates, fishes (including listed striped croaker and federally 
managed species from the reef fishes and coastal sharks), and marine 
turtles 

 
To avoid double-counting in this analytical framework, each of the ecological functions is 
assigned to only one most relevant key component. 
 

Component Ecological Function 
• Location and landscape support • Habitat corridor 
• Water environment • Water quality 
• Community structure • Substrate 

• Cover 
• Nesting area 
• Feeding area 
• Nursery area 
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Table 2. Functional indicators and scoring based on the Uniform Mitigation Assessment Method 
in accordance with Chapter 62-345 Florida Administrative Code. 

Functional 
Indicator Score 10 Score 7 Score 4 Score 0 

Location and 
landscape 
support 

Ideally located and 
surrounding landscape 
provides full opportunity 
for the assessment area to 
perform beneficial 
functions at an optimal 
level. 

Compared to the ideal, 
the location of the 
assessment area limits 
its opportunity to perform 
beneficial functions to 
70% of the optimal 
ecological value. 

Compared to the ideal, 
the assessment 
location limits its 
opportunity to perform 
beneficial functions to 
40% of the optimal 
ecological value.  

The location of the 
assessment area provides 
no habitat support for 
wildlife utilizing the 
assessment area and no 
opportunity for the 
assessment area to 
provide benefits to fish and 
wildlife outside the 
assessment area. 

Water 
environment 

The hydrology and water 
quality fully support the 
functions and provide 
benefits to fish and wildlife 
at optimal capacity for the 
assessment area. 

The hydrology and water 
quality support the 
functions and provide 
benefits to fish and 
wildlife at 70% of optimal 
capacity for the 
assessment area. 

The hydrology and 
water quality support 
the functions and 
provide benefits to fish 
and wildlife at 40% of 
optimal capacity for the 
assessment area. 

The hydrology and water 
quality does not support 
the functions and provides 
no benefits to fish and 
wildlife. 

Community 
structure 

The benthic communities 
are indicative of conditions 
that provide optimal 
support for all of the 
functions typical of the 
assessment area and 
provide optimal benefit to 
fish and wildlife. 

Relative to ideal habitat, 
the benthic communities 
of the assessment area 
provide functions at 70% 
of the optimal level.  

Relative to ideal 
habitat, the benthic 
communities of the 
assessment area 
provide functions at 
40% of the optimal 
level. 

The benthic communities 
do not support the 
functions identified and do 
not provide benefits to fish 
and wildlife. 
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2.0  LOCATION AND LANDSCAPE SUPPORT 
 
 
This component examines the ecological context of the impact site, both before and after project 
construction, and mitigation site, both before and after deployment of the proposed artificial 
reefs.  The quality of the surrounding habitats and how well surrounding habitats are connected 
to the impact and mitigation sites is examined for each taxonomic group.  Therefore, of the 
ecological functions listed in Table 1, the Habitat Corridor function is relevant under this 
component.   
 
2.1 IMPACT SITE – HABITAT CORRIDOR 
 
2.1.1 Macroalgae 
 
BEFORE Impact 
Nearshore rock provides attachment sites critical to the colonization of macroalgal species 
(Dawes, 1981; Luning, 1990; Schneider and Searles, 1991).  High-energy environment 
promotes the uptake of nutrients and limits foraging opportunities for many herbivores 
(Underwood and Jernakoff, 1984; Bustamante et al., 1997; Bellgrave et al., 2004).  These 
environmental characteristics support the growth and abundance of macroalgae at the site.  
Propagules and vegetative fragments provide a source of local recruitment.  However, the 
viability and limited dispersal distances of macroalgal propagules limits substantial contributions 
to distant adjacent habitats (Hoffman, 1987; Norton, 1992; Dethier et al., 2003; Bellgrave et al., 
2004).  The score for the before-impact corridor was 9 (Table 3). 
 
Table 3. Location and landscape support scores for individual taxa at impact and mitigation 

sites along the Brevard County Mid Reach.  
Location and Landscape Support 

Habitat Corridor 
Impact Mitigation Taxa 

Before After Before After 
Macroalgae 9 2 1 6 
Invertebrates 9 2 1 6 
Juvenile Fishes 9 2 1 2 
Adult Fishes 9 8 1 9 
Sea Turtles 9 8 1 9 
Average 9 4.4 1 6.4 

 
AFTER Impact 
Lack of available substrate will greatly reduce or eliminate opportunities for macroalgal 
attachment and growth.  However, project-related activities are not expected to create barriers 
to the dispersal of planktonic spores; therefore, after-impact corridor was scored as a 2 
(Table 3). 
 
2.1.2 Invertebrates 
 
BEFORE Impact 
Ecological context of the impact site and surrounding habitats for sessile and motile 
invertebrates depends on physical characteristics of the water column and the substrate as well 
as biological traits of individual species.  The nearshore hard bottom of the Mid Reach supports 
motile and sessile invertebrates (Continental Shelf Associates, Inc., 2005).  Both of these 
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groups have planktonic larval stages capable of broad dispersal (hundreds of kilometers).  
Motile forms such as worms, crabs, shrimps, and sea urchins all rely on local and regional larval 
supply to replenish the existing populations (Sponaugle et al., 2002).  With some taxa, 
immigration by adults or subadults is a possible source of new individuals.  Sessile forms rely on 
colonization from settling larvae as well as some re-growth from existing local colonies.  
 
The delivery of larvae to the relatively isolated impact site depends on current patterns and 
water column structure at the impact site.  These characteristics are driven by local winds and 
tides and vary with season.  Given the existing weather patterns and sea conditions, there is no 
evidence that the location or surrounding habitats at the impact site would present any 
impediments to colonization by planktonic larvae or immigrating mature stages of any motile 
invertebrate taxa.  For this reason, the before-impact score for this component was 9 (Table 3). 
 
AFTER Impact 
The composition of the invertebrate fauna at the impact site will change from an assemblage of 
hard bottom species to one of soft bottom species.  Soft bottom species include epifaunal 
(motile) and infaunal forms that will colonize the new soft bottom by larval settlement.  New soft 
sand habitat will not interfere with dispersal by planktonic propagules or movements by soft 
bottom species, however the sandy area will not be conducive to movements of hard bottom 
species, resulting in an after-impact score of 2 (Table 3).   
 
2.1.3 Fishes 
 
BEFORE Impact 
From the perspective of a cross-shelf benthic habitat gradient extending from inshore waters to 
the outer shelf, nearshore hard bottom is important for many species and, in particular, for their 
early life stages (Lindeman and Snyder, 1999; Lindeman et al., 2000).  Many of these species 
may utilize other habitats along the gradient as adults.  Habitats adjacent to the Mid Reach are 
the barrier island to the west and open sand bottom north, south, and east of the hard bottom 
formation.  The surrounding water column is a continuum without obvious barriers to passive or 
actively swimming organisms.  
 
Because most marine fishes have a dispersive planktonic stage, there are no obvious barriers 
to the delivery of larvae capable of colonizing the nearshore hard bottom.  Less obvious barriers 
can be physical and biological.  The coupling of physical and biological aspects of the 
recruitment process provides an explanation of variability in larval settlement patterns (Cowen et 
al., 2006).  Physical barriers include hydrographic or hydrodynamic features that would prevent 
planktonic young (spawned in either local or regional waters) from arriving and colonizing the 
habitat.  Periodic cold-water upwelling (e.g., Smith, 1983) during times of planktonic advection 
or settlement could kill or repel temperature sensitive species.  Additional water column 
variables that would impair movement of fishes are dissolved oxygen, turbidity, and salinity.  Of 
these, only turbidity is expected as an impairment in the Mid Reach area.  Therefore previous 
projects using the proposed sand source have not experienced chronic turbidity, the effects of 
turbidity from the proposed project are expected to be temporary.  Biological barriers would 
include species-specific behavioral characteristics that are influenced by physical factors in the 
water column.  These include planktonic larval duration, swimming ability, visual acuity, and 
temperature sensitivity. 
 
Nearshore hard bottom of the Mid Reach is located mid-way between two inlets, 40 km from 
Sebastian Inlet to the south and 26 km from Canaveral Inlet to the north.  Because so little is 
known about the movements of young fishes across the shelf, this aspect of the Mid Reach 
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location and landscape support remains unknown and is therefore evaluated as potentially 
important.  Also, from available information (Ocean Biogeographic Information System [OBIS], 
2006), it appears that there is a broad gap along the cross-shelf gradient between the Mid 
Reach hard bottom and hard bottom of the open shelf (approximately 8 km to the nearest hard 
bottom habitat).  As with the distance from inlets, this suggests that the Mid Reach is isolated 
from other habitats on a spatial scale that is important to young fishes. 
 
Adult fishes clearly differ in their ability to swim from habitat to habitat both along shore and 
across the shelf.  Coastal migratory pelagic species such as cobia, Spanish mackerel, bluefish, 
and pompano as well as adult reef fishes should find no barriers to movements to and from the 
Mid Reach hard bottom.  Therefore, based on the unknown capabilities of young fishes to travel 
to and from the Mid Reach habitat, this site is evaluated as a potentially important habitat 
corridor for juvenile and adult fishes and given a score of 9 (Table 3). 
 
AFTER Impact 
Hard bottom species would be displaced following sand burial of the project site.  Species 
composition at the impact site will transform from an assemblage of reef fishes to one of soft 
bottom fishes.  During construction, the primary impediment to connectivity would be 
project-related turbidity.  Although project-related turbidity is expected to be temporary, high 
levels of suspended material can affect swimming, vision, feeding, and respiration in fishes of all 
life stages (Robins, 1957; Johnston and Wildish, 1982; Benfield and Minello, 1996; Grecay and 
Target, 1996; Wilber and Clarke, 2001).  Competent or actively swimming larvae would possibly 
avoid areas of high turbidity.  Highly mobile adult species would likely avoid areas of high 
turbidity, as well.  Juvenile reef fishes would likely be negatively affected by the hard bottom 
void created by sand burial of a portion of the hard bottom; the impact score for this category is 
2.  Adult fishes are expected to be able to swim across the void with less risk of predation or 
fatigue, therefore the score for adult fishes is 8 (Table 3).  
 
2.1.4 Sea Turtles 
 
BEFORE Impact 
The impact area is a corridor to adjacent beaches for adult nesting female loggerhead, green, 
and leatherback sea turtles.  The area is also used in the capacity of a developmental habitat 
corridor for juvenile green turtles and immature loggerheads.  Nearshore reefs are an important 
component in the early life stages where juvenile green turtles and loggerheads are moving 
from pelagic to neritic environments.  Nearshore reefs provide habitat, especially for juvenile 
green turtles (Ehrhart, 1992; Wershoven and Wershoven, 1992; Bresette et al., 1998; 
Holloway-Adkins et al., 2000; Makowski, 2004; Inwater Research Group, 2005).  Habitat 
corridor before impact was scored a 9 (Table 3). 
 
AFTER Impact 
Sand bottom habitat will not interfere with the nesting corridor for adult turtles using adjacent 
beaches.  Immature loggerhead and juvenile green turtles are infrequently associated with open 
sand bottoms, however the sand bottom will not impede travel to adjacent sea turtle habitat.  
The after-impact habitat corridor for sea turtles was scored an 8 (Table 3).  
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2.2 MITIGATION SITE – HABITAT CORRIDOR 
 
2.2.1 Macroalgae 
 
BEFORE Mitigation 
With the exception of worm tubes and shell fragments, sand bottom habitat provides very limited 
opportunities for macroalgal attachment.  However, there are no impediments to dispersal within 
the water column.  The corridor at the mitigation site was scored as a 1 (Table 3). 
 
AFTER Mitigation 
The properties and characteristics of the proposed mitigation reef provide substrate for 
attachment and growth of macroalgal species found in the subtidal region of the Mid Reach.  
The addition of free hard bottom substratum promotes the development of fouling assemblages 
and increases the biomass of an area (Svane and Petersen, 2001).  The proposed mitigation is 
constructed of material with similar composition (coquina) as the existing reef.  
 
Factors that may constrain the ability to replicate species composition are based mostly on the 
distance from the wave zone and the depth of the proposed site.  The water depth, light 
penetration, and laminar flow will differ from the impact site.  The macroalgal species diversity 
may reflect only 65% to 70% of the existing algal composition at the impact site.  This is based 
on observations at natural and artificial reefs in Indian River County (Appendix A) and a 
literature review (Dawes, 1981; Luning, 1990; Littler and Littler, 2000; Schneider and Searles, 
1991) of depth ranges for specific species.  During in-water observations, some discrepancies 
where species were located outside of the ranges specified in the literature were found.  The 
mitigation reef scored a 6 (Table 3). 
 
2.2.2 Invertebrates 
 
BEFORE Mitigation 
Invertebrate assemblages of the mitigation sites were not directly investigated; however, both 
infaunal and epifaunal species are expected to be present.  Infauna include burrowing 
organisms such as worms, clams, snails, shrimps, crabs, and sea cucumbers, whereas 
epifauna consist of shrimps, crabs, gastropods, and sand dollars.  Because most infaunal 
invertebrates have planktonic larvae and motile adults, there are no barriers to movement of 
organisms to and from the site.  However, there is no hard bottom present at the site, thus no 
hard bottom epifaunal assemblage has developed and connectivity, particularly for sessile 
forms, will be low.  A score of 1 was given to this category (Table 3). 
 
AFTER Mitigation 
Following deployment of the artificial reef, hard bottom substrate will be available for 
colonization by habitat-limited sessile invertebrates (Svane and Petersen, 2001).  This will 
provide connections with the local hard bottom epifaunal assemblages that are producing 
planktonic larvae.  Because of restored connections, this category scored a 6 (Table 3).   
 
2.2.3 Fishes 
 
BEFORE Mitigation 
Along the cross-shelf habitat continuum of the local area, the proposed mitigation sites are best 
described as inner shelf soft bottom.  The bottom-associated or demersal ichthyofauna 
inhabiting the inner shelf of eastern Florida includes sharks, rays, eels, croakers, drums, 
porgies, searobins, and flatfishes (Anderson and Gehringer, 1965; Gilmore et al, 1981; Wenner 
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and Sedberry, 1989).  Presently, location and landscape support is not expected to impede 
movements of planktonic larvae, early juvenile, or larger demersal individuals into or out of the 
area.  Lack of hard bottom indicates that juvenile reef fishes are not expected to be present; 
adult and planktonic phase reef fishes may traverse the sites but are only responding to the 
water column and not the seafloor habitat.  The before-mitigation score is a 1 (Table 3). 
 
AFTER Mitigation 
Following the deployment of the artificial reefs, the fish assemblage of the mitigation sites will 
consist of reef-associated species.  Artificial reefs will attract adult and juvenile fishes from 
surrounding hard bottom areas and provide sites for the settlement of planktonic larvae.  The 
artificial reef should contribute positively to connectivity of the cross-shelf habitat gradient, 
particularly for reef fish species.  This assumes that the reef material is physically stable and 
persistent over time.  For early life stage fishes, the score is a 2 because not all species found 
at the impact site will settle in the slightly deeper waters of the mitigation sites.  Because most 
adults found on the impact site are likely to occur in the waters of the mitigation sites following 
the construction of the artificial reef, the score for adult fishes is a 9 (Table 3). 
 
2.2.4 Sea Turtles 
 
BEFORE Mitigation 
There are no barriers to the nesting beach via the water corridor for adult loggerhead, green, 
and leatherback sea turtles that are coming ashore to lay eggs.  Juvenile loggerhead and green 
turtles are infrequently associated with bare, sand bottom habitat.  This area was scored 
a 1 (Table 3). 
 
AFTER Mitigation 
The proposed mitigation reef poses no restriction to the nesting corridor for adult marine turtles 
in the Mid Reach area.  The reef does provide additional habitat and close connectivity to 
adjacent habitats for immature loggerhead and green sea turtles.  The mitigation reef corridor 
was scored 9 (Table 3). 
 
2.3 UMAM SUMMARY EXPLANATION/IMPLICATIONS 
 
2.3.1 UMAM Rating for Habitat Corridor at the Impact Site 
 
BEFORE Impact 
As a habitat corridor, the impact site received an average rating of 9 (Table 3).  While it 
provides a corridor for sea turtles and fishes that are highly mobile, it is beyond or at the limits 
for dispersal distances for macroalgal propagules (Dethier et al., 2003; Bellgrave et al., 2004).  
Recruitment is most likely local and could represent a bottleneck in genetic variability.  
 
AFTER Impact 
After the hard bottom is covered by sand, the connections between adjacent hard bottom 
segments is severed and a sandy void is created.  This will reduce local recruitment of 
macroalgae and invertebrates and present a problem for movement of smaller fishes that will be 
more susceptible to predation when moving across open sand.  Open sand areas will not, 
however, present barriers to movements for planktonic young or larger adult fishes nor adult 
juvenile turtles.  The average score for habitat corridor after impact is 4.4 (Table 3). 
 
Habitat created at the site of impact through fill activities will increase the already abundant 
resource of soft, sand bottom habitat.  Invertebrates associated with soft, sand bottom habitat 
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would be expected to recruit within a reasonably short period of time.  Their relative abundance 
is more likely driven by life cycle characteristics.  This was documented immediately south of 
the Mid Reach area by Lacharmoise et al. (2005). 
 
2.3.2 UMAM Rating for Habitat Corridor at the Mitigation Site 
 
BEFORE Mitigation 
Soft bottom does not offer extensive consolidated hard substrate necessary for the settlement, 
growth, and attachment for macroalgae.  Fragmented Caulerpa prolifera was the only 
macroalga found in the mitigation area.  It was found growing on the periodic exposure of 
tubeworm casings.  This habitat type is also well represented in the marine environment.  Level 
soft bottom is part of the cross-shelf habitat continuum but does not facilitate movements of 
reef-associated species (and life stages) across that continuum.  The current condition of the 
mitigation site was rated 1 (Table 3). 
 
AFTER Mitigation 
The mitigation reef will provide a surface area for the settlement and propagation of macroalgae 
and will not prevent barriers to nesting turtles.  The algal composition may differ to some extent, 
but many of the same species that utilize the current subtidal areas of the nearshore hard 
bottom in the Mid Reach will disperse and settle under the distance and conditions offered by 
the mitigation project.  Similarly, invertebrates and fishes that associate with reefs and hard 
substrate will colonize the artificial reef through immigration and larval settlement.  For many 
species the artificial reefs will provide connections with nearby habitats and therefore maintain 
developmental pathways.  The mitigation site received a habitat corridor rating of 6.4 based on 
these factors (Table 3).  Net gain for the mitigation site is actually higher than the net loss, 
because from the perspective of hard bottom the mitigation site goes from one of no hard 
bottom to creation of hard bottom where none previously existed.  This maintains and extends 
the cross-shelf habitat gradient and adds hard substratum to the system.  The impacted hard 
bottom is only a part of a larger hard bottom area, so hard bottom is not totally eliminated.  
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3.0  WATER ENVIRONMENT 
 
 
This component evaluates the hydrologic conditions and, in this case, more readily pertains to 
water quality. 
 
3.1 IMPACT SITE – WATER QUALITY 
 
BEFORE Impact 
Water quality parameters under the present scenario include turbidity, salinity, dissolved 
oxygen, leachate from septic tanks, and chemical contamination.  Upland runoff including 
leachates from septic tanks may slightly degrade marine water quality during heavy rains.  
Persistent waves make high turbidity the norm in the Mid Reach area.  Eddies and turbulence 
around rocks may increase turbidity; nevertheless, there is no reason to expect that the current 
water environment is anything other than optimal for the extant organisms.  In fact, some level 
of suspended sediment is required by the reef building polychaete Phragmatopoma caudata. 
The before-impact score for all of the biological elements is 9 (Table 4). 
 
Table 4. Water environment scores for individual taxa at impact and mitigation sites along the 

Brevard County Mid Reach. 
Water Environment 

Water Quality 
Impact Mitigation Taxa 

Before After Before After 
Macroalgae 9 9 9 9 
Invertebrates 9 9 9 9 
Juvenile Fishes 9 9 9 9 
Adult Fishes 9 9 9 9 
Sea Turtles 9 9 9 9 
Average 9 9 9 9 

 
AFTER Impact 
A wider beach will provide better filtering for upland run off, and slightly coarser sediment may 
reduce turbidity.  Elevated turbidity can be temporary or chronic, depending on the sedimentary 
characteristics of the material placed on the beach.  The sand source proposed for this project 
has been utilized previously with no turbidity problems.  Based on the assumption that the 
proposed sand source does not contain higher fractions of fine sediment than the native 
material, water quality should be the same as pre-construction levels once construction related 
turbidity recedes.  Therefore, the after-impact score is 9 (Table 4).   
 
3.2 MITIGATION SITE – WATER QUALITY 
 
BEFORE Mitigation 
No data are available on water quality variables from the mitigation site, but we assume that 
water quality is good and reflects local conditions without conspicuous problems.  As with the 
impact site, a score of 9 is given across all taxa (Table 4). 
 
AFTER Mitigation 
Placement of the artificial reef will influence the water flow and turbulence around the reef 
footprint.  This should not affect water quality.  During and immediately after construction of the 
artificial reef, there will be elevated turbidity due to propeller wash and placement of the 
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modules.  Construction-generated turbidity should subside rapidly, so the score for all taxa 
is 9 (Table 4). 
 
3.3 UMAM SUMMARY EXPLANATION/IMPLICATIONS 
 
3.3.1 UMAM Rating for Water Quality at Impact Site  
 
BEFORE Impact 
Although water quality at the impact site may be slightly impacted by freshwater runoff sources 
from nearby roadways, groundwater contamination from septic tanks, and condominium 
water-cooling air conditioner systems, the general parameters of salinity, turbidity, and dissolved 
oxygen are expected to be typical for coastal waters of the region.  The presence of diverse 
biotic assemblages without any obvious indicators (e.g., “nuisance” algae) of degraded 
conditions is evidence of good water quality; therefore, the impact site was rated as 
a 9 (Table 4).   
 
AFTER Impact 
The primary project-related effect on water quality will be elevated turbidity.  High turbidity levels 
are expected during construction, but these levels should return to background conditions when 
construction ends.  The potential for chronic post-construction turbidity will depend on sand 
source and characteristics.  With the standards of sand grain and composition set forth in the 
nourishment permitting process and past history of projects using the same local borrow 
material, it is unlikely that water quality will be diminished.  It was rated as a 9 (Table 4). 
 
3.3.2 UMAM Rating for Water Quality at the Mitigation Site 
 
BEFORE Mitigation 
The mitigation area is deeper and further from shore than the impact site.  The water is usually 
much less turbid than in the intertidal zone during short periods of high-energy wave activity.  
The mitigation site is located 300 to 400 m from shore and is not highly susceptible to 
land-based runoff.  Existing water quality at the mitigation site was rated as a 9 (Table 4).   
 
AFTER Mitigation 
The mitigation site is located 300 to 400 m from shore and is not highly susceptible to 
land-based runoff.  Water quality at the mitigation site was rated as a 9 (Table 4).  
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4.0  COMMUNITY STRUCTURE 
 
 
In this section, community structure components are evaluated for the impact and mitigation 
assessment areas.  The functional indicator for marine systems in the UMAM evaluation 
process is the hard bottom benthic community.  The process attempts to realize that the species 
composition on coral reefs and live hard bottom is variable and highly dependent on structure 
and habitat.  The functions evaluated for community structure are the ability for the impact and 
mitigation areas to provide substrate, cover, nesting, feeding, and nursery areas. 
 
4.1 IMPACT SITE – SUBSTRATE 
 
4.1.1 Macroalgae 
 
BEFORE Impact 
Anastasia limestone outcroppings, sabellariid worm rock, and compressed coquina rocks form 
the substrate on which an abundant and diverse number of macroalgae thrive in the intertidal 
and subtidal areas of the nearshore.  Brown, green, and primarily red algae represent the 
primary producers in this marine community.  Approximately 25 different species of macroalgae 
were identified in the Mid Reach in the macroalgae surveys (Continental Shelf Associates, Inc., 
2005; Holloway-Adkins and Provancha, 2005).  The impact site was scored 10 (Table 5) due to 
temporally high availability and diversity of macroalgal species.  
 
AFTER Impact 
The absence of substrate after impact will eliminate algal growth in the nearshore.  Where 
fragments of Caulerpa prolifera grew in deeper water on tubeworm casings, the nearshore 
environment with high-energy wave action and no hard substrate will not induce macroalgal 
survival or growth.  After impact was rated 0 (Table 5). 
 
4.1.2 Invertebrates 
 
BEFORE Impact 
Sessile invertebrates including sponges, hydroids, sabellariid worms, and tunicates attach to the 
coquina limestone substrate provided by the Mid Reach hard bottom (Continental Shelf 
Associates, Inc., 2005).  Sabellariid worms form extensive colonies that can spatially dominate 
the coquina substrate, providing another layer of complexity to the nearshore hard bottom.  
These colonies are commonly called worm rock (Kirtley and Tanner, 1968).  Substrate use by 
invertebrates, particularly hard bottom sessile forms, is rated as a 10 (Table 5).   
 
AFTER Impact 
Direct burial of hard bottom by the proposed project will eliminate hard substrate and its sessile 
assemblage and replace it with level sand bottom.  The new sand substrate will be utilized by 
infaunal (e.g., polychaete worms, bivalves, and gastropods) and epifaunal invertebrates 
(e.g., swimming crabs, shrimps, and echinoderms), but with no hard bottom substratum, hard 
bottom sessile species will not be present.  For this reason, invertebrate use of substrate after 
the impact was scored as a 1 (Table 5). 
 



 

 

Table 5.  Community structure scores for individual taxa at impact and mitigation sites along the Brevard County Mid Reach. 

Community Structure 

Substrate Cover Nesting Area Feeding Area Nursery Area 

Impact Mitigation Impact Mitigation Impact Mitigation Impact Mitigation Impact Mitigation 
Taxa 

Before After Before After Before After Before After Before After Before After Before After Before After Before After Before After 

Macroalgae 10 0 0 8 9 0 0 8 n/a n/a n/a n/a 9 0 0 7 n/a n/a n/a n/a 

Invertebrates 10 1 1 9 9 1 1 8 5 2 2 5 9 2 2 7 9 2 1 7 
Juvenile 
Fishes n/a n/a n/a n/a 9 1 1 7 n/a n/a n/a n/a 9 2 2 8 9 1 1 7 

Adult Fishes n/a n/a n/a n/a 8 1 1 7 5 1 1 5 9 2 2 7 n/a n/a n/a n/a 

Sea Turtles n/a n/a n/a n/a 8 0 0 7 n/a n/a n/a n/a 9 0 0 7 9 0 0 7 

Average 10 0.5 0.5 8.5 8.6 0.6 0.6 7.4 5 1.5 1.5 5 9 1.2 1.2 7.2 9 1.333 0.667 7 

n/a = not applicable. 
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4.1.3 Fishes 
 
BEFORE and AFTER Impact 
In the UMAM context, substrate is considered as attachment surfaces for sessile invertebrates 
and algae.  Fishes do not attach to the substrate; see sections on cover and feeding 
(Sections 4.2.3 and 4.4.3, respectively) for details about how fishes utilize substrate.   
 
4.1.4 Sea Turtles 
 
BEFORE and AFTER Impact 
Sea turtles are affiliated with substrate, however, they do not attach themselves to it. 
 
4.2 IMPACT SITE – COVER 
 
4.2.1 Macroalgae 
 
BEFORE Impact 
The substrate provides for cover (in the form of crevasses) that can produce shade or shelter.  
Canopy (or fleshy) macroalgal species also provide cover, especially for turf-forming species.  
There are few studies that focus on specific interactions between turf and canopy macroalgae in 
the western Atlantic and Caribbean.  Baek et al. (2004) found both positive and negative effects 
between two species similar to those found in the Mid Reach (Genera: Chondracanthus and 
Pterocladia).  The function for cover was scored a 9 (Table 5). 
 
AFTER Impact 
The lack of substrate will eliminate any function of cover for turf species by canopy species.  
The after-impact score was 0 (Table 5).  
 
4.2.2 Invertebrates 
 
BEFORE Impact 
Motile invertebrates, especially spider, porcelain, and mud crabs, seek cover under ledges in 
crevasses provided by the hard bottom.  In addition, many decapods and stomatopods 
associate with the structure provided by worm rock (Gore et al., 1978).  The Cuban stone crab 
Menippe nodifrons, a smaller relative of the commercially important stone crab (M. mercenaria), 
is commonly observed along the Mid Reach where it inhabits small ledges and is sheltered in 
small crevices, holes, and ledges.  The before-impact status of invertebrate use of cover 
provided by the nearshore hard bottom yields a score of 9 (Table 5). 
 
AFTER Impact 
Hard bottom cover will be eliminated within the impact footprint.  The sediment placed on the 
project site will provide cover for a different suite of invertebrates other than those found on hard 
bottom.  Infaunal and epifaunal invertebrates characteristic of soft bottoms will colonize the sand 
placed over the area.  Without hard bottom there will be no hard bottom-associated sessile or 
motile invertebrates left in the impact site.  The score for this category is 1 (Table 5). 
 
4.2.3 Fishes 
 
BEFORE Impact 
Fishes utilize the hard bottom structure for shelter at several spatial scales.  Small solitary 
individuals (e.g., blennies, gobies, and clingfishes) use small (ca. 1 to 10 cm) holes, cracks, and 
ledges.  Larger reef fishes such as black margate, cubbyu, striped croaker, and gray snapper 
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seek shelter under ledges (approximately 10 cm to 1 m in relief) and overhangs formed by the 
tabular outcrops that occur along the Mid Reach hard bottom.  It appears that adult and juvenile 
fishes congregate under ledges and overhangs seeking shelter not only from predators but also 
from the constant wave surge.  The before-impact score for adult fishes is 8 and the score for 
early life stage fishes is 9 because life stage composition of nearshore hard bottom fish 
assemblages is generally skewed toward immature individuals (Lindeman and Snyder, 1999) 
(Table 5). 
 
AFTER Impact 
Following the impact, hard bottom cover will be lost to the local system, and fishes utilizing the 
impact area will mostly be soft bottom and coastal pelagic species.  Cover provided by level 
sand bottom is only used by a few burrowing species such as eels, jawfishes, and gobies.  
There will be few, if any, reef fishes that regularly seek or use cover provided by the hard 
bottom features remaining in the impact area.  Accordingly, a score of 1 is given for both early 
life and adult stages (Table 5). 
 
4.2.4 Sea Turtles 
 
BEFORE Impact 
Juvenile green turtles utilize the shallow limestone ledges and relief for resting areas.  Tucked 
away on the inside of ledges, small turtles are able to avoid the pounding surf in the intertidal 
zone.  Many of the ledges are narrow and afford protection from large predators.  The function 
of cover at the impact site was scored an 8 (Table 5). 
 
AFTER Impact 
No cover function is afforded after impact.  The score is a 0 (Table 5).  
 
4.3 IMPACT SITE – NESTING AREA 
 
4.3.1 Macroalgae 
 
BEFORE and AFTER Impact 
This ecological function does not apply to macroalgae. 
 
4.3.2 Invertebrates 
 
BEFORE Impact 
Most of the motile invertebrates (e.g., crabs, shrimps, and sea urchins) inhabiting nearshore 
reefs brood their fertilized eggs before releasing them into the water column as planktonic 
larvae.  Other invertebrates, such as gastropods and nudibranchs, attach eggs to the substrate 
in what could be regarded as nests.  No nests or egg masses have been observed along the 
Mid Reach hard bottom, but species known to deposit demersal eggs are present.  Thus, a 
score of 5 is given for this category (Table 5). 
 
AFTER Impact 
Invertebrates expected to assemble on the soft bottom footprint of the impact site will include 
some egg laying taxa.  However, following the burial of hard bottom there will be no hard 
surface for depositing eggs by any invertebrates adapted to this reproductive mode.  This 
results in an after-impact score of 2 (Table 5).   
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4.3.3 Fishes 
 
BEFORE Impact 
Some fishes, particularly blennies, gobies, damselfishes, triggerfishes, and clingfishes, lay 
demersal eggs that adhere to the coquina limestone substrate.  No nests have been observed 
at the Mid Reach, but species known to lay demersal eggs are present (Continental Shelf 
Associates, Inc., 2005).  A score of 5 is given for the pre-impact nesting function (Table 5). 
 
AFTER Impact 
Following burial of the hard bottom, fish species that deposit eggs on hard substrata will be 
displaced.  Most of the soft bottom fishes that will be present following the impact do not nest, 
but instead release gametes into the water where they are broadcast over broad spatial scales.  
The post-impact score for this category is 1 (Table 5). 
 
4.3.4 Sea Turtles 
 
BEFORE and AFTER Impact 
Sea turtles use the adjacent beaches but not the nearshore waters for nesting.  
 
4.4 IMPACT SITE – FEEDING AREA 
 
4.4.1 Macroalgae 
 
BEFORE Impact 
On high-energy shorelines, available phosphorous, trace minerals, and carbon are rapidly 
resuspended in the water column.  This activity promotes the growth and productivity of 
macroalgae (Bustamante et al., 1997; Santelices, 1990, Hurd, 2000).  The light and substrate 
conditions make attachment and photosynthesis processes possible for macroalgae.  However, 
nutrient components (especially available nitrogen and phosphorus) determine growth and 
production of macroalgae.  This function was scored as a 9 (Table 5).   
 
AFTER Impact 
While wave energy will provide constant nutrient flow, macroalgae will not be present after 
impact in the absence of substrate.  The feeding area score for macroalgae is 0 (Table 5).  
 
4.4.2 Invertebrates 
 
BEFORE Impact 
Sessile invertebrates are primarily suspension feeders and depend on suspended detrital and 
particulate organic matter emanating from surrounding waters.  Being attached to the elevated 
hard bottom allows suspension feeders better access to their food.  Motile invertebrates such as 
mollusks, crabs, shrimps, and sea urchins feed on a variety of items including macroalgae, 
sessile invertebrates, amphipods, isopods, and others small motile invertebrates that associate 
with hard bottom.  Gore et al. (1978) found that some of the most common crabs inhabiting 
sabellariid reefs fed on the worms that constructed the habitat.  Invertebrate feeding 
opportunities was scored 9 (Table 5). 
 
AFTER Impact 
After the impact, feeding opportunities for hard bottom species essentially will be eliminated.  
However, because soft bottom species expected to colonize the impact footprint will possibly 
serve as prey for motile hard bottom species such as swimming crabs or octopods, a score of 
2 is given (Table 5). 
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4.4.3 Fishes 
 
BEFORE Impact 
Fish assemblages inhabiting the Mid Reach hard bottom are composed of herbivores, 
carnivores, planktivores, and omnivores.  The relative abundance of these broad feeding types 
is unknown, but each depends to some extent on some feature of the hard bottom, adjacent soft 
bottom, or water column to be successful.  There are species that graze directly on attached 
epibiota.  Many fishes rely on plankton during their early life stages.  The microcirculation 
patterns created by the hard bottom structure may facilitate planktonic feeding for these 
individuals.  Others will shelter around the hard bottom and then forage, often at night, over the 
adjacent soft bottom areas.  The score for early life and adult stage fishes before the impact 
is 9 (Table 5). 
 
AFTER Impact 
After impact the fish assemblage will be a soft bottom assemblage consisting mostly of bottom 
feeding species and occasional pelagic predators traversing the area.  Hard bottom species will 
find limited foraging over the sandy area.  Some species will seek shelter by day around the 
larger features, then foray out into the sandy plains at night.  The score for this category 
is 2 (Table 5). 
 
4.4.4 Sea Turtles 
 
BEFORE Impact 
The impact site functions as an important foraging habitat for juvenile green turtles.  Macroalgae 
are diverse, abundant, and temporally available.  Green turtles forage mostly on red algae, 
which are abundant at the impact site (Holloway-Adkins and Provancha, 2005).  Feeding was 
scored 9 for sea turtles (Table 5). 
 
AFTER Impact 
The macroalgae food resources for juvenile green turtles are eliminated.  Immature loggerhead 
turtles may forage on soft bottom benthic organisms, however, these will be in relatively shallow 
water.  This limits access to foraging for the larger juvenille loggerhead turtles.  The feeding 
function after impact fell between 0 and 1 due to unlikely events of loggerhead turtles moving 
into this area.  Loggerhead sightings were infrequent in the Mid Reach area and were not 
observed in shallow intertidal waters  
 
4.5 IMPACT SITE – NURSERY AREA 
 
4.5.1 Macroalgae 
 
BEFORE and AFTER Impact 
This ecological function does not apply to macroalgae. 
 
4.5.2 Invertebrates 
 
BEFORE and AFTER Impact 
This ecological function does not apply to invertebrates. 
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4.5.3 Fishes 
 
BEFORE Impact 
Nearshore hard bottom is considered important habitat for juvenile fishes because of the 
skewed abundance of early life-stage individuals that characterizes the assemblages (Lindeman 
and Snyder, 1999).  A precise definition of nursery area should consider the relative contribution 
of the young fishes from a particular habitat to the adult populations and not just abundance 
(Beck et al., 2001; Dahlgren, et al., 2006).  These data are not available for the region, but 
enough evidence exists on the distribution of fishes across a range of habitats (Gilmore et al., 
1981) to identify species that are exclusively using nearshore hard bottom as nursery areas.  
The nursery function of the nearshore hard bottom in southeastern Florida has been 
documented (Lindeman and Snyder, 1999).  This leads to a score of 9 for early life stage 
individuals (Table 5). 
 
AFTER Impact 
Once the nearshore habitat is buried, there will be a transition from the structure afforded by the 
hard bottom, which is important to young reef species.  Following construction, the nursery 
function of the area for reef fishes is lost, but it is likely that the young of some hard bottom 
species will utilize the impact area for feeding.  Juveniles of soft bottom (e.g., kingfishes, drums, 
and croaker) and coastal pelagic (e.g., pompano, permit, and mullets) species also will utilize 
the impact area.  The post-impact score for early life-stage fishes is 2 (Table 5).   
 
4.5.4 Sea Turtles 
 
BEFORE Impact 
Juvenile green turtles recruit to nearshore habitats at approximately 20.0 to 30.0 cm straight 
carapace length (SCL) (Carr, 1987; Hirth, 1997). Population studies conducted in the Mid Reach 
indicate juvenile green turtles and immature loggerhead turtles utilize this area as 
developmental habitat (Holloway-Adkins and Provancha, 2005).  Foraging samples from 
captured green turtles, and tracking data indicate turtles are actively feeding and resting in this 
habitat. The average size class (35.8 SCL) and size distribution indicate these animals 
represent a relatively smaller-sized population of juvenile green turtles when compared to other 
population studies on the east coast of Florida (Bresette et al., 1998; Wershoven and 
Wershoven, 1992; Ehrhart et al., 2001; Ehrhart et al., 1996). Shallow, nearshore habitats may 
prove more beneficial to these relatively small juvenile green turtles than to the larger ones 
(Redfoot, 1997). Accessibility to resources in this nearshore habitat is easier for smaller animals 
with the ability to maneuver in the shallows, and may provide a competitive advantage over 
larger animals. The area was scored as a 9 for nursery habitat (Table 5). 
 
AFTER Impact 
Juvenile green turtles are rarely associated with open, bare sand bottom.  These areas lack 
refugia from predators or rest areas in the form of ledges and crevices.  Macroalgal food 
resources for green turtles do not grow on sand bottoms.  Loggerheads may feed on soft bottom 
invertebrates, but the high wave energy in the shallow waters where food may be found may be 
inaccessible for the relatively larger juvenile loggerhead turtles.  The scoring (0) after-impact 
reflects a rounding of the potential (1) to the unlikely (0), that this area will provide nursery 
habitat after impact (Table 5). 
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4.6 MITIGATION SITE – SUBSTRATE 
 
4.6.1 Macroalgae 
 
BEFORE Mitigation 
Small fragments of Caulerpa prolifera were found attached to tubeworm casings in 3 to 5 m 
water depths.  The lack of substrate prevents macroalgae from flourishing in this area.  It was 
scored as a 0 (Table 5). 
 
AFTER Mitigation 
The mitigation plan (using locally quarried coquina limestone for the mitigation surface) will 
provide matching substrate necessary for the attachment and growth of macroalgal species.  
Enhanced light penetration may exist outside the wave zone, which would enable many of the 
same species to thrive in the subtidal conditions at the mitigation site.  Santelices (1990) noted 
that wave-exposed rocky intertidal habitats of central Chile exhibited zonation of algal 
morphologies rather than strict patterns of species zonation.  Fleshy red algae were observed at 
the Indian River County mitigation reefs at 5-m water depths (Appendix A, Table 2).  The 
substrate function for the mitigation reef was scored as an 8 (Table 5). 
 
4.6.2 Invertebrates 
 
BEFORE Mitigation 
Invertebrates inhabiting the mitigation sites would either be those that live within the sediments 
(infauna) or on the seafloor (epifauna).  Worms, clams, snails, shrimps, crabs, sea cucumbers, 
sand dollars, sea biscuits, and other invertebrates either utilize the sediment surface or burrow 
into the soft bottom.  Due to a lack of hard bottom, reef-associated species (sessile and motile) 
are not present at the mitigation sites.  The pre-mitigation score for these sites is 1 (Table 5). 
 
AFTER Mitigation 
After the deployment of the artificial reef, the soft bottom assemblage will be displaced and hard 
bottom species will develop.  Hard bottom substrate provided by the artificial reef will include 
native coquina rock that is expected to promote settlement of species found at the impact site.  
Some taxa will be generalized about the substrate, whereas others will require particular 
topographic and chemical characteristics.  The proposed mitigation reefs were designed to 
account for the varied substrate preferences by individual species.  The score for this category 
is 9 (Table 5). 
 
4.6.3 Fishes 
 
BEFORE and AFTER Mitigation 
This ecological function does not apply to fishes. 
 
4.6.4 Sea Turtles 
 
BEFORE and AFTER Mitigation 
Sea turtles are found in association with substrate but not attached to it. 
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4.7 MITIGATION SITE – COVER 
 
4.7.1 Macroalgae 
 
BEFORE Mitigation 
Only one species of macroalgae is present in the mitigation area.  No provision of cover for turf 
species can be found.  Cover was scored as a 0 (Table 5). 
 
AFTER Mitigation 
The mitigation reef profile provides similar conditions as the impact site and seeks to mimic the 
structures and features that enhance macroalgal growth and attract the same epifauna.  This 
will provide similar assemblages with canopy/turf species cover relationships due to the 
available substrate.  It was scored as an 8 (Table 5).  
 
4.7.2 Invertebrates 
 
BEFORE Mitigation 
The pre-mitigation invertebrate assemblage found at the mitigation sites is expected to include a 
variety of typical infaunal and epifuanal species.  These species take cover by burrowing into 
the expanse of soft sediment.  However, because no hard bottom cover is available for hard 
bottom invertebrates, the score for this category is 1 (Table 5). 
 
AFTER Mitigation 
After the artificial reefs are deployed, the amount of cover for hard bottom species will 
dramatically increase.  Crevices, holes, and overhangs will provide crabs, shrimps, and sea 
urchins sufficient cover from predation, wave energy, and ultraviolet light.  The post-mitigation 
score is 8 (Table 5). 
 
4.7.3 Fishes 
 
BEFORE Mitigation 
Some demersal fishes such as snake eels, gobies, and jawfishes burrow into soft sediments for 
cover.  Some demersal species such as flounder (Paralichthys spp.) and red drum are managed 
fishery species.  Currently, the mitigation sites provide no cover for reef fish species and thus 
are given a score of 1 for adult and early life stages (Table 5).  
 
AFTER Mitigation 
After the artificial reefs are deployed the amount of cover will clearly increase.  Early life stage 
and adult reef fishes including snappers, grunts, porgies, and drums will utilize this cover.  
Because of the increase in cover available for all life stages, a score of 7 is given (Table 5).  In 
Palm Beach County the striped croaker, a species of special concern, seeks cover and is more 
abundant on artificial mitigation reefs than on adjacent natural reefs (Continental Shelf 
Associates, 2005, 2006).  A higher score was not given because species-specific differences in 
habitat preference will exclude some individuals and species on the deeper artificial reefs.  
 
4.7.4 Sea Turtles 
 
BEFORE Mitigation 
No cover at the mitigation site is currently present.  Sea turtles are rarely associated with bare, 
sand bottom habitats.  The function of cover at the mitigation site was scored 0 (Table 5).  
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AFTER Mitigation 
The physical characteristics of the substrate will provide the same benefits as discussed for the 
impact site.  Substrate placed in deeper waters, however, may influence the size-class 
distribution of green turtles in this area.  Currently, the average SCL of juvenile green turtles 
captured at the impact site is 35.8 cm.  Deeper refugia may attract a larger size class of turtles 
to utilize the area, possibly negatively impacting space for smaller turtles.  The after-mitigation 
score was a 7 (Table 5).  
 
4.8 MITIGATION SITE – NESTING AREA 
 
4.8.1 Macroalgae 
 
BEFORE and AFTER Mitigation 
(n/a) 
 
4.8.2 Invertebrates 
 
BEFORE Mitigation 
Some invertebrates that deposit demersal eggs may use the soft substrate at the mitigation 
sites.  The absence of hard bottom at the mitigation sites precludes egg laying by 
reef-associated invertebrates.  A score of 2 is given for this category (Table 5). 
 
AFTER Mitigation 
The artificial reef will provide hard surfaces for the deposition of eggs by invertebrates.  The 
structural design and use of coquina rock in the artificial reef will help simulate conditions found 
on the hard bottom of the impact site.  The difference in water depth between the impact and 
mitigation sites causes some uncertainty as to what species will actually use the artificial sites 
for nesting or egg laying.  However, because invertebrate species known to deposit demersal 
eggs occur in the area, a score of 5 is given for this category (Table 5).   
 
4.8.3 Fishes 
 
BEFORE Mitigation 
As described for invertebrates, some demersal fishes are known to deposit eggs directly on the 
seafloor.  However, most soft bottom species that occur in the region are water column 
spawners and do not deposit eggs in nests or on the substrate.  The score for this category is 1 
(Table 5). 
 
AFTER Mitigation 
After the artificial reef is in place, there will be considerable surfaces that could be used for egg 
laying by blennies, damselfishes, and clingfishes.  Crevices and holes will be more important for 
clingfishes and blennies, whereas damselfishes will use open areas under ledges.  Little is 
known about demersal egg laying behavior in fishes from the impact site, but because egg 
laying species are known to occur in the area, the post-mitigation score is 5 (Table 5).  
 
4.8.4 Sea Turtles 
 
BEFORE and AFTER Mitigation 
(n/a) 
While the adjacent beaches are nesting grounds for sea turtles, the nearshore waters are not 
used in this capacity. 
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4.9 MITIGATION SITE – FEEDING AREA 
 
4.9.1 Macroalgae 
 
BEFORE Mitigation 
The only macroalgae observed in the proposed mitigation area were fragments of Caulerpa 
prolifera, attached to exposed tubeworm casings (personal observation, K. Holloway-Adkins).  
The lack of substrate in the mitigation area eliminates the opportunity for macroalgal growth.  
This was scored as a 0 (Table 5). 
 
AFTER Mitigation 
Light and nutrients are major limiting factors for macroalgal growth.  The subtidal zone has 
adequate light and nutrient availability to promote the growth and production of macroalgae.  
The resources currently available to macroalgae at the subtidal zone of the impact site should 
be equivalent at the mitigation site.  Benefits of the subtidal zone include the fact that light may 
become less scattered and penetrate deeper than it does in the intertidal wave zone.  Feeding, 
available nutrients, and light penetration enhance macroalgae growth at the mitigation reef.  
This function was scored as a 7 (Table 5). 
 
4.9.2 Invertebrates 
 
BEFORE Mitigation 
The pre-mitigation soft bottom assemblage will be composed of taxa employing various feeding 
modes.  Infaunal species such as worms and bivalves will feed on suspended and deposited 
material.  Motile species such as crabs, shrimps, and gastropods will be predators or 
scavengers and echinoderms will graze on microbes covering sediment grains.  There are, 
however, no feeding opportunities for hard bottom taxa, and therefore the score is 2 (Table 5).  
 
AFTER Mitigation  
The artificial reef will provide feeding opportunities for motile and sessile hard bottom species.  
A trophic web will develop where motile species feed on other motile and sessile biota (Gore et 
al., 1978).  The after-mitigation score is 7. 
 
4.9.3 Fishes 
 
BEFORE Mitigation  
Demersal species may feed on infaunal and epifaunal invertebrates that characterize soft 
bottom habitats.  The fish assemblage at the mitigation site should be composed of demersal 
species (e.g., stingrays, red drum, Atlantic croaker, kingfishes, and flatfishes) that feed on soft 
bottom invertebrates and coastal pelagic species (e.g., sharks, tarpon, herrings, anchovies, 
Spanish mackerel, jacks) that feed on water column dwelling plankton, invertebrates, and 
fishes.  Hard bottom species feeding at the mitigation site would be limited to larger, wide 
ranging species such as grunts and snappers that may venture away from hard bottom to 
forage.  The pre-mitigation score for both juvenile and adult fishes was 2. 
 
AFTER Mitigation 
After mitigation, the presence of hard bottom will create feeding opportunities for hard bottom 
species that graze on attached invertebrates or algae.  In addition, many common hard bottom 
species and especially juvenile stages depend on input of plankton from the surrounding water 
column for nutrition.  The presence of the hard bottom structure will create small scale 
turbulence that will facilitate plankton feeding by these individuals.  Because juveniles are 
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expected to be represented by more species and individuals than adults, the post-mitigation 
score for juveniles was 8 and the post-mitigation score for adults was 7.  
 
4.9.4 Sea Turtles 
 
BEFORE Mitigation  
Juvenile green turtles would not find forage in this area.  Juvenile loggerhead turtles may feed 
on soft bottom invertebrates.  This function was scored 0 before mitigation (Table 5). 
 
AFTER Mitigation 
The substrate material is of similar composition as the nearshore rock at the impact site.  Many 
of the same macroalgal species present at the subtidal zone of the Mid Reach are expected to 
grow at the mitigation site.  Juvenile green turtles of a larger size class may have access to 
resources that were previously limited to a very small size class of turtles.  This could introduce 
intraspecies competition for space and resources.  This function was scored 7 (Table 5) under 
these predictions. 
 
4.10 MITIGATION SITE – NURSERY AREA 
 
4.10.1 Macroalgae 
 
BEFORE and AFTER Mitigation 
(n/a) 
 
4.10.2 Invertebrates 
 
BEFORE Mitigation 
Early life stages of soft bottom invertebrates are expected to be present throughout the 
mitigation site varying in abundances and occurrence with reproductive activity of adults at local 
and regional spatial scales.  This mitigation area may include early stages of managed penaeid 
shrimp species.  Young of hard bottom species at the mitigation site would be limited to cases 
where planktonic larvae colonized shell fragments, worm tubes, or other fragments of hard 
substrate present on the otherwise sandy bottom.  The pre-mitigation score for this category 
is 1. 
 
AFTER Mitigation 
Once the mitigation reef is in place, hard substratum will be available for use by early life stages 
of sessile and motile hard bottom species.  Colonization by sessile species will follow a 
successional trajectory that will reflect facilitation, inhibition, and tolerance by various epibiota.  
Young of motile invertebrates are expected to colonize the smaller spaces and ledges provided 
by the artificial reef.  One motile species likely to colonize the artificial reef is the 
federally-managed stone crab (Menippe mercenaria).  Although colonization by early life stages 
of both sessile and motile taxa is expected to be rapid, uncertainty remains about how closely 
the overall composition of the assemblage utilizing the artificial reef as a nursery area will 
resemble that of the impact site.  The post-mitigation score is 7. 
 
4.10.3 Fishes 
 
BEFORE Mitigation 
Early life stages of fishes present at the mitigation site are expected to be represented by young 
of kingfishes, drums, weakfish, flounders, and other demersal species.  Juveniles of hard 



 

28 

bottom species are not expected to occur other than by chance at the level bottom mitigation 
site.  The pre-mitigation score is 1. 
 
AFTER Mitigation 
Due to species-specific preferences, not all species found at impact site will initially settle at the 
mitigation sites, but a majority of the regional reef fish species including federally managed 
snapper, grunts, porgies, and groupers are expected to utilize the artificial reefs.  The artificial 
reefs lying in deeper waters may attract more predators than were found at the shallower impact 
sites and thus present a greater potential predation pressure to incoming larvae and juveniles.  
The proposed artificial reef is designed to provide ledges and small spaces for young fishes to 
hide in and lessen the predation factor.  The score for this category is 7 (Table 5).  
 
4.10.4 Sea Turtles 
 
BEFORE Mitigation 
The current site for the mitigation is not recognized as a nursery or developmental habitat.  
Green and loggerhead sea turtles are rarely associated with soft sand bottom.  This area was 
scored a 0 for nursery function (Table 5).  
 
AFTER Mitigation 
The area should function as developmental habitat for juvenile green turtles, however, 
competition from larger size class turtles may be a result of the mitigation reef resource 
placement in deeper waters.  The structural design of the mitigation reef was planned to create 
small crevasses specifically for small turtles to hide and rest in (Figure 1).  The area was scored 
7 for after the mitigation reef is in place (Table 5).  
 
4.11 UMAM SUMMARY EXPLANATION/IMPLICATIONS 
 
4.11.1 UMAM Rating for the Community Structure at the Impact Site 
 
BEFORE Impact 
Community structure at the impact site scored an average of 8.3 for the existing hard bottom 
without impact (Table 5).  All of the ecological functions listed were relevant for the associated 
taxa, and clearly these taxa are adapted to the nearshore hard bottom habitat.  The function that 
scored lowest (5) and brought this average down was the nesting function of the habitat.  
Nesting is not well known for invertebrates and fishes on the Mid Reach, and the low score for 
this category is due in part to uncertainty.  The other ecological functions related to the impact 
site score very high. 
 
AFTER Impact 
Burial of nearshore hard bottom reduces the substrate required for settlement and growth of 
macroalgae and sessile invertebrates.  Existing macroalgae and sessile invertebrates at the 
actual site of impact will be smothered and not be able to grow through the sand.  Marine 
turtles, fishes, and motile invertebrates will be displaced to adjacent hard bottom areas.  Overall, 
the community structure of the impact area undergoes a transformation from a hard bottom to a 
soft bottom assemblage.  These assemblage types differ in species composition and trophic 
structure.  Because hard bottom supports protected species as well as managed fishery species 
and because it represents much less of the regional coastal environment than does soft bottom, 
the average score for the impact site following the impact is 1 (Table 5).  
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4.11.2 UMAM Rating for the Community Structure at the Mitigation Site  
 
BEFORE Mitigation 
Although no samples have been taken, community composition at the mitigation site consists 
mostly of infaunal and epifaunal invertebrates.  Sand dollars, burrowing mollusks, brittle stars, 
and tubeworms provide foraging for some invertebrates, fishes and loggerhead sea turtles.  The 
availability of this resource, however, is fairly widespread and much lower in diversity when 
compared to hard bottom habitat.  The mitigation site was given an average rating of 0.9 
(Table 5).  The low score was given because of a lack of structured benthic habitat, not 
because the infauna/epifauna were considered unimportant.   
 
AFTER Mitigation 
Some of the impact site functions may not be duplicable at the new site.  The mitigation site is 
not replicating the shallow intertidal conditions that many larval fishes and invertebrates depend 
on for survival in early developmental stages.  Also, macroalgal species could be less diverse 
and abundant in the subtidal versus intertidal regions based on conditions that promote the 
photosynthesis processes.  The mitigation site was rated as a 7 (Table 5). 
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5.0  TIME LAG 
 
 
Time lag is incorporated into the gain in ecological value of the proposed mitigation.  It is 
associated with mitigation and means “the period of time between when the functions are lost at 
the impact site and when those functions are replaced by the mitigation.”  The scoring range is 
incrementally small and ranges from 1.0 (for 1 year or less) to 3.91 (for more than 55 years) 
(Table 6).  The evaluation process should consider physical, chemical, and biological factors.  
 
Table 6. Time lag.  The Year column represents the number of years between the time the 

impacts are anticipated to occur and the time when the mitigation is anticipated to fully 
offset the impacts, based on reasonable scientific judgment of the proposed mitigation 
activities and site-specific conditions (Source: Chapter 62-345, Florida Administrative 
Code). 

Year Time Lag 
< 1 1 
2 1.03 
3 1.07 
4 1.1 
5 1.14 

10-6 1.25 
15-11 1.46 
16-20 1.68 
21-25 1.92 
26-30 2.18 
31-35 2.45 
36-40 2.73 
41-40 3.03 
45-50 3.34 
51-55 3.65 
>55 3.91 

 
Time lag was estimated at 1 year (T=1.0) based on field observations conducted in Indian River 
County at the mitigation reef approximately 50 km (30 miles) south of the Mid Reach, other 
Florida artificial reef assessments, monitoring, and literature.  The proposed mitigation is 
expected to restore ecological functions in a relatively short period of time.  Some temporal 
variability will exist, however, based upon the season of placement and local recruitment. 
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6.0  RISK FACTOR 
 
 
The degree of uncertainty that the proposed mitigation will achieve desired results is evaluated 
under “mitigation risk.”  During the assessment of risk, several factors that affect the long-term 
viability of the mitigation project need to be considered.  Such factors include, but are not limited 
to, the potential for invasive species, degradation of water quality, and sustaining primary 
production.  Ratings range from 1.0 (no risk factor) to 3.0 (high risk factor).  The scale is 
increased at increments of 0.25. 
 
Risk associated with the proposed mitigation can be viewed as biological or physical.  We will 
focus on biological risks in this report; however, important physical risks are burial or movement 
of the proposed structures.  Some burial and erosion would actually be desirable in that it would 
mimic natural disturbance patterns that are important in maintaining species richness and 
re-setting succession trajectories within patches of hard bottom.     
 
The UMAM guidelines for determining a risk score require the applicant to consider several 
factors with respect to their likelihood and potential to reduce the ecological value of the 
mitigation.  The following factors are considered in relation to the vulnerability of the mitigation 
site to: 
 

1) the effect of different hydrologic conditions than those proposed; 
2) establishment and long-term viability of plant communities other than those 

proposed; 
3) colonization by invasive exotic or other invasive species; 
4) degraded water quality; 
5) secondary impacts due to its location; and 
6) direct impacts, considering its location. 

 
Factor 1 considers the vulnerability of the mitigation site to the effects of hydrologic conditions 
different than those proposed.  In the context of coastal waters of the Mid Reach hydrologic 
conditions of ecological importance are water depth, wave energy, sedimentation, turbidity, and 
light penetration.  These conditions are interrelated and differ between the impact and mitigation 
sites.  The uncertainty lies in how individual taxa will respond to different conditions and how 
this will affect the successional trend towards replicating functions lost at the impact site.  
However, most app. Thought to occur in the Mid reach have also been documented in water 
depths similar to the mitigation site. 
 
Factor 2 is related somewhat to the first in that differing physical conditions may promote the 
development of an ecological assemblage of primary producers that is different from that of the 
impacted area.  In temperate/subtropical waters of the Mid Reach, colonization of artificial reefs 
by epibiota is expected to occur rapidly (Cummings, 1994; Renaud et al.  1996; Svane and 
Peterson, 2001); however, composition of the assemblage will depend on timing and availability 
of propagules.  It is a fact that compositional similarity declines with distance between sites even 
though the sites are colonized by organisms from the same regional species pool (Nekola and 
White, 1999).  For this reason some level of variation should be allowed when comparing 
mitigation sites to impacts or natural reference sites.  If the assemblage that develops on the 
artificial reefs attracts colonists but conditions for growth and reproduction are suboptimal, then 
they could become sinks or ecological traps (Crowder et al., 2000).  Another contributor to risk 
in the community context is the potential for higher levels of predation, primarily by fishes at the 
artificial reefs (Hixon and Beets, 1989; Eklund, 1997).  To lessen the chance of building a 
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predation trap, the proposed mitigation reefs are being designed to provide adequate shelter for 
small fishes and invertebrates. 
 
Factor 3, the vulnerability of the mitigation site to invasion by exotic species, is not expected to 
be a problem for the Mid Reach.  Although exotic reef fishes have been reported from 
southeastern Florida (Semmens et al., 2004), it is unlikely that these mostly Indo-Pacific species 
will colonize the shallow waters of the Mid Reach.  There is one exception: the red lionfish 
(Pterois volitans).  This species is established offshore of North Carolina and the southeastern 
coast of the U.S. (Whitfield et al., 2002) and has been collected offshore of northeastern Florida 
(Ruiz-Carusa, 2006).  The exotic green alga (Caulerpa brachypus, LaPointe, et al., 2005) has 
been reported from southeastern Florida, but there is no indication of potential problems for 
Brevard County coastal waters.  
 
Factor 4 is the vulnerability of the mitigation site to degraded water quality.  This is not expected 
to affect the ability of the mitigation reefs to restore ecological functions.  Water quality 
necessary to support locally adapted biotic assemblages is present in Brevard County coastal 
waters, and there is no indication of that changing in the immediate future. 
 
Factor 5 concerns the vulnerability of the mitigation site to secondary impacts due to location 
and in relation to changes in land use practices or other regulations that would affect the ability 
of the mitigation reefs from restoring ecological functions.  There are no obvious secondary 
impacts related to local, state, or federal regulations on land use that would retard the 
development of the ecological functions of the mitigation reefs.   
 
Factor 6 includes the vulnerability of the mitigation site to direct impacts due to location and in 
relation to local, state, or federal regulation on land use.  Direct physical impact is also an 
important consideration for high-energy coastal waters such as those in Brevard County.  The 
tendency for mitigation reefs to settle into the sand and completely and permanently disappear 
has been documented for other areas along the Florida east coast (Continental Shelf 
Associates, Inc., 2005, 2006).  The seabed elevation, materials, and configuration of the 
proposed mitigation reef were designed to prevent or avoid the problem of settling or direct 
burial.  This design will also prevent reef components from moving or even being washed on 
shore.  With engineering assurances of the stability of the proposed mitigation reefs, this risk 
factor will be greatly reduced.  There are no obvious direct impacts expected from changes in 
land use practices. 
 
Because most hard bottom organisms associated with the Mid Reach have a dispersive 
planktonic stage capable of colonizing any hard substrate, there is little risk in the proposed 
reefs developing epibiotic and fish assemblages relatively rapidly.  The risk will be in the nature 
of the assemblage that develops and what portion of the biota present at the impact sites are 
not represented on the mitigation reefs.  There is not enough information on individual species 
life histories to predict which species will be most affected in this manner.  In the UMAM process 
risk is considered by evaluating the 6 factors discussed above.  We assigned expected scores 
for each factor then averaged those scores to derive a final risk score (Table 7). 
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Table 7.  UMAM risk scores.  Scores range from 1 (low risk) to 3 (high risk). 

Risk Factor Score 
Different Hydrologic Conditions 2 
Different Community Composition 2 
Exotic Invasion 1 
Degraded Water Quality 1 
Secondary impacts 1 
Direct Impacts 2 
Average Score 1.5 

 
Biological risks revolve around the recruitment and colonization and subsequent assembly of 
species on the artificial reefs.  Recruitment may not be the same in the deeper waters of the 
mitigation site, which is fragmented from the natural system.  Most of the species of concern 
have been documented in deeper depths at other sites and recruited from a distance of at least 
as far away or greater than the mitigation site.  In view of this observation and considering the 
fact that the migration site is only 300 to 400 m from the natural reef, these risks are limited. 
 
Colonization of macroalgae from propagules is dependent on critical factors including an 
adequate surface bio-layer, which is formed in the presence of other settling organisms.  
Macroalgae regenerated from fragments appear to colonize more quickly and are more 
successful for propagation (Ohno et al., 1990).  Subsequently, after colonization light 
penetration, nutrient levels, grazing, and water motion all contribute to the continued successful 
establishment and production of macroalgae.  These processes can take from 7 weeks to 
several months.  The Indian River County site had red and green macroalgal growth at 
approximately 6 months after deployment (Appendix A, Table 2).  
 
Several species of fishes and invertebrates were found in association with the PALM 
instruments that were placed in approximately 4.6 m MLW depth off the Mid Reach nearshore 
since 24 May 2006 (Appendix B).  The instruments have been deployed to measure the 
potential for Phragmatopoma caudata larvae to settle in deeper waters under chemical and 
directional flow treatments.  The instruments also contain separate test surfaces used to 
measure macroalgal recruitment on different substrate types.  When the units were examined 
after 44 days, they contained Phragmatopoma caudata, an abundance of hydroid species, and 
bryozoans.  Fishes, crabs, mollusks, and invertebrates were also found in association with the 
units (Appendix B).  Macroalgae, however, are not yet visibly detectable at this time.  
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7.0  SUMMARY 
 
 
Mitigation reefs proposed for this project cannot be assumed to replace all ecological functions 
for the same suite of species or life stages that exist on natural reefs in shallower water.  There 
are likely species-specific differences in sensory perception to water depth, wave energy, light 
penetration, turbidity, and other factors that may be different at the proposed mitigation site.  In 
addition to these deterministic factors there is an element of uncertainty associated with the 
colonization of newly available substrate by marine organisms that leads to variability and 
unpredictability.  Nevertheless, a speculative estimate of the fraction of the macroalgal, 
invertebrate, and fish species present at the impact site that will ultimately reside on the 
mitigation reefs located 300 to 400 m offshore is 75%.  The extent of these discrepancies is 
unknown and therefore contribute to the risk associated with all habitat restoration projects. 
 
In this report, an attempt was made to more specifically evaluate the impact and mitigation sites 
in terms of seven key ecological functions:  habitat corridor, water quality, substrate, cover, 
nesting/reproduction, feeding, and nursery.  Each of these seven functions was considered in 
regard to four major taxonomic groups: macroalgae, invertebrates, fishes (juvenile and adult, 
separately), and marine turtles. The ecological functions of both the impact and mitigation sites, 
with particular regard to the hard bottom habitat, were evaluated for both pre- and post-project 
conditions. 
 
To facilitate the analyses of ecological functions, taxonomic groups, location (impact versus 
mitigation sites), and timing (before and after construction) were combined into multi-way tables. 
A scoring system of 0 to 10 was employed, with 0 representing least (or no) functional value and 
10 representing the greatest functional value.  A table was constructed for each of the three 
broad categories specified by the UMAM process: Location and Landscape Support, Water 
Environment, and Community Structure.  From these tables, grand mean scores were input into 
the standard UMAM forms to calculate the project-specific mitigation ratio.  Completed UMAM 
standard forms derived from the analyses are given in Appendix C. 
 
When each of the seven key functions were viewed in the average-aggregate (grand means), 
the combined function of the impact area was estimated to decrease from about 8.5 to 2.6. The 
combined function of the mitigation site was estimated to increase from about 2.1 to 7.2.  This 
represents a loss of about -5.9 at the impact site and a gain of about +5.1 at the mitigation site.  
The relative gain at the mitigation site is due, in large part, to the introduction of any hard bottom 
feature to an otherwise featureless seafloor.  In this context, the net gain in ecological function 
at the mitigation site represents about 86% of the net loss at the impact site.  
 
Alternately considered, the ecological function of the post-project mitigation site was scored as 
about 85% of the value of the pre-project impact site.  Once again, this reflected the average of 
scores from the seven key ecological functions evaluated for each of the four taxonomic groups 
in this study, computed for both the impact and mitigation sites.  Implicit in these results is the 
finding that macroalgae, invertebrates, fishes, green turtles, and other taxa are documented 
and/or predicted to utilize the mitigation site as described in this report.   
 
Viewed in the context of the broad UMAM categories, net gains in function at the mitigation site 
were scored to be about 95% of the value of losses at the impact site.   This value does not fully 
include risk.  In this study, a risk factor of 1.5 was selected.  Its application is numerically 
analogous to assigning a probability of 1/1.5 = 0.67 to the results of the initial evaluation.  In this 
way, with risk factor included, the net gains in ecological function at the mitigation site are 
expected to be about 64% of the losses at the impact site.  This value is of similar magnitude to 
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the speculative estimate, above, that some 75% of the fish and invertebrate species present at 
the impact site will reside on the mitigation reefs located offshore.   
 
By comparing the relative functional loss of the impacted habitat with the relative functional gain 
of the mitigative habitat, and including risk and time lag, the ratio of project mitigation-acreage 
versus impact-acreage is computed as follows: 
 

Functional Loss of Impact Area (delta) = 0.40______________________________________
Relative Functional Gain of Mitigation Area 

(delta) = 0.38

Risk Factor 
= 1.5  =  1.58Ratio = x Time Lag 

Factor = 1.0 x

 
 
Time lag and especially, risk greatly influence the final outcome of the UMAM mitigation ratio.  
The analyses presented here yielded a final ratio of 1.6 acres of mitigation reef for every 1 acre 
of natural nearshore hard bottom lost to the project.  The risk factor is related to inherent levels 
of uncertainty.  Much of the uncertainty in marine ecosystems can be classified into 
informational gaps (biological ignorance) and natural variability (Mangel, 2006).  To help reduce 
the uncertainty associated with constructing artificial reefs in waters deeper than those of the 
impact site, attempts are being made to shorten information gaps by 1) initiating the PALM 
study and 2) by examining artificial reefs deployed as mitigation for dredge-related hard bottom 
impacts offshore of Indian River County (south of the Mid Reach).  Details, albeit preliminary, of 
the PALM study are provided in Appendix B.  Site visits to the Indian River County mitigation 
reefs to the south revealed that macroalgal, invertebrate, and fish species known to occur on 
the hard bottom of the Mid Reach also were present on the artificial reefs.  Notes and 
observations from the site visits are provided in Appendix A.  These observations provide 
evidence that biota common to the natural nearshore hard bottom including macroalgae, 
invertebrates, and fishes will colonize structures 300 to 400 m from the existing reef.  In 
addition, the design of the proposed mitigation reef better mimics the structural characteristics 
and therefore key ecological functions of nearshore hard bottom than does quarried limestone 
boulders used in similar mitigation efforts elsewhere. 
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APPENDIX A 
 

DIVE SUMMARIES FROM DECEMBER 31, 2005 
IN INDIAN RIVER COUNTY, FLORIDA 
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Table A-1. Indian River County – Mitigation reef dive summary for December 31, 2005.  List of 
species found on the artificial reef created approximately 1 year earlier. 

Fishes Invertebrates Macroalgae Soft/Hard Corals Surface Observations 
Black margate 
(2” to 12”) 

Arbacia sp. (urchins) - 
abundant  Gorgonian Blue runner (caught on 

line) 
Sheepshead 
(4” to 20”) Sea cucumber   Spanish mackerel 

(caught on line) 

Porkfish 
(1” to 10”) 

Phragmatopoma 
caudata   

Caretta caretta 
(loggerhead) seen at 
surface 

Juvenile black margate Hydroids    
3 species of blenny 
including hairy blenny 
and molly miller  

Razor-like clams    

 
Water Temperature: 65o F Approximately 1 year – in situ 
Water Depth: ~ 20’ Southern Mitigation Reef  
 
Bottom topography: The mitigation boulders appear to have been previously colonized by some 
small clam-like organisms that are small and have a razor-like appearance.  The colonies of 
Phragmatopoma caudata appear to be old or dead.  The bottom around the mitigation site was 
fine sand.  Water clarity approximately 5. 
 
Comments: Many of the above species were photoed.  
No detectable wave surge was felt during a 45-minute dive. 
 
Divers: Mike McGarry, Virginia Barker, Karen Holloway-Adkins 
Captain: Daryl Adkins 
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Table A-2. Indian River County – Mitigation reef dive summary for December 31, 2005.  List of 
species found on the artificial reef created approximately 6 months earlier. 

Fish Invertebrates Macroalgae Soft/Hard Corals Surface 
Observations 

Black margates - 
juvenile 

Arbacia sp. (urchins) - 
few Bryothamnion seaforthii   

Sheepshead  Sea cucumber Gracilaria mammilaris   

Porkfish  Phragmatopoma 
caudata Botryocladia occidentalis   

Blennies Hydroids Gelidium spp.   
Snappers Tunicates Solieria spp.   
 Sponges Bryopsis plumose   

 
Water Temperature: 65o F Approximately 6 months – in situ 
Water Depth: ~ 14’ Northern Mitigation Reef 
 
Bottom topography: The mitigation boulders appeared to have healthy colonies of 
Phragmatopoma caudata.  The bottom around the mitigation site was relatively coarse.  
 
Comments: Many of the above species were photoed (Photos 3, 4, and 5).  A very detectable 
wave surge was felt during the dive, which lasted approximately 45 minutes.  Visibility was 
approximately 7 to 10 ft. 
 
Divers: Mike McGarry, Virginia Barker, Karen Holloway-Adkins 
Captain: Daryl Adkins 
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Photo 3. Sponges and tunicates covering limestone boulders on the artificial reef offshore of 

Indian River County. 
 
 

 
Photo 4. Red algae (Botryocladia sp.) and worm rock (Phragmatopoma cuadata) growing on 

the Indian River County artificial reef. 
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Photo 5. Juvenile porkfish (Anisotremus virginicus), black margate (A. surinamensis), and 

slippery dick (Halichoeres bivittatus) on the Indian River County artificial reef. 
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Table A-3. Indian River County – Natural reef dive summary for December 31, 2005.  List of 
species found on the natural reef located just northeast of the Breckonshire Wreck 
dive in Vero Beach, Florida.  

Fishes Invertebrates Macroalgae Soft/Hard Corals Surface 
Observations 

Lizardfish (4.5”) 
Arbacia sp. (urchins) – on 
leeward side in moderate 
numbers 

Solieria sp. Yellow gorgonian  

Dusky damselfish Phragmatopoma caudata Halymenia sp. Oculina finger coral  
Cocoa damselfish   Padina sp. Golf ball coral  
Spot or grunt     
Slippery dick     
Sheepshead     
Blennies     
Porkfish     
Cubbyu     
Gray snapper     
Black margate     

 
Water Temperature: 65o F Water Depth: ~ 14’ -19’ 
Time: 1350 h NE of Breckonshire Wreck 
 
Bottom topography: Low relief ledges (<2’).  Coarse sand bottom surrounding limestone reef 
ledges with Phragmatopoma caudata growth.  Water clarity top to bottom. 
 
Comments: Many of the above species were photoed.  A very detectable wave surge was felt 
during the dive, which lasted, approximately 30 minutes.  
 
Divers: Mike McGarry, Virginia Barker, Karen Holloway-Adkins 
Captain: Daryl Adkins 
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APPENDIX B 
 

SHORT SUMMARY OF THE PRELIMINARY FINDINGS ON THE 
PROPAGULE AND LARVAE MEASUREMENT (PALM) METHOD 

AND INSTRUMENTS USED 
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Table B-1. Cursory list of organisms found in, around, or growing on the Propagule and Larvae 
Measurement (PALM) instruments.  PALM instruments were deployed May 24, 
2006.  After 44 days (July 8, 2006) the instruments were raised for maintenance and 
to replace the panels used to measure larval recruitment of Phragmatopoma 
caudata.  

Fishes Invertebrates Soft/hard Corals Macroalgae 

Sand perch (Diplectrum sp.) Peppermint shrimp (Lysmata 
wurdamnni)   

Jackknife (juvenile) (Equetus sp.) Hydroid zoanthid   
Sea bass (Serranus sp.) Unbranched hydroid   
Molly miller (Scartella cristata)  Sun zoanthid   
Clingfish (Gobiesox sp.) Bugula neritina   
Hairy blenny (Labrisoma nuchipinnis) Barnacles   
Blenny – juvenile (L. nuchipinnis) Sabella worm   
Saddled blenny (Malacoctenus 
triangulatus) Phragmatopoma caudata    

Atlantic spadefish (Chaetodipterus faber) Cuban stone crab   
Juvenile porkfish (Anisotremus 
virginicus) Other crab species (unid.)   

Leopard searobin (Prionotus scitulus) Atlantic strawberry cockle   
White grunt (Haemulon plumieri)    
Tomtate (Haemulon auronlineatum)    
Lane snapper (Lutjanus synagris)    

 
Water Temperature: – 80o F PALM UNITS 1-3 
Water Depth: 4.6 m (MLW) 
 
Comments: The area under and around the base of the PALM is scoured out to a depth of 
approximately 10 to 12” – creating a small hole in which the unit sits.  Spadefish swarm the 
boxes and blennies hide between the surface tiles that are 5/8” thick.  Peppermint shrimp were 
abundant on the boxes.  Grunts were actively feeding on the shrimp as the boxes were being 
lifted.  Several different fish were observed foraging on the hydroids and other unidentified 
material on the surface of the boxes.  The visibility on the day of exchange was 5’ to 6’.  During 
previous maintenance dives the visibility has been less than 1” and as much as 3’ around the 
boxes.  Light penetration is variable.  The ropes used to secure the boxes to the screw anchors 
tend to attract fragments of macroalgae.  It is undeterminable, at this time, whether the algae 
are growing on the ropes. 
 
NOTE: The PALM is designed with an open bottom and 5-sides (top and 4 side panels).  This “box” sits 

on an open concrete block base and is situated according to directional compass headings 
(N, S, E, W).  The directional panels are designed to measure Phragmatopoma caudata larval 
recruitment under different current regimes.  Each panel also tests different chemical 
treatments.  The top of the box is designed to measure macroalgae growth on 4 different types 
of substrates.  The side panels are replaced at intervals but the top (macroalgae) panel, while 
monitored and photoed, will remain in situ until the end of the experiment (March 2007). 
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APPENDIX C 
 

UMAM SCORING TABLES – IMPACT AND MITIGATION 
 



 

C-2 

Completed UMAM form for the quantification of assessment area of impact. 
PART II  – Quantification of Assessment Area (impact or mitigation) 

(See Sections 62-345.500 and .600, F.A.C.) 
 

Site/Project Name Application Number Assessment Area Name or Number 

Brevard County Mid Reach     

Impact or Mitigation Assessment conducted by: Assessment date: 

Impact Area     

 
Scoring Guidance Optimal (10) Moderate (7) Minimal (4) Not Present  (0) 

The scoring of each 
indicator is based on 

what would be suitable 
for the type of wetland 

or surface water 
assessed 

 
Condition is optimal 
and fully supports 

wetland/surface water 
functions 

Condition is less than 
optimal, but sufficient to 

maintain most 
wetland/surface 
waterfunctions 

Minimal level of support of 
wetland/surface water 

functions 

Condition is insufficient to 
provide wetland/surface 

water functions 

 

.500(6)(a) Location and 
Landscape Support 

w/o pres 
or 

current 
with 

9 

 
 

4.4 

Habitats surrounding the project area represent the full range needed for all wildlife listed in Part 1- 
exotic species are not present, wildlife access not limited, surrounding land use has not adversely 
affected fish and wildlife.  Distance from offshore spawning sites and offshore adult habitat is less 
than optimal. 

.500(6)(b) Water Environment 
(n/a for uplands) 

w/o pres 
or 

current 

  
with 

9 

  
  

9 

No direct or indirect discharges affect water quality. Water depth, wave energy, currents, and light 
penetration are optimal for organisms listed in Part 1 

  
500(6)© Community structure 

 
 

1.  Vegetation and/or 
2. Benthic Community 

 
w/o pres 

or 
current 

  
with 

8.32 

  
  

1.02 

Numbers and kinds of benthic organisms are optimal, exotic species are not present, natural 
colonization trajectories, recruitment, and age distribution are optimal for the area, species are in 
good condition, with typical biomass.  Quasi-isolated nature of the site is less than optimal for 
receiving colonists and immigrants. Structural features are typical of the system with no evidence of 
physical damage.  Topographic features are typical and optimal for the benthic community being 
evaluated.  Spawning and nesting habitats are optimal for the community type.  

 

If preservation as mitigation,  For impact assessment areas Score = sum of above 
scores/30   (if uplands, divide 

by 20) Preservation adjustment factor =  
current 
or w/o 
pres 

with 

 
Adjusted mitigation delta =  

 

FL = delta x acres = 0.4*1=0.4 

 
0.88 

  
  

.048 
 

 
 If mitigation For mitigation assessment areas 

Delta = [with-current] Time lag (t-factor) =  

0.4  Risk factor =   
RFG = delta/(t-factor x risk) =  

 

Form 62-345.900(2), F.A.C.  [effective date 02-04-2004] 
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Completed UMAM form for the quantification of assessment area for mitigation site. 
PART II  – Quantification of Assessment Area (impact or mitigation) 

(See Sections 62-345.500 and .600, F.A.C.) 
 

Site/Project Name Application Number Assessment Area Name or Number 

Brevard County Mid Reach     

Impact or Mitigation Assessment conducted by: Assessment date: 

Mitigation     

 
Scoring Guidance Optimal (10) Moderate (7) Minimal (4) Not Present  (0) 

The scoring of each 
indicator is based on 

what would be suitable 
for the type of wetland 

or surface water 
assessed 

 
Condition is optimal 
and fully supports 

wetland/surface water 
functions 

Condition is less than 
optimal, but sufficient to 

maintain most 
wetland/surface 
waterfunctions 

Minimal level of support of 
wetland/surface water 

functions 

Condition is insufficient to 
provide wetland/surface 

water functions 

 

.500(6)(a) Location and 
Landscape Support 

w/o pres 
or 

current 
with 

1 

 
 

6.4 

The proposed reef locations are offshore and in deeper water than the impact sites.  This results in 
differences in wave energy and light penetration and the location relative to local spawning and adult 
habitats is somewhat isolated. 

.500(6)(b) Water Environment 
(n/a for uplands) 

w/o pres 
or 

current 

  
with 

9 

  
  

9 

No reason to expect changes in water quality. 

  
500(6)© Community structure 

 
 

1.  Vegetation and/or 
2. Benthic Community 

 
w/o pres 

or 
current 

  
with 

0.9 

  
  

7 

In deeper water, appropriate species composition and diversity will differ from those measured at the 
impact site.  Some species may experience increased competition (and predation) from larger, older 
individuals that will affect mortality, growth rate, and condition.  Spawning, nesting, and foraging 
areas for residents will be less than optimal.  Topographic complexity and substrate characteristics 
will differ as will light penetration and wave energy. 

 

If preservation as mitigation,  For impact assessment areas Score = sum of above 
scores/30   (if uplands, divide 

by 20) Preservation adjustment factor =  
current 
or w/o 
pres 

with 

 
Adjusted mitigation delta =  

 

FL = delta x acres = 

 
0.36 

  
  

0.75 
 

 
 If mitigation For mitigation assessment areas 

Delta = [with-current] Time lag (t-factor) = 1 

0.38  Risk factor = 1.50  
RFG = delta/(t-factor x risk) = 0.253 
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Mitigation Determination Formulas 
(See Section 62-345.600(3), F.A.C.) 

 
For each impact assessment area: 

(FL) Functional Loss = Impact Delta X Impact acres 

For each mitigation assessment area: 
(RFG) Relative Functional Gain = Mitigation Delta (adjusted for preservation, if applicable)/((t-factor)(risk)) 

(a) Mitigation Bank Credit Determination 

The total potential credits for a mitigation bank is the sum of the credits for each assessment area where assessment area 
credits equal the RFG times the acres of the assessment area scored 

      
    
 

Bank 
Assessment 

Area RFG X Acres = Credits   
    
    
    
 

example 
a.a.1 
a.a.2 
total    

(b) Mitigation needed to offset impacts, when using a mitigation bank 

The number of mitigation bank credits needed, when the bank or regional offsite mitigation area is assessed in accordance 
with this rule, is equal to the summation of the calculated functional loss for each impact assessment area.   

    
    
 

Impact 
Assessment 

Area FL = 
Credits 
needed   

     
     
     
 

example 
a.a.1 
a.a.2 
total     

(c) Mitigation needed to offset impacts, when not using a bank 

To determine the acres of mitigation needed to offset impacts when not using a bank or a regional offsite mitigation area as 
mitigation, divide functional loss (FL) by relative functional gain (RFG).  If there are more than one impact assessment area 
or more than one mitigation assessment area, the total functional loss and total relative functional gain is determined by 
summation of the functional loss (FL) and relative functional gain (RFG) for each assessment area. 

   FL / RFG = Acres of 
Mitigation   

      
 0.4  0.084 4.7   
    
 

example 
a.a.1 
a.a.2 
total    
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1.0  INTRODUCTION 
 
 
This document provides data and information supporting an analysis of impact and 
corresponding mitigation using the Habitat Equivalency Analysis (HEA).  The HEA 
provides information concerning the amount of proposed restoration required for 
damaged or lost natural resources.  HEA assumes that compensation for lost ecological 
services (functions) can be provided by restoration (mitigation) projects that provide 
comparable services and implicitly balances lost economic value with economic value 
provided by compensatory mitigation. 
 
The impact and mitigation scenarios analyzed are proposed to occur off the Mid Reach 
segment of coastal Brevard County, Florida (Florida Department of Environmental 
Protection [FDEP] Monuments R-75.4 to R-118.3).  The assessed impact is the loss of 
nearshore hard bottom habitat that will be buried during a shoreline protection project 
involving sand dredged from an offshore location and then placed to the onshore fill site 
by truck-haul.  In the present case, the impact site is defined to mean the intertidal and 
subtidal nearshore hard bottom that would be impacted (i.e., buried) by the project.  This 
specifically includes portions of the existing hard bottom that are ephemerally exposed 
near the low tide shoreline in water depths less than about 1 m (mean low water [MLW]). 
 
The physical characteristics of the Mid Reach rock resource are described in detail in 
Olsen Associates, Inc. (2003).  Nearshore hard bottom supports algae, invertebrates 
(sessile and motile), fishes, and marine turtles and is considered essential fish habitat 
and a habitat area of particular concern by the National Marine Fisheries Service and the 
South Atlantic Fishery Management Council (1998).  Key ecological services provided 
by nearshore hard bottom include substrate, shelter, habitat connectivity, feeding sites, 
nesting sites, and nursery areas.  A synthesis of ecological information on nearshore 
hard bottom of the Mid Reach was prepared by Continental Shelf Associates, Inc. (CSA) 
et al. (2006 and 2008). 
 
The proposed mitigation seeks to restore ecological services lost to the burial of 
nearshore hard bottom habitat by constructing “like” replication of hard bottom 
(i.e., mitigation reef).  The mitigation reef will be placed in a water depth of approximately 
4.6 m (MLW) so that the top of the reef structure will be at a depth of approximately 
4.0 to 4.3 m.  The mitigation reef will be placed approximately 300 to 400 m from shore 
(seaward of the impact site) on sand bottom.  Thus, the structural complexity of the 
mitigation reefs mimics the natural nearshore hard bottom, but for practical and logistical 
reasons the reefs are to be deployed in water depths that are slightly deeper than those 
at the impact site.  Details of the mitigation reef design, construction, and deployment 
are presented in CSA et al. (2006 and 2008). 
 
1.1 HABITAT EQUIVALENCY ANALYSIS 
 
1.1.1 Method 
 
The conceptual basis for HEA is that restoring or replacing habitat that offers 
comparable services can compensate for lost ecological services.  Primary restoration 
addresses the impacted resource directly, while compensatory restoration is planned to 
replace lost services. 
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Primary restoration refers to actions concerned with the recovery of damaged natural 
resources to their baseline condition.  These actions may include active tasks to 
accelerate habitat recovery or passive measures such as monitoring natural recovery.  
Alternatively, instead of primary restoration, compensatory restoration can be used to 
restore ecological services lost in perpetuity.  In the case of the Mid Reach shoreline 
protection, we assumed that the impacted hard bottom areas would remain permanently 
buried and therefore would not recover naturally.  Despite this assumption it is likely that 
the impacted acreage will vary and may be as low as 1.6 to 1.8 acres between beach fill 
placement activities and depending on local conditions.  Nevertheless, lost ecological 
services would be restored through compensatory mitigation, i.e., through the 
construction of artificial mitigation reefs near to the impacted resource. 
 
Following the HEA concept, responsible parties must pay for (or implement) 
compensatory restoration projects that are sufficient to provide replacement services 
that are equal in value to the lost services (Peacock, 1999).  Compensation is 
determined in three steps:  
 

1. Select and scale appropriate primary restoration; 
2. Select appropriate compensatory restoration/mitigation; and 
3. Scale the appropriate quantity of compensatory restoration. 

 
Lost ecological services are characterized as a proportional reduction below pre-damage 
natural resource conditions (i.e., between 0% and 100% loss in function).  These 
proportional reductions are then applied to the affected habitat area (acres) and 
aggregated over time (years) to obtain the total cumulative quantity of lost services 
(e.g., acre-years), in accordance with a present-value discount rate.   
 
Restored or compensatory ecological services are similarly characterized as a 
proportion of the pre-damage natural resource’s functions (i.e., between 0% and 100% 
repair or replacement of function, relative to the pre-damage natural resource).  These 
proportional replacements in function are likewise aggregated over time to obtain the 
cumulative quantity of replaced services, relative to the lost ecological services of the 
impacted natural resource.  Comparison of the two cumulative quantities (i.e., lost 
services versus restored or compensatory services) yields the requisite quantity of 
restored or compensatory services that must be provided. 
 
1.1.2 Application 
 
The first step in the analysis is to compute the scale of the damaged resource to be 
restored or compensated.  The total area of impact associated with the proposed shore 
protection project along Brevard County’s Mid Reach is 3.0 acres of nearshore hard 
bottom.  As noted above, for purposes of this analysis, it is assumed that this impact 
area will be permanent; i.e., that the shore protection project is maintained indefinitely 
and that the impacted resource will not recover naturally.  It is also assumed that the 
area of impact has an estimated 100% loss of ecological services following burial by the 
placement and subsequent equilibration of placed beach fill; and, it is assumed that this 
impact occurs wholly and immediately after construction.  (This is a conservative 
assumption because some of the impact is actually predicted to occur over a period of 
several years after construction -- as a result of long-term equilibration and alongshore 
diffusion of the beach fill.) 
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Lost ecological services due to the burial of nearshore hard bottom are quantified in 
Appendix Table A.1.  The current value of lost services in each year was calculated by 
applying the associated percent of lost services to the area (acres) of direct impact; or 
100% x 3.0 acres in the present case.  The present value of lost services in each year, 
through perpetuity, is the associated current value discounted through future years at 
3.0% per year.  These present values were then aggregated over all years to calculate 
the total quantity of lost services (acre-years) due to the impact.  (In the present 
application, a 215-year period was selected as representative of “perpetuity” because 
the ultimate mathematical solution asymptotically closes toward its perpetual value at 
this point.  That is, the computed solution differs by less than 0.0002% per year beyond 
a time period of 215 years.  Thus, the 215-year analysis period is considered to 
adequately represent the asymptotic solution at perpetuity.) 
 
The present value of lost services is the current value discounted to the year 2010, 
which is the proposed year of the impact, and is equal to 102.8 acre-years.  See Table 1, 
below.  The standard annual 3% discount rate was applied during the HEA.  (The rate of 
3% is historically used, but a higher Federal Reserve rate of for example 6.5% may be 
employed in some cases, for which the result is described later.) 
 
The second step of the HEA process is to determine compensatory restoration and its 
relative productivity.  During each year of replacement services, compensatory 
restoration provides a proportional equivalent of the natural resource baseline services 
that is referred to as its relative productivity. 
 
The amount of time necessary for colonization of artificial reefs is reported to be highly 
variable (Cummings, 1994; Svane and Petersen, 2001).  Colonization of the artificial 
reefs is defined as rehabilitation of the biological community following the impact to an 
ecological level comparable to the condition of the natural reef prior to the impact.  This 
colonization period for the artificial reef is considered recovery time in the HEA.  
Recovery time depends on site-specific ecological conditions following the impact event 
and potential external disturbances that may affect successional processes during 
colonization.  In the nearshore environment, ecological recovery will primarily depend on 
colonization of mitigated reefs by settling larvae and spores and on growth and 
reproduction of surviving biota at adjacent non-impact areas.  Because the epibiota 
found on hard bottom of the Mid Reach consists primarily of macroalgae (CSA et al., 
2006 and 2008), recovery is assumed to be rapid (1.5 to 2 years).  We estimated 
colonization of the mitigation reefs will reach an ecological level comparable to that of 
the lost nearshore hard bottom in 2 years; this value was used in the HEA calculations 
as described below. 
 
Because the mitigation reefs are being placed in deeper water than that of the impacted 
hard bottom, we conservatively estimated that a maximum 75% of the ecological 
services will be restored, or 64% including risk allowance, described below.  This follows 
the analysis described in CSA et al. (2006), which considered the probable changes at 
the proposed impact and mitigation sites in terms of seven key ecological functions: 
habitat corridor, water quality, substrate, cover, nesting/reproduction, feeding, and 
nursery.  Each of these seven functions was considered in specific regard to four 
taxonomic groups: macroalgae, invertebrates, juvenile and adult fishes, and marine 
turtles.  From the average of scores from these seven key ecological functions, 
evaluated for each of the four taxonomic groups, the ultimate ecological function of the 
post-project mitigation sites was predicted to be about 85% of the pre-damage impact 
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site.  More broadly, with conservative inclusion of risk or uncertainty, the net gains in 
ecological function of the mitigation structures were allowed as about 64% of the losses 
at the impact site.  The values of these assessments, from 64% to 85%, were consistent 
with the speculative estimate that some 75% of the macroalgal, invertebrate, and fish 
species present at the impact site will ultimately reside on the mitigation reefs (CSA et 
al., 2006 and 2008).  The present analysis utilizes a value of 64%, which includes 
allowance for risk (uncertainty), and an approximate one-year time lag for substantiative 
development of ecological function of the compensatory restoration, as described by 
CSA et al (2006, 2008). 
 
The relative productivity of the compensatory restoration is estimated to increase linearly 
for 1 year from 0% in year 2010 to 64% in year 2011.  The assumed maximum relative 
productivity (64%) of the artificial structures is assumed to continue from year 2011 into 
perpetuity (or, for computational purposes in this case, through the year 2224 as 
described above).  In this way, the total value of relative productivity of the mitigation 
reefs at current rates, for 2010, 2011, and 2012 to 2224, respectively, is 0 + 64% + (213 
years x 64%) = 13,696%.  The total present value of relative productivity, from 2010 
through 2224, is 2,130%; or, applied to one-acre of constructed reef, equates to 21.3 
acre-years.  This is the total discounted acre-years of ecological services provided by 
each acre of compensatory restoration (Table 1). 
 
Table 1. Cumulative lost services and relative productivity of compensatory restoration 

for Brevard County Mid Reach. 

 
 
 

Year 

Lost Services (Existing 
Hardbottom) - Acres 

Relative Productivity of  
Compensatory Restoration 

(Mitigation Reef) 

Current Value Present Value Current Value Present Value 
2010 3.0 Ac 3.0 Ac-yr 0% 0.0 % 
2011 3.0 Ac 2.9 Ac-yr 64% 62.1% 
2012 3.0 Ac 2.8 Ac-yr 64% 60.3% 

2013-2224 3.0 Ac / yr 94.1 Ac-yrs 64% / yr 2007.1% 
 Total: 102.8 Ac-yrs Total: 2130% 
 
 
Using the information above, the final step of the process (scaling the quantity of 
compensatory mitigation) indicates that it will require 102.8 acre-years/21.3 acre-years 
per compensatory acre = 4.8 acres of artificial structures to compensate for accrued lost 
services associated with a 3.0-acre area of impact at the Mid Reach shore protection 
project site.  This considers that the losses at the impact site are constant (3.0 acres) 
and perpetual, and that the services provided by the mitigation reef are likewise 
perpetual; and, it presumes that the relative productivity of the mitigation reef is not more 
than 64% of the impacted resources.  It considers that losses at the impact site are 
immediate after construction and that maximum productivity at the mitigation site occurs 
1 year after its construction.  The results suggest a requisite mitigation ratio of 4.8/3.0 = 
1.6; or, approximately 1.6 acres of compensatory mitigation per acre of impact. 
 
The results given above represent the base case using a discount rate of 3% and 
relative mitigation-reef productivity of 64%.  To demonstrate how the results would vary 
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with different discount rates, relative productivity values and time lags, a sensitivity 
analysis is presented in Table 2.  From the table, this analysis shows that the requisite 
acreage of compensatory mitigation increases by about 5% when a discount rate of 
6.5% is used in the calculations versus a discount rate of 3.0%  Thus, for the predicted 
relative productivity of the mitigation reef being not more than 64% of the impacted 
resources, the requisite mitigation ratio increases from about 1.60 acres of 
compensatory mitigation per acre of impact (using a discount rate of 3%) to about 1.66 
acres (using a discount rate of 6.5%); or, from approximately 1.6 to 1.7. 
 
In the present case, varying the predicted productivity of the mitigation reef by ±X% 
results in an equivalent X percent-change in the requisite acreage of compensatory 
mitigation.  For example, from Table 2, an approximate 17% increase in the value of 
predicted productivity (from 64% to 75%) results in a computed 17% decrease in 
required mitigation reef area.  Varying the predicted time lag for the compensatory reef 
to reach its assumed productivity level, from one to two years, results in about a 2% to 
3% change in the calculated mitigation ratio, on average (see Table 2).    
 
 
Table 2. Compensatory mitigation calculated using different relative productivity and 

discount rates, and one-year versus two-year time lags for compensatory reef 
to reach assumed productivity level, for a constant and perpetual impact of 3.0 
acres. 

Productivity Level 

Calculated Compensatory Mitigation Requirement 
( Acres / [mitigation ratio] ) 

One-Year Time Lag Two-Year Time Lag 
Discount Rate = 3.0% 6.5% 3.0% 6.5% 

64% 4.8 Ac/[1.6] 5.0 Ac/[1.7] 4.9 Ac/[1.6] 5.2 Ac/[1.7] 
75% 4.1 Ac/[1.4] 4.3 Ac/[1.4] 4.2 Ac/[1.4] 4.4 Ac/[1.5] 
85% 3.6 Ac/[1.2] 3.8 Ac/[1.3] 3.7 Ac/[1.2] 3.9 Ac [1.3] 

 
 
 
The base predicted requirement for compensatory mitigation of 1.6 acres of 
compensatory mitigation reef per acre of loss at the impact site, calculated herein, is 
consistent with the 1.6 value computed by the Uniform Mitigation Assessment Method 
(UMAM) described by CSA et al (2006, 2008).  The 64% productivity level of the 
compensatory reef, utilized herein, reflects the effective value of the UMAM approach 
after allowance for risk (uncertainty); and both approaches assume a one-year time lag 
for this productivity level to be reached, as described by CSA et al (2006, 2008).  The 
results are not significantly sensitive to variation in the time lag or present-value discount 
rate.  Ultimately, the mitigation requirement established for the project by the State of 
Florida Department of Environmental Protection (FDEP) will be based upon application 
of UMAM.  As described herein, calculation by both the UMAM and HEA approaches 
results in a predicted requirement to construct approximately 1.6 x 3.0 acres = 4.8 acres 
of mitigation reef structure. 
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Table A.1. Quantification of lost services based on the direct loss of 3,0 acres.  
Calculations are based on 3.0 acres of direct impact; an annual discount rate 
of 3.0% is used to calculate present value. 

Year Nearshore 
Hard Bottom 

Current Value 
(acres) 

Present Value 
(acre-years) 

2010 100.0% 3.00 3.00 
2011 100.0% 3.00 2.91 
2012 100.0% 3.00 2.83 
2013 100.0% 3.00 2.75 
2014 100.0% 3.00 2.67 
2015 100.0% 3.00 2.59 
2016 100.0% 3.00 2.51 
2017 100.0% 3.00 2.44 
2018 100.0% 3.00 2.37 
2019 100.0% 3.00 2.30 
2020 100.0% 3.00 2.23 
2021 100.0% 3.00 2.17 
2022 100.0% 3.00 2.10 
2023 100.0% 3.00 2.04 
2024 100.0% 3.00 1.98 
2025 100.0% 3.00 1.93 
2026 100.0% 3.00 1.87 
2027 100.0% 3.00 1.82 
2028 100.0% 3.00 1.76 
2029 100.0% 3.00 1.71 
2030 100.0% 3.00 1.66 
2031 100.0% 3.00 1.61 
2032 100.0% 3.00 1.57 
2033 100.0% 3.00 1.52 
2034 100.0% 3.00 1.48 
2035 100.0% 3.00 1.43 
2036 100.0% 3.00 1.39 
2037 100.0% 3.00 1.35 
2038 100.0% 3.00 1.31 
2039 100.0% 3.00 1.27 
2040 100.0% 3.00 1.24 
2041 100.0% 3.00 1.20 
2042 100.0% 3.00 1.17 
2043 100.0% 3.00 1.13 
2044 100.0% 3.00 1.10 
2045 100.0% 3.00 1.07 
2046 100.0% 3.00 1.04 
2047 100.0% 3.00 1.00 
2048 100.0% 3.00 0.98 
2049 100.0% 3.00 0.95 
2050 100.0% 3.00 0.92 
2051 100.0% 3.00 0.89 
2052 100.0% 3.00 0.87 
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Year Nearshore 
Hard Bottom 

Current Value 
(acres) 

Present Value 
(acre-years) 

2053 100.0% 3.00 0.84 
2054 100.0% 3.00 0.82 
2055 100.0% 3.00 0.79 
2056 100.0% 3.00 0.77 
2057 100.0% 3.00 0.75 
2058 100.0% 3.00 0.73 
2059 100.0% 3.00 0.70 
2060 100.0% 3.00 0.68 
2061 100.0% 3.00 0.66 
2062 100.0% 3.00 0.65 
2063 100.0% 3.00 0.63 
2064 100.0% 3.00 0.61 
2065 100.0% 3.00 0.59 
2066 100.0% 3.00 0.57 
2067 100.0% 3.00 0.56 
2068 100.0% 3.00 0.54 
2069 100.0% 3.00 0.52 
2070 100.0% 3.00 0.51 
2071 100.0% 3.00 0.49 
2072 100.0% 3.00 0.48 
2073 100.0% 3.00 0.47 
2074 100.0% 3.00 0.45 
2075 100.0% 3.00 0.44 
2076 100.0% 3.00 0.43 
2077 100.0% 3.00 0.41 
2078 100.0% 3.00 0.40 
2079 100.0% 3.00 0.39 
2080 100.0% 3.00 0.38 
2081 100.0% 3.00 0.37 
2082 100.0% 3.00 0.36 
2083 100.0% 3.00 0.35 
2084 100.0% 3.00 0.34 
2085 100.0% 3.00 0.33 
2086 100.0% 3.00 0.32 
2087 100.0% 3.00 0.31 
2088 100.0% 3.00 0.30 
2089 100.0% 3.00 0.29 
2090 100.0% 3.00 0.28 
2091 100.0% 3.00 0.27 
2092 100.0% 3.00 0.27 
2093 100.0% 3.00 0.26 
2094 100.0% 3.00 0.25 
2095 100.0% 3.00 0.24 
2096 100.0% 3.00 0.24 
2097 100.0% 3.00 0.23 
2098 100.0% 3.00 0.22 
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Year Nearshore 
Hard Bottom 

Current Value 
(acres) 

Present Value 
(acre-years) 

2099 100.0% 3.00 0.22 
2100 100.0% 3.00 0.21 
2101 100.0% 3.00 0.20 
2102 100.0% 3.00 0.20 
2103 100.0% 3.00 0.19 
2104 100.0% 3.00 0.19 
2105 100.0% 3.00 0.18 
2106 100.0% 3.00 0.18 
2107 100.0% 3.00 0.17 
2108 100.0% 3.00 0.17 
2109 100.0% 3.00 0.16 
2110 100.0% 3.00 0.16 
2111 100.0% 3.00 0.15 
2112 100.0% 3.00 0.15 
2113 100.0% 3.00 0.14 
2114 100.0% 3.00 0.14 
2115 100.0% 3.00 0.13 
2116 100.0% 3.00 0.13 
2117 100.0% 3.00 0.13 
2118 100.0% 3.00 0.12 
2119 100.0% 3.00 0.12 
2120 100.0% 3.00 0.12 
2121 100.0% 3.00 0.11 
2122 100.0% 3.00 0.11 
2123 100.0% 3.00 0.11 
2124 100.0% 3.00 0.10 
2125 100.0% 3.00 0.10 
2126 100.0% 3.00 0.10 
2127 100.0% 3.00 0.09 
2128 100.0% 3.00 0.09 
2129 100.0% 3.00 0.09 
2130 100.0% 3.00 0.09 
2131 100.0% 3.00 0.08 
2132 100.0% 3.00 0.08 
2133 100.0% 3.00 0.08 
2134 100.0% 3.00 0.08 
2135 100.0% 3.00 0.07 
2136 100.0% 3.00 0.07 
2137 100.0% 3.00 0.07 
2138 100.0% 3.00 0.07 
2139 100.0% 3.00 0.07 
2140 100.0% 3.00 0.06 
2141 100.0% 3.00 0.06 
2142 100.0% 3.00 0.06 
2143 100.0% 3.00 0.06 
2144 100.0% 3.00 0.06 
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Year Nearshore 
Hard Bottom 

Current Value 
(acres) 

Present Value 
(acre-years) 

2145 100.0% 3.00 0.06 
2146 100.0% 3.00 0.05 
2147 100.0% 3.00 0.05 
2148 100.0% 3.00 0.05 
2149 100.0% 3.00 0.05 
2150 100.0% 3.00 0.05 
2151 100.0% 3.00 0.05 
2152 100.0% 3.00 0.05 
2153 100.0% 3.00 0.04 
2154 100.0% 3.00 0.04 
2155 100.0% 3.00 0.04 
2156 100.0% 3.00 0.04 
2157 100.0% 3.00 0.04 
2158 100.0% 3.00 0.04 
2159 100.0% 3.00 0.04 
2160 100.0% 3.00 0.04 
2161 100.0% 3.00 0.03 
2162 100.0% 3.00 0.03 
2163 100.0% 3.00 0.03 
2164 100.0% 3.00 0.03 
2165 100.0% 3.00 0.03 
2166 100.0% 3.00 0.03 
2167 100.0% 3.00 0.03 
2168 100.0% 3.00 0.03 
2169 100.0% 3.00 0.03 
2170 100.0% 3.00 0.03 
2171 100.0% 3.00 0.03 
2172 100.0% 3.00 0.02 
2173 100.0% 3.00 0.02 
2174 100.0% 3.00 0.02 
2175 100.0% 3.00 0.02 
2176 100.0% 3.00 0.02 
2177 100.0% 3.00 0.02 
2178 100.0% 3.00 0.02 
2179 100.0% 3.00 0.02 
2180 100.0% 3.00 0.02 
2181 100.0% 3.00 0.02 
2182 100.0% 3.00 0.02 
2183 100.0% 3.00 0.02 
2184 100.0% 3.00 0.02 
2185 100.0% 3.00 0.02 
2186 100.0% 3.00 0.02 
2187 100.0% 3.00 0.02 
2188 100.0% 3.00 0.02 
2189 100.0% 3.00 0.02 
2190 100.0% 3.00 0.01 



 
 
Table A.1.  (Continued). 

A-6 

Year Nearshore 
Hard Bottom 

Current Value 
(acres) 

Present Value 
(acre-years) 

2191 100.0% 3.00 0.01 
2192 100.0% 3.00 0.01 
2193 100.0% 3.00 0.01 
2194 100.0% 3.00 0.01 
2195 100.0% 3.00 0.01 
2196 100.0% 3.00 0.01 
2197 100.0% 3.00 0.01 
2198 100.0% 3.00 0.01 
2199 100.0% 3.00 0.01 
2200 100.0% 3.00 0.01 
2201 100.0% 3.00 0.01 
2202 100.0% 3.00 0.01 
2203 100.0% 3.00 0.01 
2204 100.0% 3.00 0.01 
2205 100.0% 3.00 0.01 
2206 100.0% 3.00 0.01 
2207 100.0% 3.00 0.01 
2208 100.0% 3.00 0.01 
2209 100.0% 3.00 0.01 
2210 100.0% 3.00 0.01 
2211 100.0% 3.00 0.01 
2212 100.0% 3.00 0.01 
2213 100.0% 3.00 0.01 
2214 100.0% 3.00 0.01 
2215 100.0% 3.00 0.01 
2216 100.0% 3.00 0.01 
2217 100.0% 3.00 0.01 
2218 100.0% 3.00 0.01 
2219 100.0% 3.00 0.01 
2220 100.0% 3.00 0.01 
2221 100.0% 3.00 0.01 
2222 100.0% 3.00 0.01 
2223 100.0% 3.00 0.01 
2224 100.0% 3.00 0.01 
Total   102.82 
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Trans
ect

Approx. R-
Mon

Northing (FT-
NAD27)

Easting (FT-
NAD27)

Range
Grid 

Azimuth
Mon.*

1 R-75.3 1,410,085.5 629,717.3 -- 0 83 IRC
2 R-77.0 1,408,685.8 629,926.4 1,400 7 83 PKD
3 R-78.0 1,407,640.0 630,025.8 1,046 0 83 IRC
4 R-79.2 1,406,409.4 630,195.6 1,231 0 83 HUB
5 R-80.6 1,405,080.1 630,389.9 1,329 0 83 IRC
6 R-82.5 1,403,349.2 630,718.9 1,731 0 80 PKD
7 R-83.7 1,402,100.0 630,950.2 1,249 0 80 IRC
8 R-85.3 1,400,815.6 631,240.7 1,284 0 80 X
9 R-86.8 1,399,605.1 631,508.0 1,211 0 80 IRC

10 R-88.0 1,398,220.8 631,851.5 1,384 0 80 PKD
11 R-89.3 1,397,029.8 632,087.0 1,191 0 77 IRC
12 R-91.0 1,395,891.3 632,359.2 1,138 0 77 PKD
13 R-91.7 1,395,310.6 632,487.1 581 -8 77 IRC
14 R-92.3 1,394,869.5 632,591.5 441 -12 77 IRC
15 R-93.3 1,393,761.8 632,828.9 1,108 0 77 IRC
16 R-94.5 1,392,670.0 633,093.4 1,092 0 77 PKD
17 R-96.0 1,391,364.6 633,407.8 1,305 0 77 PKD
18 R-97.6 1,389,911.8 633,734.8 1,453 -3 77 IRC
19 R-99.0 1,388,642.9 634,001.0 1,269 -10 77 IRC
20 R-100.4 1,387,300.2 634,298.5 1,343 -20 77 IRC
21 R-101.25 1,386,440.9 634,510.0 859 -9 77 IRC
22 R-102.0 1,385,740.5 634,671.1 700 -10 76 IRC
23 R-102.8 1,384,984.0 634,873.0 756 9 77 IRC
24 R-103.7 1,384,168.9 635,089.4 815 0 75 PK
25 R-104.9 1,383,384.3 635,254.4 785 10 77 IRC
26 R-105.5 1,382,632.3 635,438.8 752 0 81 IRC
27 R-106.35 1,381,653.8 635,666.7 978 0 81 IRC
28 R-106.8 1,381,192.1 635,759.8 462 0 81 IRC
29 R-107.3 1,380,712.7 635,898.8 479 0 85 PKD
30 R-107.7 1,380,296.0 635,992.0 417 0 85 PKD
31 R-108.4 1,379,771.3 636,133.9 525 0 85 PKD
32 R-109.2 1,379,063.3 636,331.0 708 0 85 PKD
33 R-109.4 1,378,807.0 636,332.5 256 -20 85 IRC
34 R-109.8 1,378,458.0 636,427.7 349 -15 85 IRC
35 R-110.4 1,377,753.6 636,621.3 704 -30 85 IRC
36 R-111.0 1,377,253.1 636,758.2 501 -22 85 IRC
37 R-111.35 1,376,944.4 636,864.6 309 -4 85 PKD
38 R-112.0 1,376,353.0 637,013.6 591 0 85 PKD
39 R-112.3 1,376,051.3 637,079.3 302 0 85 PKD
40 R-112.6 1,375,755.9 637,153.7 295 0 85 IRC
41 R-113.3 1,375,190.0 637,313.8 566 0 85 IRC
42 R-113.95 1,374,657.7 637,470.0 532 0 85 PKD
43 R-114.1 1,374,474.8 637,516.4 183 0 85 PKD
44 R-114.6 1,374,010.4 637,643.2 464 0 85 PKD
45 R-115.15 1,373,330.8 637,832.0 680 0 85 PKD
46 R-116.2 1,372,554.4 638,044.6 776 0 85 PKD
47 R-116.7 1,372,067.1 638,172.4 487 -12 85 IRC
48 R-117.35 1,371,543.1 638,339.5 524 0 85 PKD
49 R-117.7 1,371,239.4 638,427.7 304 0 85 PKD
50 R-118.3 1,370,696.2 638,568.9 543 0 85 PKD

Table 2a: Ground-truth transect location and azimuth data
Northerly 
distance 
between 

stations (ft)
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Trans
ect

Approx. R-
Mon

feet stat. miles Date
Rock 

Length (ft)
Date

Rock 
Length (ft)

Date
Rock Length 

(ft)
Comments

1 R-75.3        39,389 7.46 5/22/2001 147 12/16/2002 199 Pineda Ocean Club
2 R-77.0        37,990 7.20 12/30/2002 92
3 R-78.0        36,944 7.00 12/16/2002 104 Opal Seas
4 R-79.2        35,713 6.76 5/25/2001 180 12/16/2002 195 East Horizons
5 R-80.6        34,384 6.51 12/30/2002 19 Monaco Condos
6 R-82.5        32,653 6.18 5/22/2001 98 6/21/2001 126 12/17/2002 24
7 R-83.7        31,404 5.95 12/17/2002 140
8 R-85.3        30,119 5.70 5/22/2001 272 6/22/2001 261 12/17/2002 185 Paradise Beach Club
9 R-86.8        28,909 5.48 12/17/2002 110 Buccaneer Beach 

10 R-88.0        27,525 5.21 5/22/2001 139 6/22/2001 74 12/17/2002 70
11 R-89.3        26,334 4.99 12/17/2002 39
12 R-91.0        25,195 4.77 5/22/2001 134 6/22/2001 74 12/17/2002 54
13 R-91.7        24,614 4.66 5/22/2001 128 12/18/2002 154 Emerald Shores
14 R-92.3        24,173 4.58 5/21/2001 61 12/18/2002 126 Eastwind Condos
15 R-93.3        23,066 4.37 12/18/2002 75 Pelican Bch So. 
16 R-94.5        21,974 4.16 5/21/2001 24 6/22/2001 26 12/18/2002 63 Desota Avenue
17 R-96.0        20,668 3.91 5/21/2001 99 6/22/2001 122 12/18/2002 112 Sunrise Avenue
18 R-97.6        19,216 3.64 5/21/2001 102 12/18/2002 68 Lantana Condos
19 R-99.0        17,947 3.40 12/18/2002 110
20 R-100.4        16,604 3.14 5/21/2001 114 6/22/2001 75 12/18/2002 137
21 R-101.25        15,745 2.98 12/18/2002 106
22 R-102.0        15,044 2.85 5/21/2001 0 12/18/2002 19
23 R-102.8        14,288 2.71 12/18/2002 31
24 R-103.7        13,473 2.55 5/21/2001 16 6/21/2001 67 12/18/2002 80
25 R-104.9        12,688 2.40 12/18/2002 142
26 R-105.5        11,936 2.26 5/22/2001 61 12/18/2002 92
27 R-106.35        10,958 2.08 12/18/2002 136
28 R-106.8        10,496 1.99 12/18/2002 112
29 R-107.3        10,017 1.90 4/17/2001 115 6/21/2001 28 12/23/2002 39
30 R-107.7          9,600 1.82 4/17/2001 102 12/23/2002 49
31 R-108.4          9,075 1.72 4/17/2001 97 12/23/2002 70
32 R-109.2          8,367 1.58 4/17/2001 137 6/21/2001 51 12/23/2002 115 Holiday Inn
33 R-109.4          8,111 1.54 4/17/2001 19 12/30/2002 23
34 R-109.8          7,762 1.47 4/17/2001 92 6/21/2001 26 12/30/2002 63
35 R-110.4          7,057 1.34 4/17/2001 96 6/20/2001 24 12/30/2002 54
36 R-111.0          6,557 1.24 4/17/2001 71 12/30/2002 4
37 R-111.35          6,248 1.18 4/17/2001 51 6/20/2001 0 12/30/2002 43
38 R-112.0          5,657 1.07 4/17/2001 41 12/30/2002 28
39 R-112.3          5,355 1.01 4/17/2001 36 6/20/2001 0 12/23/2002 11
40 R-112.6          5,060 0.96 4/17/2001 71 12/23/2002 107
41 R-113.3          4,494 0.85 4/17/2001 62 6/20/2001 0 12/23/2002 0
42 R-113.95          3,962 0.75 4/17/2001 55 12/23/2002 62
43 R-114.1          3,779 0.72 4/17/2001 46 6/20/2001 13 12/23/2002 0
44 R-114.6          3,314 0.63 4/17/2001 65 12/23/2002 7
45 R-115.15          2,635 0.50 4/16/2001 91 6/20/2001 60 12/30/2002 10
46 R-116.2          1,858 0.35 4/16/2001 50 12/30/2002 0 Outrigger Condos
47 R-116.7          1,371 0.26 12/30/2002 0
48 R-117.35             847 0.16 4/16/2001 80 6/20/2001 52 12/20/2002 1
49 R-117.7             543 0.10 4/16/2001 80 12/30/2002 0
50 R-118.3 -          0.00 4/16/2001 30 12/30/2002 11

Table 2b:  Ground-truth transect survey dates
Loc'n north of R118.3 

(ft)
Survey-1 Survey-2 Survey-3
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Trans
ect

Approx. R-
Mon

Dist-feet Dist-miles Survey Date Survey1-ft Survey Date Survey2-ft Survey Date Survey3-ft

1 R-75.3           39,389 7.46 5/22/2001 147 12/16/2002 199
2 R-77.0           37,990 7.20 12/30/2002 92
3 R-78.0           36,944 7.00 12/16/2002 104
4 R-79.2           35,713 6.76 5/25/2001 180 12/16/2002 195
5 R-80.6           34,384 6.51 12/30/2002 19
6 R-82.5           32,653 6.18 5/22/2001 98 6/21/2001 126 12/17/2002 24

AVG           36,179            6.85 5/23/2001            142 6/21/2001            126 12/20/2002              106 

7 R-83.7           31,404 5.95 12/17/2002 140
8 R-85.3           30,119 5.70 5/22/2001 272 6/22/2001 261 12/17/2002 185
9 R-86.8           28,909 5.48 12/17/2002 110

10 R-88.0           27,525 5.21 5/22/2001 139 6/22/2001 74 12/17/2002 70
11 R-89.3           26,334 4.99 12/17/2002 39
12 R-91.0           25,195 4.77 5/22/2001 134 6/22/2001 74 12/17/2002 54
13 R-91.7           24,614 4.66 5/22/2001 128 12/18/2002 154
14 R-92.3           24,173 4.58 5/21/2001 61 12/18/2002 126

AVG           27,284            5.17 5/21/2001            147 6/22/2001            136 12/17/2002              110 

15 R-93.3           23,066 4.37        12/18/2002 75
16 R-94.5           21,974 4.16        5/21/2001 24 6/22/2001 26 12/18/2002 63
17 R-96.0           20,668 3.91        5/21/2001 99 6/22/2001 122 12/18/2002 112
18 R-97.6           19,216 3.64        5/21/2001 102 12/18/2002 68
19 R-99.0           17,947 3.40        12/18/2002 110

AVG           20,574            3.90 5/21/2001              75 6/22/2001              74 12/18/2002                86 

20 R-100.4           16,604 3.14        5/21/2001 114 6/22/2001 75 12/18/2002 137
21 R-101.25           15,745 2.98        12/18/2002 106
22 R-102.0           15,044 2.85        5/21/2001 0 12/18/2002 19
23 R-102.8           14,288 2.71        12/18/2002 31
24 R-103.7           13,473 2.55        5/21/2001 16 6/21/2001 67 12/18/2002 80
25 R-104.9           12,688 2.40        12/18/2002 142

AVG           14,640            2.77 5/21/2001              43 6/21/2001              71 12/18/2002                86 

26 R-105.5           11,936 2.26        5/22/2001 61 12/18/2002 92
27 R-106.35           10,958 2.08        12/18/2002 136
28 R-106.8           10,496 1.99        12/18/2002 112
29 R-107.3           10,017 1.90        4/17/2001 115 6/21/2001 28 12/23/2002 39
30 R-107.7             9,600 1.82        4/17/2001 102 12/23/2002 49
31 R-108.4             9,075 1.72        4/17/2001 97 12/23/2002 70

AVG           10,347            1.96 4/25/2001              94 6/21/2001              28 12/20/2002                83 

32 R-109.2             8,367 1.58        4/17/2001 137 6/21/2001 51 12/23/2002 115
33 R-109.4             8,111 1.54        4/17/2001 19 12/30/2002 23
34 R-109.8             7,762 1.47        4/17/2001 92 6/21/2001 26 12/30/2002 63
35 R-110.4             7,057 1.34        4/17/2001 96 6/20/2001 24 12/30/2002 54
36 R-111.0             6,557 1.24        4/17/2001 71 12/30/2002 4
37 R-111.35             6,248 1.18        4/17/2001 51 6/20/2001 0 12/30/2002 43
38 R-112.0             5,657 1.07        4/17/2001 41 12/30/2002 28
39 R-112.3             5,355 1.01        4/17/2001 36 6/20/2001 0 12/23/2002 11
40 R-112.6             5,060 0.96        4/17/2001 71 12/23/2002 107
41 R-113.3             4,494 0.85        4/17/2001 62 6/20/2001 0 12/23/2002 0
42 R-113.95             3,962 0.75        4/17/2001 55 12/23/2002 62
43 R-114.1             3,779 0.72        4/17/2001 46 6/20/2001 13 12/23/2002 0
44 R-114.6             3,314 0.63        4/17/2001 65 12/23/2002 7
45 R-115.15             2,635 0.50        4/16/2001 91 6/20/2001 60 12/30/2002 10
46 R-116.2             1,858 0.35        4/16/2001 50 12/30/2002 0
47 R-116.7             1,371 0.26        12/30/2002 0
48 R-117.35                847 0.16        4/16/2001 80 6/20/2001 52 12/20/2002 1
49 R-117.7                543 0.10        4/16/2001 80 12/30/2002 0
50 R-118.3 -             -          4/16/2001 30 12/30/2002 11

AVG 4,367         0.83        4/16/2001 65            6/20/2001 25            12/26/2002 28              

R
ea

ch
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R
ea

ch
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Summary of total length of rock measured along each ground-truth transect line, by survey 
date.

Table 3
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Brief summary of measured changes in beach profile and exposed rock 
occurrence along surveyed transect lines adjacent to, and along, the Mid 

Reach Project Area. 
 
Representative results from prior and ongoing surveys along the shoreline of the 
Mid Reach and the adjacent one-mile shoreline of southern Patrick Air Force 
Base are presented in the following pages.  These surveys and analyses have 
been conducted by Brevard County and the U. S. Air Force, and additionally 
incorporate survey data collected by the Florida Dept. of Environmental 
Protection (FDEP) and U. S. Army Corps of Engineers.  Three principal groups of 
survey data and results are presented, described as follows.  “R” values reflect 
locations of survey transects per the FDEP reference monuments along the 
shoreline. 
 
1.  R70-R77.  Figures A through D depict two (2) “mean” beach profile lines and 
the mapped occurrence of exposed rock along each of eight R-monument, from 
available surveys.  The “mean” beach profile refers to the average vertical 
elevation of the seabed at each location along the R-monument transect, 
computed from a series of historical beach profile surveys.  Of these two “mean” 
profiles:  

• The black profile represents the mean profile elevation computed from all 
available surveys prior to renourishment of the North Reach and Patrick 
AFB shorelines in Feb-April, 2005.  These include data from up to 8 prior 
surveys from 1972 through June 20041.   

• The red profile represents the mean profile elevation computed from all 
available surveys through the present; i.e., prior to and after the 
construction of beach renourishment in Feb-April, 2005.  These include 
the data from the 8 prior surveys (1972-2004) plus four annual surveys 
after construction (2005-2008).2 

Beach profile data from surveys in October 2004 through February 2005 are not 
included in the mean profile computations because these represent anomalous 
conditions immediately subsequent to the effects of Hurricanes Charley, Frances 
and Jeanne in Autumn, 2004.   
 
Horizontal bars in each figure indicate the occurrence of exposed rock 
hardground along each the survey transect.  These include the appearance of 
rock indicated by multi-spectral image analysis of aerial photographs in January 
2001 and June 2004, and physical surveys in February 2005 through July 2008.  
The survey in February 2005 is considered to represent a “quasi-maximum”, or at 
least anomalously large, extent of exposed rock because it was purposefully 
conducted after the severe erosion of sand from the beach-face and nearshore 
profile by the Autumn, 2004 hurricanes.  The dashed vertical lines in each figure 
represent the landward and seaward limits at which exposed rock was observed 
in the pre-nourishment surveys (i.e., from 2001 through February 2005). 
                                                 
1 Sept 1972, Aug 1986, Dec 1993, Dec 2000, Feb 2001, June 2002, June 2003, June 2004. 
2 April 2005, July 2006, August 2007, July 2008.  Rock occurrence data for 2008 are draft. 
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2.  R82.5-R107.3.  Figures E through G depict the beach profile measured in 
August 2008, and the temporal occurrence of exposed rock hardgrounds from 
various surveys, for each of five (5) survey-transects along the Mid Reach.  
These transects are a representative sample of fifty (50) survey transects 
previously established along the Mid Reach at which the occurrence of exposed 
rock has been surveyed on random occasions.   (The five transects shown in the 
figures are also those for which the greatest number of surveys are thus far 
available, specifically including surveys collected after 2002.)  Excepting surveys 
in 2007 and 2008, these prior surveys have measured only the occurrence of 
rock (and not the profile elevation); therefore, temporal “mean” profile elevations 
are not shown for these transects. 
 
3.  R110-R118.  Figures H through L depict two (2) “mean” beach profile lines 
and the mapped occurrence of exposed rock along each of nine R-monument, 
from available surveys.  Like Figures A through D along Patrick Air Force Base, 
the “mean” beach profile refers to the average vertical elevation of the seabed at 
each location along the R-monument transect, computed from a series of 
historical beach profile surveys.   

• The blue-dashed profile represents the mean profile elevation computed 
from all available surveys prior to renourishment of the South Reach 
shoreline in March-April, 2005.  These include data from up to 16 prior 
surveys from 1972 through June 20043.   

• The red profile represents the mean profile elevation computed from all 
available surveys through the present; i.e., prior to and after the South 
Reach beach renourishment in March-April, 2005.  These include the data 
from the 16 prior surveys (1972-2004) plus three annual surveys after 
construction (2005-2007).4 

Beach profile data from surveys in October 2004 through February 2005 are not 
included in the mean profile computations because these represent anomalous 
conditions immediately subsequent to the effects of Hurricanes Charley, Frances 
and Jeanne in Autumn, 2004.   
 
Horizontal bars in each figure indicate the occurrence of exposed rock 
hardground along each the survey transect.  These include the appearance of 
rock indicated by multi-spectral image analysis of aerial photographs in January 
2001 and June 2004, and physical surveys in February 2005 through June 2007.  
The survey in February 2005 is considered to represent a “quasi-maximum”, or at 
least anomalously large, extent of exposed rock because it was purposefully 
conducted after the severe erosion of sand from the beach-face and nearshore 
profile by the Autumn, 2004 hurricanes.  The dashed vertical lines in each figure 
represent the landward and seaward limits at which exposed rock was observed 

                                                 
3 Sept 1972, July 1983, Aug 1986, Sept 1989, Dec 1993, Sept 1997, Feb 1998, May 2000, Jan 
2001, Dec 2001, May 2002, Dec 2002,  March 2003, May 2003, June 2004.  Not all surveys 
include data at each monument location.   
4 May 2005, July 2006, June 2007.  Data from 2008 were not available at the time of this report. 
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in the pre-nourishment surveys (i.e., from 2001 through February 2005).  At 
transects where no rock was observed, there are no dashed vertical lines. 
 
The data and graphics in Figures A-D and Figures H-L, for R70-R77 and for 
R110-R118 are excerpted from monitoring reports prepared by the U. S. Air 
Force and Brevard County, respectively, pursuant to requirements of, and 
coordination with, EFH Conservation Recommendations prepared by the 
National Marine Fisheries Service in December 2004.  These recommendations 
were prepared in regard to proposed, post-hurricane beach renourishment 
activities conducted by the U. S. Air Force along Patrick AFB in 2005 and by the 
U. S. Army Corps of Engineers along the North and South Reach of the Brevard 
County Shore Protection Project in 2005.5   
 
 
Discussion.  Comparison of the two “mean” profiles in Figures A-D and Figures H 
through L represent a graphical “trend analysis” in temporal change in profile 
elevations.  That is, changes in the “mean” profile from pre-renourishment 
conditions through 2004 (black or blue-dashed lines) to present, post-
renourishment conditions through 2007/08 (red lines) indicate the degree to 
which the beach is demonstrating long-term advance (accretion) or deepening 
(erosion).  Specifically,   

a) Figures A-D illustrate the beach profile trend along and immediately south 
of dune- and beach-face fill placement in 2005 at Patrick Air Force Base 
(in addition to the alongshore feeder effects of fill placed along the North 
Reach of the Brevard County Shore Protection Project (BCSPP) and 
northern Patrick AFB, spanning approximately 10.6 miles in total length).    

b) Figures H through L illustrate the trend within 1-1/2 miles adjacent to 
(north of) the beach renourishment along the approximate 4-mile length of 
the South Reach of the BCSPP in 2005. 

Comparison of the two “pre-renourishment” and “current” mean profiles likewise 
illustrates the cumulative effect of emergency, post-storm dune fill placement by 
Brevard County along the Mid Reach in 2005 through 2008. 
 
In both sets of figures – along the south end of Patrick AFB and adjacent Mid 
Reach (R70-R77) and along the southern Mid Reach adjacent to the South 
Reach, BCSPP (R110-R118) -- the trends are similar.  That is, in comparing the 
“pre-renourishment” and “current” profiles, the following is indicated: 

• Slight advance (accretion) of the beach face landward of the shoreward 
limit of nearshore rock exposure, or mean low water line; 

• No significant change, or slight decrease (erosion), in the profile elevation 
within the normal limits of nearshore rock exposure; and 

                                                 
5 Additional details and description of the monitoring activity are presented in reports prepared by 
Olsen Associates, Inc. for the U. S. Air Force (45 CES/CECC) and Brevard County, in 2005 
through 2008, and subsequently transmitted to NMFS by the USAF and Corps of Engineers. 
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• Mostly decrease (erosion) in the profile elevation seaward of the normal 
limits of nearshore rock exposure. 

 
Likewise, comparison of the horizontal extent of nearshore rock exposure, as 
measured from 2001 through present, indicates no significant changes or trends 
in the amount of exposed hardgrounds at each transect.  Substantial temporal 
fluctuations in the amount and locations of exposed hardgrounds are evident at 
each transect; however, these fluctuations do not exhibit any identifiable trend 
between pre- and post-renourishment conditions by year or alongshore location. 
 
Additionally, comparison of the post-renourishment beach profiles with the 
standard-deviation of the pre-renourishment profiles (not shown in the figures) 
has not indicated the occurrence of profile fluctuations that exceed expected 
“normal” temporal fluctuations computed from the pre-project surveys6.   
 
These results indicate no trend toward a accumulation of sand (accretion) below 
the mean low water line.  Such accumulation would conceivably result in some 
burial of existing, exposed nearshore rock hardgrounds; but this is not indicated. 
 
Figures E through G (R82.5-R107.3) illustrate changes in exposed rock 
occurrence at representative transects along the Mid Reach.  These transects 
span locations between 1.3 miles south, and 2.1 miles north, of adjacent dune- 
and beach-fill renourishment activities constructed in 2005, and include locations 
of emergency, post-storm dune renourishment conducted by Brevard County 
along the Mid Reach in 2005-08.  The data indicate no apparent trends in 
changes in the amounts or locations of exposed rock hardgrounds between pre-
renourishment and post-renourishment conditions, despite large temporal 
fluctuations in the rock exposure at each transect between surveys.  These 
fluctuations are reflective of the apparently significant natural variations in the 
amounts and cross-shore locations of exposed rock along the Mid Reach 
shoreline. 
 
 
 
 
 

                                                 
6 Olsen Associates, Inc.  “2005 Post-Storm Beach Renourishment, Patrick AFB; Year-Three Post-

Construction Nearshore Rock Survey - 2008”.    Letter Report to Mr. John McGann, 
Amec Earth & Environmental Inc., Cocoa FL.  Prepared by S. Howard, Olsen Associates, 
Inc., 4438 Herschel Street, Jacksonville, FL  32210.  2008. 

  Olsen Associates, Inc.  “Brevard County Shore Protection Project, South Reach; Year-Three 
Post-Construction Nearshore Rock Mapping (R110 to R118)”.  Letter Report to Mr. Mike 
McGarry, Brevard County Nat. Res. Mgt. Office.  Prepared by S. Howard, Olsen 
Associates, Inc., 4438 Herschel Street, Jacksonville, FL  32210.  In preparation, 2008. 
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A. R70 and R71 (Patrick AFB):  Comparison of mean beach profiles computed up to (1) 
pre-renourishment conditions [black] and up through (2) present post-renourishment 

conditions [red].  Mapped occurrences of exposed rock are also indicated. 
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B.  R72 and R73 (Patrick AFB):  Comparison of mean beach profiles computed up to 
(1) pre-renourishment conditions [black] and up through (2) present post-renourishment 

conditions [red].  Mapped occurrences of exposed rock are also indicated. 
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C.  R74 and R75 (Patrick AFB):  Comparison of mean beach profiles computed up to 
(1) pre-renourishment conditions [black] and up through (2) present post-renourishment 

conditions [red].  Mapped occurrences of exposed rock are also indicated. 
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D.  R76 and R77 (no. end of Mid Reach):  Comparison of mean beach profiles 
computed up to (1) pre-renourishment conditions [black] and up through (2) present 

post-renourishment conditions [red].  Mapped occurrences of exposed rock are shown. 
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E.  Transects R82.5 and R88 (Mid Reach).  Mapped occurrences of exposed 
nearshore rock outcrops and August 2008 beach profile. 
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F.  Transects R96 and R103.7 (Mid Reach).  Mapped occurrences of exposed 
nearshore rock outcrops and August 2008 beach profile. 
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G.  Transect R107.3 (Mid Reach).  Mapped occurrences of exposed nearshore rock 
outcrops and August 2008 beach profile. 
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H.  R110 and R111 (So. End of Mid Reach):  Comparison of mean beach profiles 
computed up to (1) pre-renourishment conditions [blue dash] and up through (2) present 
post-renourishment conditions [red].  Mapped occurrences of exposed rock are shown. 
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I.  R112 and R113 (So. End of Mid Reach):  Comparison of mean beach profiles 
computed up to (1) pre-renourishment conditions [blue dash] and up through (2) present 
post-renourishment conditions [red].  Mapped occurrences of exposed rock are shown. 
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J.  R114 and R115 (So. End of Mid Reach):  Comparison of mean beach profiles 
computed up to (1) pre-renourishment conditions [blue dash] and up through (2) present 
post-renourishment conditions [red].  Mapped occurrences of exposed rock are shown. 
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K.  R116 and R117 (So. End of Mid Reach):  Comparison of mean beach profiles 
computed up to (1) pre-renourishment conditions [blue dash] and up through (2) present 
post-renourishment conditions [red].  Mapped occurrences of exposed rock are shown. 
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K.  R118 (Far south end of Mid Reach, adjacent to South Reach of Brevard County 
Shore Protection Project):  Comparison of mean beach profiles computed up to (1) 

pre-renourishment conditions [blue dash] and up through (2) present post-renourishment 
conditions [red].  Mapped occurrences of exposed rock are shown. 
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Brevard County Mid Reach Shore Protection Project 
Mitigation and Monitoring Plan 

 
 
Introduction (Project Description) 
 
The project will place beach-compatible sand fill along 7.6-miles of Atlantic 
Ocean shoreline along the “Mid Reach” shoreline of Brevard County, Florida, 
located between Florida Dept. of Environmental Protection (FDEP) reference 
monument locations R75.4 and R118.3.  The source of the sand fill shall be the 
Canaveral Shoals I and II offshore borrow areas, with dredged material being 
stockpiled to a temporary upland disposal  area and subsequently truck-hauled to 
the Mid Reach project fill area.  Alternately, some or all of the fill material may be 
from acceptable upland sand sources, subject to quality, availability, and permit 
allowances. 
 
The project is anticipated to impact approximately 3 acres of existing nearshore 
rock hardgrounds through initial placement, subsequent equilibration and 
alongshore diffusion of the beach fill sand.  The existing rock reef is exposed in 
varying amounts and locations within the shallow waters immediately along the 
shoreline, mostly between about 0 and 4 ft water depth at low tide, and within 
300-ft or less from the pre-project mean low water (MLW) shoreline.   
 
To mitigate the anticipated impacts to the nearshore hardgrounds, the project will 
include (1) construction of artifical reef structures upon the nearshore seabed 
offshore of the project shoreline, (2) pre- and post-construction monitoring of the 
impact and mitigation reef areas.  This document describes the physical and 
biological monitoring plan associated with the borrow, beach fill, existing 
nearshore hardgrounds, and mitigation reef elements of the proposed activity.  
This document likewise describes a contingency plan to address modifications of 
the plan should such modifications be determined to be necessary as a result of 
the monitoring surveys.   
 
Routine monitoring and associated activities related to project construction and 
post-construction environmental monitoring – such as that required for turbidity, 
marine turtle nesting and other endangered species monitoring, beach 
compaction and escarpments, et cetera, are not described herein.  These project 
requirements are described in Section 7.2.34 of the main document.   
 
Description of the proposed dredging, beach fill, and mitigation reef structure is 
presented in Section 7.2.1 and 7.2.4.2 of the main document, and is not repeated 
in detail herein.  A brief summary of the project’s mitigation reef plan is presented 
below. 
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I.  MITIGATION PLAN 

 
A.  Abbreviated Physical Description of Mitigation Reef Plan 

 
 The projects’ Mitigation Plan will construct patch-type artificial reef 
structures in water depths of about -15 ft MLW along the project shoreline to 
mitigate anticipated adverse environmental impacts to the existing nearshore 
rock reef.  The proposed reef structure will consist of articulated concrete mats 
with an integral coquina-rock surface.  Each articulated reef mat will consist of 
approximately 18 cable-connected blocks.  Each mat would be about 8-ft x 16-ft 
x 1-ft high and comprise about 90 lineal ft of valleys (ridges) between blocks and 
adjacent mats (Figure 1).  Forty-two mats, in 6 rows and 7 offset columns would 
be placed adjacently -- along with two additional ‘top-layer’ mats along the 
landward edge to form an overhanging ledge.  This would constitute one “set” of 
44 mats.  Each “set” of mats would create between about 0.15 and 0.16 acres of 
hard-bottom structure.   
 
 Each set of mats would be placed upon the sand seabed at ambient 
depths of between about -14.4 ft and -15.6 ft MLW; i.e., approximately centered 
along the -15 ft MLW contour, and located about 1000-ft from the mean low 
water shoreline (Figure 2). At 12” nominal relief (and 24” maximum relief along 
the landward edge), the coquina surface of the reef units would lay in water 
depths of between -12.4 ft MLW and -14.6 ft MLW, more or less.   
 
 Between two and five “sets” of mats would be spaced about 50 to 60 feet 
apart, along the approximate -15 ft contour, to form a reef “group”.  These reef 
“groups” would be spaced about 400 to 9000 feet apart, or more, to create the 
requisite total area of reef mitigation along the shoreline.   
 
 The top surface of the reef mat structures will feature almost all coquina 
cover with 1” to 4” deep crevices between the coquina stones that emulate the 
surface of the existing nearshore rock.  The valleys between blocks, and the 
overhanging “ledge” on the landward end of a set of units, emulate the physical 
relief of crevices and ledges found across the existing natural hardbottom reef.  
In addition to the ledge feature, 8” to 16” gaps between the ends and sides of 
placed reef mats are purposefully intended to would provide resting areas 
appropriately sized for juvenile green turtles observed to rest and forage in 
similarly-sized crevices on the existing Mid Reach rock resource.   
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Figure 1:  Schematic illustration of individual blocks (bottom left), articulated mats 

(bottom right), and typical lay-out of mats in one “set” of the mitigation reef structure 
(upper and middle graphics). 

 

SHORE 

BASE 

TOP 'EDGE' 
LAYER MAT, TYP. 

TOP 'EDGE' LAYER (LAID A TOP 
SHOREWARD EDGE OF BASE LAYER) 

DETAIL 

olsen associates. inc. 

PLAN VIEW: TYP ICAL REEF MAT CONFIGURATION 
(WITH TOP 'EDGE' LAYER SHOWN) 

SECTION: A 

TOP 'EDGE' LAYER 

~-___, 
0 10 20FT 

LAYER 

~ 
0 2 4FT 

. . 

~--r--"i 
0 2 4 FT 

ISOMETRIC VIEW: 
INDIVIDUAL MAT 



Mitigation & Monitoring Plan  Brevard County Mid Reach    
August 29, 2008  Shore Protection Project 

 

4

 

 
Figure 2:  Plan view of several sets of reef-mat mitigation structures within one reef group. 
 
 
 The articulated mat (which is fundamental to the reef structure) serves as 
the requisite foundation for the area’s sand bottom.  Use of such articulated mats 
(without the special coquina surface) is a standard marine construction practice 
employed to establish hydraulically stable structures on sand seabeds prone to 
scour.  The seabed at the mitigation sites is typically fine sand with no underlying 
rock stratum within at least 10-ft beneath the seabed.   
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 There are no known existing hard-bottoms at or near the proposed 
mitigation sites, excepting the nearshore rock reefs along the project shoreline.  
The mitigation sites are typically located at least 800-ft seaward of these existing 
rock outcrops.  
 
 
B.  Mitigation Reef Construction and Schedule 
 
 1.  Construction.  The reef mats will be constructed (cast) at an upland 
yard, transported overland to a barge, and then transported over water to the 
installation sites.  It is anticipated that all or most construction would be staged 
through Canaveral Harbor, located about 14 to 22 miles north-northwest of the 
mitigation reef sites.  Placement of the mats from barges to the seabed will be by 
crane located upon floating and/or jack-up barges.  The barges will utilize 
temporary anchors and/or spuds upon the sand seabed.   
 
 2.  Schedule.  Seabed installation of the reef mats is anticipated to require 
between 4 and 8 months (for two or one crane barge set-ups, respectively), 
spanning more than one year.  It is most likely that that installation will occur in 
months of May through September, owing to favorable seas, but will not be 
limited to those times.  Because the project’s beach fill construction is limited to 
the months of November through April, installation of the mitigation reef 
structures is expected to occur in the summer months immediately preceding 
and/or following initial beach fill construction. 
 
 
C.   Calculation of Mitigation Reef Area 
 
 1.  Initial Construction.  For requisite purposes of engineering design and 
construction, the effective acreage of the initially constructed mitigation reef shall 
be equal to the base planform area of each mat that is placed, plus a nominal 
gap width allowance of 12-inches between adjacent mats within each set.  The 
gap width between mats is purposefully intended as shelter and loafing areas for 
juvenile green turtles and other macrofauna, and emulates gaps in the natural 
nearshore hardbottom (see above).  Inclusion of small gaps in the acreage of the 
mitigation reef is consistent with the acreage-calculation of the impacted natural 
reef.  (That is, the aerial boundaries that map the exposure of the nearshore 
hardbottom – from which the project’s acreage impacts are calculated – likewise 
include small gaps between exposed rock that are “counted” within the total 
hardbottom area of the existing resource.  Allowance for an approximate 12-inch 
gap between adjacent mats in a set constitutes less than 13% of the set’s total 
area, and is reasonably similar to, or less than, the existing rock outcrops.) 
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 By numeric example, the mitigation acreage ascribed to one (1) set of 44 
mats arranged as per Figures 1 or 2, above, with 12-inch gap allowance, would 
be equal to approximately 0.151 acres (6594 square feet)1.   An initial mitigation 
requirement of 4.8-acres would therefore require about 32 sets of mats; or, about 
1408 mats in total, more or less. 
 
 2.  Post-Construction Monitoring.  As described below, the area of 
exposed mitigation reef structure shall be periodically monitored by side-scan 
sonar survey with ground-truthing inspection and measurement by divers.  These 
surveys shall include an immediate post-construction (“as-built”) survey that will 
be related to the initial acreage assigned to each set and/or group of reef mats 
(per section I.C.1 above).  The spatial coverage of exposed structure sensed by 
each survey shall be compared to the “as-built” survey in order to estimate the 
relative change (percentage gain or loss) in functional area of the mitigation reef 
structure.   
 
 
II.   MONITORING 
 
A.  Objectives & Considerations 
 

1. The general objectives of the project monitoring plan described herein are 
to indicate  

a) physical beach fill performance,  
b) changes at the offshore borrow areas,  
c) physical impacts to the existing nearshore hardgrounds vis-à-vis 

changes in exposure (sand burial) of the hardgrounds, 
d) extent of impacts to epibiota, fishes, and turtles associated with 

nearshore hardgrounds subject to sand fill from the project;  
e) physical performance of the mitigation reef vis-à-vis changes in 

exposure and substrate, and 
f) extent of biological recruitment and activity at the mitigation site – 

both in an absolute sense and relative to the existing nearshore 
rock reef (hardgrounds) in specific terms of macroalgae, 
invertebrates, juvenile and adult fishes, and marine turtles. 

 
2. The primary objectives of the biological elements of the monitoring plan 

are to assess potential impacts to the existing reef in the Mid Reach 
project area; and to evaluate the degree to which the mitigation reef 
replicates the ecological functions of the existing nearshore reef in terms 
of habitat for the major taxonomic groups listed above.  Criteria for 
measurement and success of the mitigation reef shall be based upon the 

                                                 
1 Assumes a 12-inch gap allowance between adjacent reef mats, and that the base area of each 
reef mat is 8.0-ft x 16.3 ft.   
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degree to which the reef is sufficiently exposed to serve these ecological 
functions relative to the predictions made in the project formulation.   

 
3. The design of the monitoring program must take into account the 

challenging physical conditions at the site.  These include typically turbid 
water with little or no visibility, and consistently energetic surf.  Conditions 
at the existing reef site are further complicated by the very shallow water 
and breaking waves.  Practical consideration of these conditions is 
necessary in order to develop a monitoring program and measurement 
criteria that are realistically achievable and which result in meaningful 
data.  Sea state and visibility shall be monitored daily during the 
summertime to ensure that surveys are conducted on days with ideal 
weather and visibility conditions. 

4. The monitoring program shall include the physical performance of the 
beach fill and borrow area, by traditional surveys, to assess the longevity 
and movement of the beach fill (volume and shoreline change) and 
bathymetric/volume changes at the offshore borrow area.  [See Section 
II.B, below.] 

5. The monitoring program shall include the physical and biological 
components of both the existing reef and the mitigation reef.  [See 
Sections II.C and II.D, respectively, below.]  Herein, the words 
hardgrounds or hardbottom, exposed rock, outcrops or rock reef are used 
interchangeable for convenience. 

 
B.  Beach Profile and Borrow Area  

1.  Scope 
a) Beach profile surveys shall be made at existing FDEP Reference 

monuments R70 through R124.  Surveys shall extend from the monument 
to -30 ft NGVD29 depth. All surveys shall utilize the azimuths previously 
surveyed by the Florida Dept. of Environmental Protection (FDEP) and 
survey methods shall comply with the latest FDEP Bureau of Beaches and 
Coastal Systems (BBCS) standards.  The survey effort will be combined 
with those of the adjacent project areas (Patrick AFB and South Reach) as 
practicable. 

b) The wading portion of all beach profiles shall extend to at least -6 ft NGVD 
or deeper and shall identify the presence and limits of sand seabed versus 
exposed rock substrate (as described below).  Prior wading and diver 
surveys extending deeper than -6 ft NGVD (-4.1 ft MLLW) have not 
indicated the substantial presence of exposed hardgrounds beyond this 
depth.  Any detected exposure of rock hardgrounds deeper than -6 ft 
NGVD would therefore not be indicative of post-construction effects of the 
constructed project.  Therefore, wading surveys to at least -6 ft NGVD 
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depth are deemed sufficient to monitor the effects of the project upon 
nearshore hardbottoms.   

c) Bathymetric surveys of the offshore borrow area(s) dredged for the work 
shall be conducted at 250-ft maximum line spacing and shall extend a 
minimum of 250-ft beyond the borrow area limits. 

d) Engineering analysis and a report shall be prepared pursuant to the post-
construction survey and each subsequent survey.  Reports shall 
document, at minimum, (1) the measured changes in volumes and 
shoreline locations along the beach fill monitoring area, and (2) measured 
changes in seabed elevation and volumes across the borrow area, relative 
to the prior monitoring survey(s).  Reports shall be completed within 90 
days after acquisition of survey data. 

 

2.  Schedule 
a) Surveys of the beach profile shall be conducted at pre- and post-

construction, and at 1, 2, 3, and 5 years after initial project construction if 
there is substantial sand fill from the project within the profile.  Additional 
surveys may be conducted pursuant to severe storm events, as deemed 
necessary after consultation with FDEP.  

b) Hydrographic surveys of the borrow area shall be conducted pre-
construction, post-construction, and at year-3 post-construction. 

c) Pre- and post-construction surveys shall be measured within 60-days prior 
and 90-days after construction; respectively.  Annual beach profile and 
borrow area surveys shall be typically measured in the months of May 
through July. 

 

 

C.  Natural Nearshore Reef and Mitigation Reef – Physical Monitoring 

1.  Existing Nearshore Rock Reef  (Physical Monitoring) 
Physical monitoring of the existing (natural) rock reef will consist of the 
following elements. 

a) Wading Transects.  The extent of exposed rock and profile fluctuations 
shall be identified, relative to pre-project norms, along 99 nearshore 
wading transects.  These transects shall include: 

• Forty-nine (49) R-monument transects at R-70 through R-118, 
inclusive, and 

• Fifty (50) project-specific wading transects, between R75.3 & R118.3. 
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The former group of 49 transects are included within the routine R-
monument beach-profile physical surveys.  Of these 49 transects, prior 
pre-project measurements of exposed rock exist along seventeen (17) 
lines, consisting of at least seven aerial or ground-truth surveys from 2001 
through 2008 at monument locations R70-R77 and R110-R118.  Prior 
(pre-project) measurements of profile fluctuations include various surveys 
from 1972 through 2007. 

The latter group of 50 transects include wading lines that were specifically 
established along the Mid Reach, beginning in early 2001, in order to 
measure the natural extent and variability of local nearshore rock 
exposure.  (See Table 1.) The cross-shore locations of exposed rock 
outcrops along each of these transects have been measured by ground-
truth on up to five prior occasions since April 2001, plus two aerial surveys 
in 2001 and 2004.   

The locations of exposed rock, along with the seabed profile, shall be 
measured during at least two additional surveys prior to initial project 
construction.   

For each subsequent, post-construction survey, the occurrence of 
exposed rock shall be graphically contrasted with all prior surveyed 
occurrences of exposed rock at that transect location.  Additionally, the 
seabed profile (elevations) shall be graphically contrasted with the pre-
project mean and standard deviation of the beach profile at that transect 
location.  (See Figure 3a as an example illustration.)   

In this way, the observed variation of the rock exposure and seabed 
elevation, relative to the expected variation from pre-project conditions, 
indicates the degree (and locations) to which profile changes may be 
attributable to the project.  For example, post-project profile variations that 
are within the observed standard-deviation of the pre-project profile would 
suggest that measured changes are not necessarily attributable to the 
project.  Conversely, post-project profiles that are consistently lower or 
higher than the ±one standard-deviation limits of the pre-project profile 
would suggest deflation (increased rock exposure), or accretion 
(decreased rock exposure), respectively, that is potentially attributable to 
the project.  The degree to which this observed profile deflation or 
accretion is anomalous would be assessed relative to the behavior of the 
other transects, including those in the “reference area” north of the project 
(R70-R75).  And, the degree to which the observed profile deflation or 
accretion resulted in an apparent increase or decrease in rock exposure, 
for that transect, would be assessed relative to the historic (pre-project) 
exposure of rock measured along the transect.   
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Further, the mean beach profile will be computed (updated) through each 
subsequent, post-construction survey.  This result will be contrasted to the 
mean, pre-project profile.  Comparison of the mean beach profile at each 
transect – from pre-project to current (post-project) conditions – facilitates 
the identification of long-term trends in beach profile change at each 
transect.  (See Figure 3b as an example illustration.)   For instance, an 
increase in the mean seabed elevation from pre-project to current 
conditions, at some particular cross-shore location on the profile, would 
indicate a local tendency for sedimentation or accretion at that point.  This 
would likewise indicate the potential for burial or impacts to nearshore rock 
at that location, if such exposed rock was previously known or presumed 
to occur at that location. 

This measurement and analysis protocol, described above, is identical to 
that which has been conducted annually since 2005 to monitor the 
potential impact of beach fill placement upon adjacent nearshore rock at 
the northern and southern limits of the Mid-Reach.  Specifically, this 
protocol is used to monitor the effect of the Patrick Air Force Base and 
South Reach beach fill projects upon the exposure of the adjacent natural 
rock hardbottoms; viz., from R70-R77 and R110-R118.  This monitoring 
program was prepared to meet requirements prescribed by the National 
Marine Fisheries Service (NMFS) to the U. S. Air Force (45th Space Wing) 
and U. S. Army Corps of Engineers, Jacksonville District, in regard to 
these two projects’ potential impacts upon Essential Fish Habitat.  The 
monitoring program has been reliably implemented by the Air Force and 
Brevard County along the north and south ends of the Mid Reach project 
area, respectively, since 2005.  Example results from a 2006 monitoring 
report, for a single transect, are illustrated in Figure 3a and 3b. 

 

b)  Controlled Color Aerial Photography will be collected along the project 
area shoreline, extending to at least 1.5-miles along the adjacent 
shoreline (approx. R70 through R124), in conditions conducive to imaging 
of the nearshore rock resource.  As noted, the timing and frequency of the 
aerial photography is dependent upon the occurrence of favorable 
conditions.  These conditions include low tide, calm surf, clear water, 
clear skies and proper sun angle.  The confluence of these factors, along 
with the ability to accurately identify favorable conditions in order to 
mobilize the aerial photographer, may occur less than annually and at 
variable times of the year.   

 

c)  Trained multi-spectral image classification (mapping) of the exposed rock, 
from the aerial photographs, will be conducted if and when the quality of 
the surf conditions in the aerial photographs permit meaningful results.    
Results from the aerial photography (and image classification mapping) 
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will be utilized in conjunction with the wading transect data and compared 
relative to the natural variability of the pre-project rock exposure, in order 
to assess the apparent changes in the post-project nearshore rock 
exposure, potentially attributable to the project, as fundamentally 
described in item (II-C1a), above. 

 

d)  Schedule.  Wading surveys of the 99 transect lines shall be conducted at 
least twice, in addition to existing prior surveys, prior to construction.  
Post-construction wading surveys of these lines shall be conducted within 
60 days after, and 1-, 2-, 3-, and 5-years after initial construction.  Aerial 
photography (and multi-spectral image classification/aerial mapping) will 
be conducted prior to, post, and at 1-, 2-, 3-, and 5-years after initial 
construction as conditions allow.  Analysis and engineering reports of the 
results shall be prepared after each survey event.  Wading surveys shall 
be conducted in May through July. Photography shall be conducted as 
appropriate conditions permit. 
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Table 1:  Transect locations, azimuths and existing measurement dates (to-date) 
for surveys of exposed nearshore rock occurrence. 

Trans
ect

Approx. R-
Mon

Grid 
Azim.

Northing (FT-
NAD27)

Easting (FT-
NAD27)

Survey-1 Survey-2 Survey-3 Survey-4 Survey-5

1 R-75.3 83 1,410,085.5 629,717.3 -- 5/22/2001 12/16/2002
2 R-77.0 83 1,408,685.8 629,926.4 1,400 12/30/2002
3 R-78.0 83 1,407,640.0 630,025.8 1,046 12/16/2002
4 R-79.2 83 1,406,409.4 630,195.6 1,231 5/25/2001 12/16/2002
5 R-80.6 83 1,405,080.1 630,389.9 1,329 12/30/2002
6 R-82.5 80 1,403,349.2 630,718.9 1,731 5/22/2001 6/21/2001 12/17/2002 8/1/2007 8/1/2008
7 R-83.7 80 1,402,100.0 630,950.2 1,249 12/17/2002
8 R-85.3 80 1,400,815.6 631,240.7 1,284 5/22/2001 6/22/2001 12/17/2002
9 R-86.8 80 1,399,605.1 631,508.0 1,211 12/17/2002

10 R-88.0 80 1,398,220.8 631,851.5 1,384 5/22/2001 6/22/2001 12/17/2002 8/1/2007 8/1/2008
11 R-89.3 77 1,397,029.8 632,087.0 1,191 12/17/2002
12 R-91.0 77 1,395,891.3 632,359.2 1,138 5/22/2001 6/22/2001 12/17/2002
13 R-91.7 77 1,395,310.6 632,487.1 581 5/22/2001 12/18/2002
14 R-92.3 77 1,394,869.5 632,591.5 441 5/21/2001 12/18/2002
15 R-93.3 77 1,393,761.8 632,828.9 1,108 12/18/2002
16 R-94.5 77 1,392,670.0 633,093.4 1,092 5/21/2001 6/22/2001 12/18/2002
17 R-96.0 77 1,391,364.6 633,407.8 1,305 5/21/2001 6/22/2001 12/18/2002 8/1/2007 8/1/2008
18 R-97.6 77 1,389,911.8 633,734.8 1,453 5/21/2001 12/18/2002
19 R-99.0 77 1,388,642.9 634,001.0 1,269 12/18/2002
20 R-100.4 77 1,387,300.2 634,298.5 1,343 5/21/2001 6/22/2001 12/18/2002
21 R-101.25 77 1,386,440.9 634,510.0 859 12/18/2002
22 R-102.0 76 1,385,740.5 634,671.1 700 5/21/2001 12/18/2002
23 R-102.8 77 1,384,984.0 634,873.0 756 12/18/2002
24 R-103.7 75 1,384,168.9 635,089.4 815 5/21/2001 6/21/2001 12/18/2002 8/1/2007 8/1/2008
25 R-104.9 77 1,383,384.3 635,254.4 785 12/18/2002
26 R-105.5 81 1,382,632.3 635,438.8 752 5/22/2001 12/18/2002
27 R-106.35 81 1,381,653.8 635,666.7 978 12/18/2002
28 R-106.8 81 1,381,192.1 635,759.8 462 12/18/2002
29 R-107.3 85 1,380,712.7 635,898.8 479 4/17/2001 6/21/2001 12/23/2002 8/1/2007 8/1/2008
30 R-107.7 85 1,380,296.0 635,992.0 417 4/17/2001 12/23/2002
31 R-108.4 85 1,379,771.3 636,133.9 525 4/17/2001 12/23/2002
32 R-109.2 85 1,379,063.3 636,331.0 708 4/17/2001 6/21/2001 12/23/2002
33 R-109.4 85 1,378,807.0 636,332.5 256 4/17/2001 12/30/2002
34 R-109.8 85 1,378,458.0 636,427.7 349 4/17/2001 6/21/2001 12/30/2002
35 R-110.4 85 1,377,753.6 636,621.3 704 4/17/2001 6/20/2001 12/30/2002
36 R-111.0 85 1,377,253.1 636,758.2 501 4/17/2001 12/30/2002
37 R-111.35 85 1,376,944.4 636,864.6 309 4/17/2001 6/20/2001 12/30/2002
38 R-112.0 85 1,376,353.0 637,013.6 591 4/17/2001 12/30/2002
39 R-112.3 85 1,376,051.3 637,079.3 302 4/17/2001 6/20/2001 12/23/2002
40 R-112.6 85 1,375,755.9 637,153.7 295 4/17/2001 12/23/2002
41 R-113.3 85 1,375,190.0 637,313.8 566 4/17/2001 6/20/2001 12/23/2002
42 R-113.95 85 1,374,657.7 637,470.0 532 4/17/2001 12/23/2002
43 R-114.1 85 1,374,474.8 637,516.4 183 4/17/2001 6/20/2001 12/23/2002
44 R-114.6 85 1,374,010.4 637,643.2 464 4/17/2001 12/23/2002
45 R-115.15 85 1,373,330.8 637,832.0 680 4/16/2001 6/20/2001 12/30/2002
46 R-116.2 85 1,372,554.4 638,044.6 776 4/16/2001 12/30/2002
47 R-116.7 85 1,372,067.1 638,172.4 487 12/30/2002
48 R-117.35 85 1,371,543.1 638,339.5 524 4/16/2001 6/20/2001 12/20/2002
49 R-117.7 85 1,371,239.4 638,427.7 304 4/16/2001 12/30/2002
50 R-118.3 85 1,370,696.2 638,568.9 543 4/16/2001 12/30/2002

Northerly 
distance 
between 

stations (ft)
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Figure 3a:  Example monitoring results of wading transect surveys conducted at Mid-

Reach shoreline.  Upper – illustrates current profile relative to historic mean and standard 
deviation profiles.  Lower – illustrates current profile relative to mean and recent prior 

profiles.  Both – indicate locations of exposed rock surveyed along the transect. 
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Figure 3b:  Example monitoring results of wading transect surveys conducted at Mid-
Reach shoreline (continued).  The mean beach profile is computed and illustrated (i) 
through all pre-project surveys by the blue-dashed line and (ii) through current, post-

project conditions by the red line.  Comparison of the two mean profiles indicates long-
term trends in profile change from pre-project to current (post-project) conditions. 

 

2.  Mitigation Reef  (Physical Monitoring) 

 
Physical monitoring of the mitigation reef will consist of the following 
elements. 

a) Side-Scan Sonar.  Principal measurement of the exposed surface of the 
mitigation reef shall be made by side-scan sonar.  It is anticipated that 
each survey shall consist of two shore-parallel transects: along the 
western (landward) and eastern (seaward) margins of the reef 
placement areas, in opposite directions.  A scaled, rectified mosaic 
image shall be developed from each transect.  The area of the exposed 
reef structure, relative to the ambient seabed and including gaps 
between immediately adjacent placed mats within a set, shall be 
computed from these images.  The percentage-change in exposed area, 
from the prior surveys, shall be computed and related to the initially 
constructed reef area.    
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b) Diver Ground-Truthing & Inspection.  The approximate dimensions of 
exposed reef structure will be measured by divers at not less than five 
(5) reef sets.  Two (2) sets shall be repeated at each survey, and the 
remainder shall be randomly selected at each survey.  Using a 
graduated rule, divers shall take discretionary vertical measurements of 
sediment overburden thickness where it is apparent or evident.  Divers 
shall additionally take not less than 10 measurements of sediment 
thickness atop the mitigation reef structure (including zero thickness 
where it occurs) at random or haphazardly selected locations across the 
surface of each of the surveyed reef sets.  The general physical 
condition of the surveyed reef mats shall be likewise reported (including 
observation of settlement, scour, burial, structural integrity of blocks and 
cables, debris, and general indications of damage, etc., as visibility 
permits). Diver surveys shall be made in approximate temporal 
concurrence with the side-scan and bathymetric surveys, as conditions 
practicably allow.  The results of the diver surveys will be compared to 
the side-scan survey for the purposes of ground-truth/verification. 

c) Dual-Frequency Bathymetric Survey.  The bathymetry over and adjacent 
to the mitigation reef sites shall be measured by dual-frequency acoustic 
survey.  Survey line spacing will be not greater than 50-feet across reef 
structures and not greater than 100-ft across adjacent seabed, and shall 
extend to not less than 250-ft beyond the limits of the reef structures.  
The results of each survey shall be contrasted with those of previous 
surveys in plan and section.  

d) Schedule.  These surveys (items a, b, and c, above) shall be conducted 
at post-construction (within 60-days of completed deployment of each 
reef set), and at 1-, 2-, 3-, and 5-years after construction of the reef. 

 

    D.  Natural Nearshore Reef and Mitigation Reef – Biological Monitoring 
 

Biological monitoring of the natural nearshore reef and mitigation reef will 
consist of the following: epibiota, fishes, and marine turtles.   The ultimate 
scope of the efforts will be highly dependent upon site conditions; and, as 
noted above, timing of the annual surveys will vary as a function of sea 
conditions.   

1.  Epibiota and Fishes 
 a) Survey Design. 

 The monitoring survey is designed to allow evaluation of both the 
mitigation reef as well as potential construction-related impacts to natural 
nearshore reef. The design incorporates spatial variation at several scales 
and includes pre-construction, post-construction, and annual temporal 
assessments.   
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 The basis of the field program for monitoring epibiota and fishes is a 

sampling “unit”, the size of which shall reflect the typical dimensions of a 
single set of mitigation reef mats (i.e., approximately 40 x 100 ft).  This 
sampling unit is divided into four cells of equal area.  Within each cell shall 
be three randomly located subsamples that are collected (assessed) for 
the biological response variables.  (See Figure 4.)   Sampling units shall 
be established at natural hardbottom areas, mitigation reef areas, and at a 
reference area.   

 
 Natural Nearshore Hardbottom.  The locations of sampling units on natural 

hardbottom will be stratified over nearshore and offshore habitats within 
broad areas that systematically span the entire Mid-Reach project area.  
The distinction between inshore and offshore strata is based on water 
depth and distance from shore.  Inshore sites to be sampled will include 
but not be limited to areas that are exposed during mean low water 
periods (i.e. intertidal).  The cross-shore axis of the sampling unit will be 
the seaward extent of nearshore strata (i.e., 40 ft). Offshore habitats will 
encompass hard bottom that is completely subtidal and greater than 40 ft 
from shore.   

 
 Sampling units will be randomly positioned, during the pre-construction 

field survey, within four contiguous fill area blocks and one reference area 
block. (See Figure 5.)  Once established, the locations of sampling units 
shall be permanent.  Nearshore and offshore strata will not necessarily be 
contiguous but will be dependent upon the availability of hard bottom at 
the time of the initial survey.  Strata will be determined during the initial 
survey based on current conditions of hard bottom availability and mean 
low water depth.  Random placement of units will be constrained by the 
availability of suitable hard bottom within the larger fill area blocks.  Given 
the discontinuous distribution of nearshore hard bottom throughout the 
Mid Reach, it may not be possible to locate three nearshore sample units 
in each of the Fill Area blocks. 

 
 Three sampling units shall be established on the natural nearshore 

hardbottom within a reference area.  The reference area shall be located 
along the southern limits of Patrick Air Force Base (vicinity of R72-R74), 
which features hardbottom similar to that which exists along the Mid 
Reach project area and which is substantially beyond the direct impact of 
the project or adjacent, similar beach fill activities. 
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Figure 4.  Example illustration of a nearshore and offshore sampling “unit” for 

biological monitoring of the natural nearshore hardbottom.  (Nearshore and 
offshore sampling units may not be contiguous as shown above, depending upon 

sampling site selection.) 
 
 
 

Nearshore 

Offshore 
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Figure 5.  Fill area and reference-area blocks along the natural nearshore 

hardbottom of the project area and adjacent shorelines. 
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 Mitigation Reef.  Sampling units at the mitigation reef shall be established 
over each of four individual sets of reef mats (each individual set of mats 
being approximately 40-ft x 100-ft in area).  The alongshore locations of 
these sampling units shall span the mitigation reef, with one each near the 
north and south limits of the reef extents and two near the center.   

 
 General.  Once the sampling units are initially established they will remain 

fixed and permanent and their locations shall be relocated using DGPS 
coordinates for the duration of the monitoring program.  For purposes of 
safety, the locations shall not be marked by permanent rods but shall be 
recovered within the physical accuracy limits of a high-resolution DGPS 
instrument.  Random coordinates for subsample placement within cells will 
be generated prior to each field survey.  Fixing the sample units in space 
means during the first survey means that it is possible that the entire unit 
could be covered by sand during subsequent field surveys.  The sampling 
scheme is summarized in Table 2. 

 
 

Table 2:  Sampling scheme for epibiota. 

Epibiotal Images
Sampling Reach Unit Stratum Cells Subsamples Total Sampling Reach Unit Stratum Cells Subsamples Total
Reference 3 2 4 3 72 Reef Modules 4 1 4 3 48
Fill Area 1 3 2 4 3 72
Fill Area 2 3 2 4 3 72
Fill Area 3 3 2 4 3 72
Fill Area 4 3 2 4 3 72
Total 360

Remote Video
Sampling Reach Unit Stratum Cells Subsamples Sampling Reach Unit Stratum Cells Subsamples
Reference 3 1 1 3 9 Modules 4 1 4 3 48
Fill Area 1 3 1 1 3 9
Fill Area 2 3 1 1 3 9
Fill Area 3 3 1 1 3 9
Fill Area 4 3 1 1 3 9
Total 45

Mitigation ReefNatural Hard Bottom

 
 
 
b) Biological Response Variables.  
 

Biological response variables are (1) epibiota (macroalgae and sessile 
invertebrates) cover and taxonomic composition; and (2) fish species 
composition and relative abundance.    Marine turtles are addressed 
separately, below. 

  
(1)  Epibiota. 
 
Epibiota will be sampled using digital video or still cameras mounted to 
rigid, portable stainless steel frames.  The dimensions of the frame will be 
dictated by the height of the imaging camera(s) above the seafloor. 
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Because of the marginal visibility conditions in the area, sample images 
will be collected much closer to the bottom than typical quantitative 
imagery (e.g., 45 cm).  For this reason the number of images 
(subsamples) will be relatively high.  The steel frame from which the 
camera imagery shall be collected will be set to the proper distance, or 
height, for a photoquadrat of  desired dimensions.  For example a camera 
height above the seafloor of 15 cm would produce a photoquadrat of 300 
cm2. 
 
These photoquadrats will be used to assess sessile invertebrate and 
macroalgal cover and occurrence.  Digital photography of the stations 
shall be made directly, by videocamera as water clarity dictates.    The 
camera-to-rock distance of the video camera will be maintained using a 
small stainless steel tripod.   Representative samples of algae and sessile 
organisms will be collected as needed from or adjacent to the 
photoquadrat areas to confirm identifications. As an addition to 
photoquadrats, digital video data will be collected along swimming 
transects along and across the mitigation reef structures as conditions 
allow.    Locations shall be annotated along the transect by DGPS.  
 
Digital images from the photoquadrat stations and video transects will be 
evaluated to assess invertebrate and algal cover and taxonomic 
composition.  Identification shall be made to the lowest practical taxon and 
ranked in order of percent cover.  Total percent cover will be assessed by 
superimposing a random-dot overlay upon the photographic images using 
image analysis software.   
 
The number of random points to be employed for point-count assessment 
on photograph and video images shall be established through sensitivity 
analysis of image evaluation from existing surveys and/or the first (pre-
construction) survey.  The data shall be analyzed with tests of 25, 50, and 
100 random points on multiple frames, and the results shall be 
intercompared.  The degree of difference of biotic estimates between each 
test, per image, will be assessed to determine the requisite number of 
sampling points (“dots”) to achieve an adequate level of precision. 
 
Image analyses will yield percent cover estimates for all identifiable taxa 
and major substrate types.  Epibiotal taxa may be aggregated into broader 
taxonomic groups such as macroalgae, sponges, hydrozoans, bryozoans, 
worm rock, and tunicates.  Substrate types include sand, bare rock, and 
dead wormrock, and algal turf.    
 
The image size per each of the three sub-sample assessment points 
within each cell shall be determined based upon the conditions at the time 
of the first (pre-construction) survey, and this shall establish the image 
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size to be used thereafter.  The total image size per one sampling unit is 
(X cm2 per sampling unit) multiplied by (3 images/cell) multiplied by (4 
cells/unit) = 12X cm2 per sampling unit.  For example, as described above, 
a camera height of 15 cm above the seafloor would produce a 
photoquadrat of approximately 300 cm2/image, or about 3,600 cm2 per 
sampling unit.  Or, a camera height of 45 cm above the seafloor would 
produce a photoquadrat of approximately 2700 cm2/image, or about 
32,400 cm2 per sampling unit.  Regardless of the image size that is 
established, the biota within the photoquadrat shall be expressed in terms 
of percent coverage; i.e., normalized by the total area of the image. 
 
 

 (2) Fishes. 
 

Assessing fish assemblages associated with the natural and mitigation 
reefs is important but very difficult to achieve given the conditions of this 
area.  To provide estimates of a portion (carnivorous species) of extant 
fish assemblages we propose to use baited remote video cameras (Willis 
et al, 2000; Watson et al, 2005).     
 
Fixed duration (e.g., 10-minute) deployments of a video camera mounted 
to a heavy tripod will made at natural and mitigation reef sampling units.  
Camera tripods will be equipped with a plastic mesh bag filled with cut 
shrimp or fish.  Four samples will be taken within each sampling unit on 
natural and mitigation reefs during each survey. These samples will not be 
collected in the nearshore stratum.  All fish sampling will be dependent on 
sea conditions as well as horizonatal visibility.  It is anticipated that at least 
1.0 m will be needed to gather adequate data.  
 
Video segments will be analyzed in the laboratory.  Species observed in 
the video segments will be identified, and then the maximum number of 
each species seen at any one time is recorded as a measure of relative 
abundance.  
 

2.  Marine Turtles 
 

Pre-construction monitoring will be conducted to provide a baseline of 
marine turtle distribution in the project area. Pre- and post-construction 
monitoring will consist of conducting marine turtle visual transect surveys 
over the proposed mitigation areas and the existing nearshore hard 
bottom (NHB).  Monitoring will include the proposed project fill, designated 
buffer, reference and mitigation reef areas (Figure 8).  Data will be used to 
compare sightings per survey and kilometer, and to determine variability of 
turtle distribution within the project area before construction. Data will also 
be used to conduct BACI analyses of turtle distribution post project 
construction (Krebs 1999).  
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a) Two observers and a boat driver, trained in the identification of 
marine turtles, will conduct systematic visual transect surveys from a 
shallow draft watercraft equipped with a sighting tower (Holloway-
Adkins and Provancha 2005). When a turtle is observed, the boat 
driver will enter a time-stamped GPS waypoint, record the turtle 
species and its life-history stage (juvenile or adult).  

b) Transects will be conducted parallel to shore at approximately 7 mph. 
A survey day will consist of conducting at least one transect along the 
nearshore hard bottom (NHB) in approximately 4-6’ water depth and 
one transect over the mitigation reef site (MR) in approximately 15’ 
water depth. Depending on inshore swell activity, NHB surveys will be 
conducted approximately 100 to 300 feet from shore and MR surveys 
are conducted approximately 750 to 1000 feet from shore. Transects 
will be randomly alternated to begin at either the designated 
reference location  (R-68; Figure 2) and progress south, or begin at 
the southernmost Fill Area 4 (R-118) and proceed north.  

c) Five survey days will be conducted for the pre-construction survey 
event and for each post-construction survey event for each area 
(NHB and proposed MR with reference and buffer sites included) for 
marine turtle distribution (Table 3). These surveys will be conducted 
in summer. The depth, temperature, and clarity of the water will be 
recorded for each survey, as well as the air temperature, wind speed 
and direction. Sea state and swell conditions will also be recorded. 
Survey conditions will be evaluated and every attempt made to 
maintain similar sampling conditions (i.e., calm sea conditions, water 
clarity, nearshore swell conditions, time of day, etc.) to provide 
optimal data collection.  

d) Survey events will be conducted at pre-construction and at 1, 2, 3, 
and 5 years after initial project construction. 

e) Transect survey data will be compared to previous marine turtle 
surveys conducted with the same methods and in the same location 
since 2005. 

 
 

3.  Schedule.   
 
Biological monitoring surveys, indicated above, shall be conducted prior 
to, and at 1-, 2-, 3-, and 5-years after initial construction of the project. 
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Table 3.  Sampling for the distribution of marine turtles in the Mid-Reach during 
the pre- and post-construction project time periods. 

 
Survey Type Survey Area Survey 

Days 
Min. 

Surveys 
Min. Total 
Surveys 

Pre-Construction 
* 

NHB SU (5) 1 5 

 MR  1 5 
     
Post-
Construction 

NHB SU (5)  1 5 

 MR  1 5 
 

 
 

 
 
E.  Natural Nearshore Reef and Mitigation Reef – Reporting. 

1.  Annual monitoring reports will be prepared and submitted within 90 days 
after field data collection.  For expediency, each annual report may be 
released in separate components (physical changes, aerial mapping, 
epibiota and fishes, marine turtles) because of the different timing required 
for each.  In that event, an annual summary report shall be issued that 
seeks to draw together the findings of the monitoring plan’s various 
components.  

2.  The reports shall seek to quantify and contrast  

(a) the extent of physical change (burial/exposure) at the nearshore and 
mitigation reefs, relative to historical pre-project variance and relative to 
predictions of with-project profile adjustment, and relative to the threshold 
mitigation acreage at the constructed reef sites. 

(b) the extent to which the mitigation reef serves key ecological functions in 
terms of epibiota and fishes, within the context described below. 

 
The basic question is whether or not after a period of time the mitigation 
reef supports fishes and epibiotal assemblage (e.g., macroalgae, 
sponges, wormrock) comparable to adjacent natural hard bottom habitats 
(both inshore and offshore strata).  Response variables for this will be total 
biotic cover, cover of major taxa, and total number of taxa.    
 
Statistical analyses will consist of univariate and multivariate techniques.  
Univariate analyses will be performed initially by factorial analysis of 
variance (ANOVA) using sampling units as replicates within treatments.  
Treatments will be before-after, reference impact, and times for project 
impact analysis and reef type over time for the evaluation of the mitigation 
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reef.  Response variables used in the ANOVAs will include: total epibiotic 
cover, cover of major taxa, cover of individual taxa as data allow, and total 
number of taxa. Confidence limits will also be calculated and plotted for all 
response variables. A  non-parameteric multivariate ANOVA (Anderson, 
2001) will be used to examine the effects of the project and reef type on 
the epibiotal assemblage as a whole.  This approach uses a similarity 
matrix generated from the taxa-by-samples data set in the same design 
described above.  In addition, we will using ordination (multidimensional 
scaling) to graphically examine patterns among samples over time.  
Results and interpretation of all analyses will be discussed and supported 
in the report with appropriate tables and graphics.  Physical 
measurements, particularly those describing rock exposure along the 99 
monitoring transects (per II.C.1) will be used when interpreting the 
biological data.  
 
 The same basic question described for the attached epibiota is applicable 
for the fish assemblage.  Individual counts from camera deployments in 
each unit will serve as replicates in statistical analyses that will be similar 
to those described above for the epibiota.  Response variables in 
ANOVAs will include number of species, number of individuals and 
numbers of selected species/life stages as data allow.  Ordination and 
non-parametric multivariate ANOVA will be performed on species-by-
sample matrices as described above.  Life stage information for key 
species will be plotted as frequency of occurrence and proportional 
abundance by category among habitat types. 

(c) Evaluation of project impacts to epibiota on natural hard bottom will be 
made by comparing fill area samples with reference area samples both 
before and after the start of construction.  A three factor ANOVA 
(Reference-Impact, Before-After, and times) would be performed 
separately for nearshore and offshore strata. The test for impact will be a 
significant before-after x reference impact interaction.  Response variables 
will be the same as those mentioned above for mitigation reef evaluation.   
Other analyses will include ordination and non-parametric multivariate 
ANOVA. 

(d)  Additional observation of scientific/academic value will be likewise noted. 

 

3. The findings of the monitoring program and reports will serve toward 
documenting the studies described above and for determining the 
performance of the project relative to planning projections, as well as 
requirements for alternate or additional future actions. 
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III.  PERFORMANCE STANDARDS AND EVALUATION 
 
 The following describes the performance standards of the project in 
specific regard to (1) the extent to which the beach fill activity impacts the 
nearshore rock habitat, and (2) the extent to which the mitigation reef fulfills the 
displaced functions of the impacted habitat.  The means of measurement are 
described in Section II above. 
 
 The project is anticipated to impact approximately 3 acres of nearshore 
hardbottom through sedimentation or burial.  As compensatory mitigation 
associated with these impacts, the project shall initially construct approximately 
4.8 acres of mitigation reef.  This includes some contingency (or risk factor), 
principally for potential burial, sedimentation, or failure of a portion of the reef.  

 
(i) Per the Habitat Equivalency Analysis (HEA), the mitigation requirement 
reflects a conservative assessment that 75% the ecological services of the 
impacted hard bottom will be restored by the mitigation reef within two 
years after its construction – suggesting a requisite mitigation ratio of 
about 1.39 acres of compensatory mitigation per acre of impact; or, 1.39 x 
3.0Ac = 4.17 acres of mitigation. (CSA 2006, 2008; see Appendix SEIS-H, 
page 4).  This is the fundamentally-required mitigation acreage, to which 
an additional 15% contingency (0.63 acres) is allowed for potential burial 
of the reef, etc., for a total of 4.8-Ac of reef to be initially constructed, 
including contingency.   
 
(ii) Per the Uniform Mitigation Assessment Method (UMAM), the mitigation 
requirement reflects an assessment that functional loss of the impact area 
is about 1.05 to 1.28 times the relative functional gain of the mitigation 
area, including temporal effects, but without consideration of risk factor. 
This suggests a fundamental requirement for 3.15 to 3.84 acres of 
mitigation, without risk factor.  Inclusion of moderate/low risk factor of 1.5 
to 1.25, respectively (i.e., 50% to 25% multiplier) yields a total of 4.8-Ac of 
reef to be initially constructed, including contingency.    

 
 Per these project assessments, the fundamental mitigation area required 
to replace the ecological function of the impacted area (without additional 
contingencies in construction, for risk) is between 3.15 and 3.84 acres, or 4.17 
acres.   The upper mid-range of these values (4.0 acres of mitigation reef) 
reflects an assessment that the mitigation reef shall provide 75% of the 
ecological functions of the impacted area.  An additional 0.8 acres of mitigation 
reef is initially constructed as allowance for temporal considerations, 
contingency, and risk.  
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 The following terms are defined for purposes of the project’s Monitoring & 
Mitigation Plan, as described below: 

 The term “Threshold Mitigation Acreage” (TMA) is the assessed mitigation 
area required to replace the ecological function of the project’s impact 
area, less the risk factor (i.e., that factor which addresses uncertainty in 
mitigation requirements prior to construction and subsequent monitoring of 
the project).  The TMA shall be the minimum, long-term effective planform 
area of exposed, functional mitigation reef that is to be provided by the 
project. 

 The term “Impact Acreage” (IA) is the net amount of nearshore rock 
hardgrounds that is impacted by the project. 

 The term “Functional Mitigation Acreage” (FMA) is the effective area of 
exposed mitigation reef, provided by the project, that is providing predicted 
ecological function which is otherwise displaced by the project at the 
impact site. 

 The term “Average With-Project Acreage” (AWPA) is the mean, measured 
value of functional mitigation reef area from all prior and current surveys; 
viz., it is the mean of all prior and total FMA values.   

 
 For this project, the threshold mitigation acreage (TMA) is presumed to be 
approximately 4.0 acres, per above.  This is based upon a predicted Impact 
Acreage (IA) of approximately 3.0 acres.  The Impact Area shall be assumed to 
be the initially predicted value (3.0 acres) unless the project’s monitoring surveys 
of the existing nearshore hardbottom indicate substantiative and/or compelling 
reasons for its adjustment:  either greater or lesser.  This would include indication 
that the post-project changes in the rock exposure and/or profile elevation are 
significantly different than those initially predicted, relative to the natural 
variations expected in without-project conditions.   
 
 Assessed over the long-term, the acreage of the exposed, functional 
mitigation reef (FMA) should be equal to or greater than the minimum acreage 
requirement for functional mitigation reef (TMA).  If not, then future adaptive 
actions shall be required, per below.    
 
 The area (acreage) of the functional mitigation reef, from any given 
survey, shall be measured as described in Section II.C.2.  The long-term acreage 
of the exposed, functional mitigation reef shall be described by the average with-
project acreage of the reef (AWPA); that is, the cumulative year-by-year mean 
value of the exposed, functional mitigation reef area.   
 



Mitigation & Monitoring Plan  Brevard County Mid Reach    
August 29, 2008  Shore Protection Project 

 

27

 The monitoring data described herein shall be evaluated after the Year-5 
post-construction survey to assess the project’s impacts to the nearshore 
hardgrounds and the performance of the mitigation reef.  This period of time 
includes the cumulative effects of the initial project construction plus one 
renourishment, and likewise includes an adequately sufficient time to assess the 
biotic recruitment, function, and physical behavior of the mitigation reef as 
described in Section II above.   Interim-year results shall be reported and 
reviewed, prior to the Year-5 summary review, including prior to the project’s first 
renourishment.  Should the AWPA be less than the TMA after the Year-5 survey, 
or should annual assessments of the AWPA or nearshore rock surveys indicate 
significant trends that are adverse or inconsistent with the project’s predicted 
performance, then adaptive actions shall be taken.  These actions may consist of 
additional monitoring, analysis, and/or modifications to the project plan, subject to 
coordination between the Corps of Engineers, non-federal sponsor and the 
relevant regulatory agencies. 
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Department of 
Environmental Protection 

Jeb Bush 
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Ernest N. Brown, Director 

Marjory Stoneman Douglas Building 
3900 Commonwealth Boulevard 
Tallahassee, Florida 32399-3000 

7 October 2005 

Natural Resources Management Office 
Brevard County Board of County Commissioners 
2725 Judge Fran Jamieson Way, Bldg. A 
Viera, FL 32940-6605 

REQUEST FOR ADDITIONAL INFORMATION (RAI #1) 

JCP File Number: 
Applicant Name: 
Project Name: 

Dear Mr. Brown: 

0254479-001-JC, Brevard County 
Brevard County Board of County Commissioners 
Brevard County Mid-Reach Beach Restoration 

Colleen M. Castille 
Secretary 

This letter is to acknowledge receipt of your application for a Joint Coastal Permit, pursuant to 
Chapter 161 and Part IV of Chapter 373, Florida Statutes; and authorization to use state-owned 
submerged lands, pursuant to Chapter 253, Florida Statutes. 

Please be advised that your permit application is considered to be incomplete as provided for by 
Chapter 120.60, Florida Statutes (F.S.), and Rule 62B-49, Florida Administrative Code (F.A.C.). 
Receipt of information requested below is required. TI1e items of information are numbered to 

correspond with the item numbers on the application form. 

When replying to this Request for Additional Information (RAJ), please address your response to 
my attention (the undersigned permit processor). Please keep your RAJ response separate from 
Scope of Work (SOW) submittals to the Project Manager in the Bureau's Beach Erosion Control 
Program. Misdirecting your response or combining your response with SOW matters will delay 
the review of your application. Please feel free to courtesy copy any other individuals with your 
response, but only responses addressed to the permit processor will be reviewed as part of your 
permit application. 

Please submit three (3) hard copies of your response. Also, please prepare and submit one 
(1) electronic copy of your response (response document text, all attachments, and 
drawings) and submit it on a CD in Adobe Acrobat Reader® (.pdf) format. 

·More Protection, Less Process" 
Printed on recycled paper. 
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4. Location of activity referenced to Section/Township/Range; 

It appears that Section 36, Township 26 South, Range 37 East should be included in the 
description. Please confirm. 

5. Describe in general the proposed activity including any phasing 

Please describe the beach-dune conditions that would initiate nourishment of the dune and beach 
berm restoration project area between DEP Monuments R-75 and R-99 (after completion of the 
two year maintenance cycle). Please confirm that the proposed scope of the nourishment event 
will not exceed reconstmction of the fill template constmcted during the original dune 
restoration. 

Has Canaveral Shoals Borrow Area I been excavated for any previous project? If yes, when did 
excavation first commence? 

Be advised that, while staff acknowledges the likely need for nourishing the northern section of 
Mid-Reach (R-75.3 to R-99) every two years because of the limited placement volume proposed, 
the Department's present policy is to authorize only one-time constntction under a beach 
restoration permit (i.e., along a stretch of beach where no sand has previously been placed 
seaward of the mean high water line) so that the effects of the project design may be properly 
assessed from the monitoring surveys prior to approval of follow up operations. The applicant 
may apply at any time for a subsequent nourishment permit, though this application may not be 
deemed complete or approved until monitoring results have been submitted following 
completion of work under the initial (restoration) permit. Requests submitted under the JCP 
program do not preclude simultaneous applications for Coastal Constmction Control Line 
permits that authorize construction above the mean high water/erosion control line, such as for 
dune enhancement. 

8. Identify the requested permit duration in years. 

You have requested a permit duration of ten ( 1 0) years. The construction phase of beach 
restoration projects are normally permitted for five (5) years or less, pursuant to Rule 628-
49.011(1), F.A.C., unless it is sufficiently demonstrated that the activity "cannot reasonably be 
expected to be completed within five years after commencement of construction.,. A pem1it of 
more than five years also requires that "the impacts of the activity, considering its nature, the size 
of the system and any required mitigation, can be accurately assessed, and offset where 
appropriate." Because substantial uncertainties exist over the long-term effects of this project on 
the natural resources and the efficacy of the proposed mitigation, staff is presently not inclined to 
support extended or recurrent constntction events under the initial authorization. Please revise 
your request to five (5) years or less, or provide evidence that a longer duration is required for the 
initial (once only) constmction event. Note that a time extension may be requested should 
constmction activities approach the expiration date. 

Ptirrted on recycled paper. 
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10. Have you obtained approval from the Department of State, Division of Historical 
Resources? If yes, provide a copy of the letter of approval. 

The Division of Historical Resources (DHR) previously described objects within ''Borrow 
Area If' that are related to the U.S. Space Program (underwater archaeological survey #6730). 
These objects should be avoided, or recovered and identified, in order to detennine their 
eligibility for the National Register of Historic Places (especially anomalies C2~01, C2-02, 
C2-08, C2-l2, C2-I3, C2-14, C2-16 and C2-17). Do the anomalies listed as CC~Ol to CC-09 on 
Sheet 17 of24 in Attachment A of the permit application include the C2 anomolies ofparticular 
concern? If not, please submit a description and/or drawing identifying the locations of all space 
program objects in relation to the borrow area and how they will be avoided or recovered. 

I 2. Are you requesting authorization to use Sovereign Submerged Lands? 

As you inferred, the Department will be able to issue a letter of consent for the beach fill 
placement area below the mean high water/erosion control line and for the mitigation area. A 
submerged lands authorization will also be required for the Canaveral Shoals I borrow area, 
because it is within State waters. A public easement is required for a borrow area that has been 
or will be used for more than 5 years. Previous authorizations to use this borrow area do not 
automatically apply to a new project location. An easement may also be required for the 
rehandling area, according to Paragraphs 18-21.005(l)(c) and (f), F.A.C., where the rehandling 
area is treated as a "borrow area," as well. If a current easement already exists for Canaveral 
Shoals I, then that easement may need to be modified to address the duration and the placement 
location. Your response to Item No. 8 (permit duration) will assist us in the proper 
determination. 

13. A copy of the Division of State Lands title determination. If you do not have title 
determination, department staff will request that the Division of State Lands conduct a 
title check. 

The Division of State Lands has determined that lands lying below the mean high water line for 
the length of the project arc state owned. A number of shore-adjacent parcels, sometimes 
extending down to the mean low water line, are subject to Lease No. 3485. This 50-year lease 
was issued on 15 June 1987 to Brevard County, with the purpose of allowing the County to 
represent the State in managing the land for "public outdoor recreation and related purposes." 
No further information is required for this item. 

14. Written evidence of title to the subject riparian upland property in the form of the 
recorded deed, title insurance, legal opinion of title, or a long term lease which 
specifical~v includes riparian rights. Evidence submitted must demonstrate that the 
applicant has sufficient title i!lterest in the riparian upland property. If the applicant is 

Panted on recyr:hKi paper. 
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not the property owner, then authorization for such use from the property owner must be 
provided. 

According to Paragraph 18-2l.004(3)(b ), F.A.C., evidence of upland interest is not required from 
governmental entities such as the applicant when conducting restoration or enhancement 
activities, provided that such activities do not unreasonably infringe on riparian rights. No 
further information is required for this item. 

18. Applications for permits and authorizations to use sovereign submerged lands shall be 
accompanied by a fee. The fee shall be the sum of the fees required by Chapters 62-4 and 
62 B-41, FA. C.. for processing of the permit application and Rule 18-21.00 !, F. A. C., for 
processing the request for authorization to use sovereign submerged lands. 

The sum of the fees required by Chapters 62-4, 62B-41, and 18-21, Florida Administrative Code, 
has been calculated as $20,410.75. A breakdown is as follows: Rule 62-4.050(4)(h) requires 
$10,000 for construction over approximately 400 acres of surface waters, and Rule 62B-
41.0085(3)(b) requires $17,500 for the 1.6 miiJion cubic yards designated for beach fill. 
However, Rule 628-41.0085(6) allows a waiver of the portion of the fees required under Chapter 
628-41 in excess of the local government pro rata contribution to the project. Therefore, since 
this project is cost shared with the state government, considering the local cost share at 59.49% 
of the non-federal expenses and the computed 62B-41 fee (above) of$17,500, the local pro rata 
share pennit fee under Chapter 62B-41 is $10,410.75. (Please note, the pro rata provisions of 
Rule 628-41.0085(6) apply to the tee requirements within Rule 62B-41 only.) 

Rule 18-21.009, F.A.C., will require an additional $500 processing fee if an Easement is 
necessary. 

20. Two copies of a topographic and bathymetric survey drawing of the proposed project site 
in accordance with Rule 62B-41.008(1)(h), F.A.C. IdentifY the elevation of the mean high 
water and mean low water referenced to NGVD for each Wetland or surface water site 
and the source of the tidal datum information. 

We acknowledge that you will provide this information. The application will remain incomplete 
pending submittal of the survey drawing(s). 

21. Provide a legal description of all property involved, including sovereign submerged 
lands used in carrying out the project. 

A public easement is required for Borrow Area I if it has been or will be used for more than 5 
years. A legal description will only be required for the nearshore rehandling area if it is 
determined that an Easement is needed, following Item No. 13 above. If an Easement is 
required, you will need to submit two (2) copies of the legal description and a surveyor's sketch 
of the project area and specific boundaries, signed and sealed by the registered surveyor. The 
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same will be required for the Canaveral Shoals Borrow Area I if an easement is necessary for this 
project and a previous easement has not been executed. 

23. An engineering description of as-built drawings, if available, of any existing structures 
on the site which may be directly or indirectly affected by, or >vhich may directly or 
indirectly affect the proposed activity. 

When available, please submit the feasibility study that addresses the elimination or reduction of 
storm water outfalls at the beach. Also discuss the removal of any ston11water outfalls, located 
within the scope of this project, that aren't addressed in that study. The application will remain 
incomplete pending submittal of the study and discussion. 

Are there any derelict structures within the project area, including any damage or degraded 
armoring stmctures or geotextile dune scour protection stmcturcs? Are there any private outfalls 
within the project area? If so, please indicate the stmctures on the plan sheets provided as 
Attachment A in the JCP application and submit a plan to remove said stmctures from the beach 
and dune system. 

24. Two complete sets of constmction plans and specification for the proposed activi~v, 
certified by an engineer du(y registered pursuant to Chapter 471, Florida Statutes. The 
plans shall include the following: 

c. Details of construction, including materials and general construction procedures 
and equipment to he used (e.g., construction access, dredging method, dredged 
material containment, pipeline location). 

Please provide additional description of the constmction method to mechanically place fill 
material in the dune and beach berm restoration project area between Monuments R-75 and R-99. 
Specifically, what is the method to measure and control the total volume of material placed per 

linear foot of shoreline given? Bureau stat! is familiar with filling and grading of fill material to 
restore a dune and backshore berm. Olsen Associates (2003) describe a placement andre
grading procedure. Given that the proposed activity will extend across the beach to the mean low 
water line, the staff is concerned that insufficient measurement of volume placed, or volume 
losses during constmction by wave action, will result in the placement of material that exceeds 
the design volume, and consequently, exceeds the predicted coverage of nearshore hardbottorn. 

The drawings in Attachment A of the application designate constmction access points. Are all 
staging areas (including pipeline stockpile locations) landward of the beach and dune system at 
these points? See FWC Comment (7). 

25. In addition to the full-size drawings requested above, the information requested under 
Items Nos. 20, 23. and 24 above shall be provided on 8 I 12-inch by 1 I -inch paper. 

Printed on recycled paper 
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• 
Please add a title page and table of contents. Please provide any drawings that reflect updates 
stemming from your responses to Item Nos. 23, 37, etc. 

26. An aerial map of a scale of I" = 200~ showing: the project boundaries, DNR Reference 
Monument locations, major county landmarks, and special aquatic or terrestrial sites 
(parks, sanctuaries, refuges, etc.) within the project boundary and one quarter mile in 
both shore-parallel directions of the project boundary; 

We acknowledge that you will provide this information with your response to Item No. 20. Your 
application will remain incomplete pending submittal of the aerial map. 

28. Penn it applications for excavation or fill activities shall include the following detailed 
infonuation concerning the material to be excavated: 

a. Core boring logs and sediment grain size anaZvses from representative points 
throughout the area to be excavated. Logs should extend at least two feet below 
the proposed bottom elevation. The depth of each visible horizon in the log 
should be reported relative NGVD and the material in each stratum classified 
according to grain size. 

h. Particle size analysis to the sediment and a measure of the percent organics h_v 
dry weight. Gradation cun•es should be produced from sieve analysis of each 
stratum in the core. Grain size distribution must be determined down to the 
standard unit 230 sieve size. 

Normally copies of the above information are required for every new permit file; however, Staff 
has reviewed core logs and sediment analyses for the borrow areas as submitted with the contract 
specifications for the Patrick Air Force Base Beach Restoration Project (Permit No. 0176167-
00 1-JC). Stemming from this review: 
• Please provide updated plan and section views of the borrow areas showing the volume of 

material that has been removed in previous projects. 
• Please provide munsell colors for the samples collected from borrow areas I and II, and the 

access channels. 
• Please provide carbonate contents/ estimates of shell content for both borrow areas and the 

access channels as well as the native beach. 
• In what grain size fraction is the carbonate dominant (for borrow areas I and II and the access 

channels and for the native beach)? 
• For borrow area I and the access channels the silt content appears to increase with depth in 

the cores. Please discuss how you will avoid putting this material on the beach and monitor 
for turbidity. 

29. Using an established natural community classification system, describe each natural 
community within the area of influence of the proposed activity and include; 

Printoo on recycloo paper. 
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a. Acreage. 

Profile drawings from Attachment A in the JCP application for profiles at DEP Reference 
Monuments R-78, R-81 and R-93 show no coverage ofhardbottom by the equilibrium toe of fill, 
but this conflicts with the plan views provided under Attachment B l. Please explain the 
discrepancy. 

Please address FWC Comments (1) and (2). 

b. Identification of the flora and fauna to the lowest taxon practicable. 

c. Characterization of dominant and important flora and fauna and estimates of 
percent biotic cover. 

d. Sampling locations, date of sampling or measurements; and methods used for 
sampling. 

When available, please submit the report that details and analyzes the biological field studies 
conducted in February 2005, including the section on marine turtle abundance and foraging, 
fishes and epibiota. The application will remain incomplete pending receipt of the report. 

Please address FWC Comments (3), (8), (9) and (10). Note that following submittal ofFWC 
Comment (l 0), our office made available to FWC staff an electronic copy of the January 2003 
report "Assessment ofNearshore Rock and Shore Protection Alternatives Along the 'Mid-Reach' 
of Brevard County, Florida" (Olsen Associates). 

Please provide a plan for monitoring the intertidal infauna. This plan should include the pre
construction baseline data and post-construction recovery. 

30. Detailed information on season of occurrence, density, and location of threatened or 
endangered species whose range occurs within the proposed activity. 

See above comments under Item No. 29. 

31. Results of available wildlife surveys that have been conducted on the sites, and any 
comments pertaining to the proposed activity from the Florida Fish and Wildlife 
Conservation Commission and the U. S Fish and Wildlife Service. 

Please submit a Biological Opinion for the project from the U.S. Fish and Wildlife Service 
and/or the NOAA National Marine Fisheries Service, as appropriate, via consultation initiated by 
the U.S. Army Corps of Engineers. The Biological Opinion(s) include authorization for 
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incidental take of endangered species (including sea turtles), which is required prior to the 
issuance of a state permit for a restoration project, pursuant to Chapter 370.12(h), F.S. 

Please address FWC Comments (4) and (5) 

32. A general description of all commercial and recreational fisheries, diving regions, and 
other recreational uses within the area of influence of the proposed activity. 

At the northern section of the projects boundary has a long history of surfing, and like fishing, 
"surfing breaks have social and economic value for coastal communities" (Scarfe 2003). 
However, the application neglected to mention that the project area was used for surfing. Are 
there any other significant commercial or recreational uses that were not listed? 

33. Analysis of the expected effect of the proposed activity on the coastal system including 
but not limited to: 

a. Ana~vsis of the expected effect ofthe proposed activity on the existing coastal 
conditions and natural shore and inlet processes. 

The description of the method used to assess alongshore spreading of the beach restoration fill 
material placed between R-99 and R-118 is acceptable. However, the calculations for diffusion 
of the fiJI reference a 0.5-foot per year erosion rate. Is the eroded material conserved in estimates 
of sand that spreads along adjacent beaches, or is it considered to be transported offshore, or 
otherwise lost from the system? What volume does this represent? Please confirm that the 
depiction of the anticipated toe of equilibrium profile for the reach north of R-99 on the drawings 
in Attachment B 1 include material from fill spreading. 

Please provide a detailed description with references of the analytical method use to predict the 
equilibrated profile of the dune and beach berm restoration project area between Monuments R-
75 and R-99. Include calculations and annotated figures to illustrate the method as applied to the 
two representative profiles of this area used in Olsen (2003). With regard to the assessment that 
the initial impact to nearshore hard bottom is a reasonable estimate of the maximum impacts from 
subsequent nourishment events, please specify the net losses of fill material, above and below the 
water line, for this outcome to occur. Olsen (2003) is not explicit as to whether this assessment is 
based upon total loss of all fill material from the project area. What are the annual transport rates 
for material into and out of the Mid-Reach, distinguished by northern and southern fill sections? 

Please provide an analysis of whether the equilibrium of material will affect bathymetry and 
associated wave refraction such that predominantly "surfable" waves change to "ordinary" 
waves. Surfable waves are waves in which the break point peels along the wave crest, and 
ordinary waves are waves that tend to break all at once or at two different places within the same 
wave crest thus limiting the length of the ride and surfing experience. This area in Brevard 
County with its hardbottom characteristic tends to create surfable waves. Other areas that are the 
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southern portion of the project area with lack of hardbottom characteristic tend to exhibit more 
ordinary waves. 

b. Ana~vsis of the compatibility of the fill material with respect to the native 
sediment the disposal site. The anaZvsis should include all relevant computatio!L<;, 
the overfill ratios, and composite graphs of the grain-size distribution of the fill 
material and the native sediment at the disposal site. 

• Please submit a sediment quality control/quality assurance plan that will ensure that the 
sediment to be used for beach restoration or nourishment will meet the standard in paragraph 
62B-41.007(2)(j), F.A.C. 

• Please provide all relevant computations, the overfill ratios, and composite graphs of the 
grain-size distribution of the fill material and the existing or native sediment at the disposal 
site. 

• Please provide the results for any sediment sampling of material from the Canaveral Shoals 
Borrow Areas following placement upon the beach under the Brevard County North Reach 
(0134869-002-JC), Brevard County South Reach (0137212-005-JC), or Patrick A.F.B. 
(01 76167-001-JC) projects. 

• For borrow area I in most cores the shell content is greater than 10%. How does this compare 
to the native beach? 

d. Analysis of how water quali(v and natural communities will either be impacted, 
undisturbed, preserved or maintained within the area of influence of the proposed 
activity tvith an estimate of the affected acreage of each impacted community. 

• Please discuss the likelihood, size, level of exceedance and duration of turbidity plumes 
being generated by wave action reworking the newly place fill material following the 
completion of construction. Also, please be advised that turbidity monitoring must be 
conducted by an independent third party. 

• What is the proposed time of year and duration of the sand stockpile on the beach? Will light 
from buildings or roads be visible from this elevated berm? 

• What is the distance between borrow area I and the nearest hardbottom communities? Please 
describe the survey(s) used to determine this distance. 

35. Describe any methods proposed to protect threatened or endangered species. 

Please address FWC Comment (6) 

36. A written statement providing the necessity and justification for the potential irnpacts to 
the coastal ecosystem which may be caused by the proposed coastal constntction. 
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Please address FWC Comment (13). Note that following the submittal of this FWC comment, 
FWC staff members (Trindell and Mille) were sent hard copies of"Appendix D- Pertinent 
Correspondence" from the 1996 Brevard County Shore Protection Project Feasibility Report with 
Final Environmental Impact Statement, which includes the referenced State Clearinghouse 
consistency determination. 

37. A detailed narrative description of any proposed mitigation plans, including purpose, 
maintenance, monitoring, estimated cost, construction sequence and techniques. 

The proposed mitigation does not appear to be sufficient to offset the anticipated impacts of the 
beach fill, because impact sites and the mitigation sites provide very different habitat types with 
different functions. Artificial reefs placed at a depth of 14+ feet (NGVD) are not expected to 
fully mimic the functions ofrock outcrops in 0 to 4 feet ofwater. Staff appreciates the review of 
mitigation alternatives that the applicant has already described in the 2003 Assessment of 
Nearshore Rock and Shore Protection Alternatives, however, the applicant is encouraged to 
further research mitigation concepts that will allow placement of stable hardbottom closer to 
shore, in shallower water. For instance, you may wish to consult further with Mr. Dan Bates of 
Palm Beach County, who is referenced (in the 2003 alternatives report) as part of your evidence 
for the stability ofthe proposed geogrid mattresses. Currently, under the Juno Beach 
nourishment project (Permit No. 0127642-001-JC), Palm Beach County is considering options 
for placing additional mitigation hardbottom close enough to shore to allow land-based 
construction methods. 

The choice of geogrid mattresses is based on your assessment that no rock substrate exists within 
ten (1 0) feet of the sandy sea bottom beyond the exposed reef Please provide a map of the 
location of the jet probes and more detailed results of the "sub-bottom surveys" used to make this 
detem1ination. Is it possible that near surface solid substrate exists just seaward ofthe emergent 
rock reefs along the northern section of Mid-Reach, even if only for a more limited amount of 
mitigation material? 

If"like for like'' mitigation ultimately remains unfeasible, then the Department would conduct an 
assessment of proposed mitigation plan to determine if an increased acreage of mitigation would 
be sufficient to off-set the proposed impacts according to a functional evaluation performed 
under the Universal Mitigation Assessment Method (UMAM), pursuant to Rule 62-345, F.A.C. 
Please provide estimates of functions of the (final) proposed mitigation to assist staff in 
performing the assessment. At a minimum, list (for both the impact site and the mitigation site) 
all biological functions (e.g., algal substrate, predation on larval fish, sea turtle foraging grmmds, 
competition between juvenile and adult turtles, etc.), water depths, wave climate, vertical relief, 
and the other pertinent evaluation criteria from Rule 62-345, F.A.C. Then estimate the degree to 
which the proposed mitigation will provide these functions (on a scale ofO to 10). Highlighting 
habitat differences with respect to endangered, threatened or special concern species may be 
appropriate. 

Printed on recycJed paper. 
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Staff recognizes that coordination with the U.S. Army Corps of Engineers (USACE) is 
imperative in determining acceptable mitigation, and a November 2005 meeting is currently 
planned to help our two agencies form a consensus on appropriate mitigation measures for 
hardbottom impacts in generaL You are encouraged to solicit comments from the USACE, 
formal or informal, on the mitigation plans for this specific project as early as possible. Bureau 
stafi' is willing to join in coordination meetings, as necessary, if you feel there is a conflict 
between Department and USACE perspectives on a preferred mitigation plan. 

Please provide a detailed physical monitoring plan for the project. It is recommended the plan be 
similar to monitoring conducted for the South Reach project, and indeed, could be consolidated 
into a comprehensive monitoring program for the county. In addition, the plan should include 
physical monitoring requirements for assessing the conditions along R-75 to R-99 that would 
initiate maintenance nourishment activities without contributing additional hardbottom impacts. 
A detailed biological monitoring and mitigation plan will also be required once the conceptual 
design, construction and siting of the mitigation work has been approved by the Department. 

While staff recognizes the difficulties in simply designing and constructing a viable mitigation 
site to offset the biological impacts associated with the expected loss ofhardbottom, the 
applicant is further encouraged to consider a mitigation hardbottom design that creates an 
additional surfing break. Please estimate the technical and financial feasibility of incorporating 
such a feature into the mitigation work. 

Please address FWC Comments (ll) and (12) 

38. An analysis of available alternatives to the proposed coastal construction, on meeting the 
stated performance objectives and any related affects on the coastal system. 

The discussion of dune restoration only along the segment between R-75 and R-99 in Olsen 
Associates (2003) uses a design constraint of2.5 cubic yards per foot as the volume density 
based upon constructability. However, recent post-storm dune restoration activities in this area 
placed significantly more fill material (up to 8. 7 cubic yards per foot) along the eroded dune bluff 
(CCCL Permit No. BE-ll34E). Please reassess the alternative of a dune restoration only project 
along this segment that would meet the performance objectives and reduce predicted impacts to 
nearshore hardbottom. 

Please publish the enclosed Notice of Application. Pursuant to Section 403.815, Florida Statutes 
and Rule 62-l IO.l 06, Florida Administrative Code, you (the applicant) are required to publish at 
your own expense the enclosed Notice of Application. This notice shall be published one time 
only within 14 days, in the legal ad section of a newspaper of general circulation in the area 
affected. For the purpose of this rule, "publication in a newspaper of general circulation in the 
area affected" means publication in a newspaper meeting the requirements of Sections 50.011 

Printed on recycled paper. 
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• 
and 50.031, Florida Statutes, in the county where the activity is to take place. The applicant shall 
provide proof of publication to the Department within seven (7) days of publication. 

If the applicant fails to provide all information required to complete the application within six (6) 
months after a request for additional information has been sent, the staff will close the permit 
application file after written notice to the applicant, except that a request for an extension of time 
for a period agreeable to the Department, but not to exceed one year, shall be granted upon 
demonstration by the applicant that the delay in completion of the application has been caused by 
matters beyond the control of the applicant. Application files closed under these procedures shall 
be closed without prejudice and a new application, accompanied by the appropriate fee, shall be 
required to renew the application. 

If the processing of the application is prolonged, or if a storm event is known to have altered the 
shoreline such that the statT determines that the topographic and bathymetric survey data is no 
longer adequate to complete its analysis, then an updated survey shall be required as specified in 
Item No. 20 above. In the event that an updated survey is required, the application shall be 
treated as an amended application. 

If I may be of any further assistance, please contact me at the letterhead address (add Mail Station 
300) or by telephone at (850) 414-7806. 

Enclosure: Notice of Application 

Sincer~y, , LQ 
~~od, Environmental Specialist 
Bureau of Beaches and Coastal Systems 

FWC Comment Letter (dated 09/29/05) 

cc: 
Virginia Barker, Brevard County 
Kevin Bodge, Olsen Associates, Inc. 
Irene Sadowski, USACE, CESAJ-RD-NA-M 
Osvaldo Rodriguez, USACE, CESAJ-DP-B 
George Getsinger, NOANNMFS, Jacksonville 
Rob Bittner, USFWS, Jacksonville 
Robbin Trindell, FWC, ISMS 
Keith Mille, FWC, MFMS 
Janet Llewellyn, DEP, Secretary 
Michael Sole, DEP, Chief of Staff 

Dave Herbster, DEP, Central District 
Michael Barnett, DEP, BBCS-Chief 
Martin Seeling, DEP, BBCS-JCP 
Vladimir Kosmynin, DEP, BBCS-JCP 
Robert Brantly, DEP, BBCS-CE 
Beth Forrest, DEP, BBCS-CE 
James LaGrone, DEP, BBCS-CE 
Paden Woodruff, DEP, BBCS-BECP 
Jackie Larson, DEP, BBCS-BECP 

Printed an recycled paper. 



REPLY TO 
ATTENTION OF 

Regulatory Division 
North Permits Branch 
Cocoa Field Office 
SAJ-2005-8688(IP-IS) 

DEPARTMENT OF THE ARMY 
JACKSONVILLE DISTRICT CORPS OF ENGINEERS 

P. 0. BOX 4970* 

JACKSONVILLE, FL 32232-0019* 

Brevard County Board of County Commissioners 
Attn: Mike McGarry 
2725 Judge Fran Jamieson Way, Building A 
Viera, Florida 32940-6605 

Dear Mr. McGarry: 

July 5, 2006 

Reference is made to your response letter dated May 3, 2006 (Attachment 
1), at which time you requested a 90-day minimum time extension to investigate 
mitigation options for the project as proposed. In your letter you stated 
that all alternatives suggested in our comment letter dated April 6, 2006 
(Attachment 2) were considered previously but were found to be limited by a 
complicated matrix of physical factors. Therefore, it is apparent to the 
Corps that the County strongly believes that direct impacts to nearshore 
hardbottom cannot be eliminated nor significantly reduced and still meet the 
objectives of the project. 

The Corps' position is that the project as proposed will likely result in 
significant degradation of the aquatic ecosystem due to unacceptable impacts. 
You have failed to convince us that you have selected the least damaging 
practicable alternative. The work as proposed has unacceptable impacts and we 
will move forward with an unfavorable decision unless the impacts to nearshore 
hardbottom are eliminated or significantly reduced. 

We believe that our file information is sufficient for us to make a permit 
decision. As described in our April 6, 2006 letter, we are concerned that the 
following public interest factors weigh in favor of finding the proposal 
contrary to the public interest: conservation, general environmental 
concerns, fish and wildlife values and mitigation. 

As requested in your letter, the Corps will grant your 90-day extension to 
August 3, 2006 to provide the data you are currently collecting. At that time 
we will close our record and make a decision. 

Enclosures 

Sincerely, 

Osvaldo Collazo 
Chief, North Permits Branch 

~ECEIVr~ 

.JUL 1 0 2006 
JACKSONVILLE D 

US ACE 
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Brevard County, Florida Storm Damage Reduction Project 
Mid-Reach Segment 
Interagency Meeting 
June 13, 2007 
U.S. Army Corps of Engineers Office, Jacksonville, Florida 
 
Meeting Minutes: 
 
1.  The following were in attendance: 
Kevin Bodge, Olsen Associates, Inc. 
Virginia Barker, Brevard County 
Mike McGarry, Brevard County 
Karen Holloway-Adkins, East Coast Biologists 
Ann Marie Lauritsen, USFWS/Jax FO 
John Milio, USFWS/Jax ES FO 
Jason Engle, USACE, Jax District 
Candida Bronson, USACE, Jax District 
Paul Stodola, USACE, Jax District 
Kenneth Dugger, USACE, Jax District 
Irene Sadowski, USACE, Jax District 
George Getsinger, NMFS HLD 
Osvaldo Rodriguez, USACE, Jax District 
Jessie Pettingill, USACE, Jax District 
 
The following were in attendance via telephone conference call: 
Marty Seeling, Florida DEP 
Steve MacLeod, Florida DEP 
William Weeks, Florida DEP 
Caitlin Lustic, Florida DEP 
Jackie Larson, Florida DEP 
Vladamir Kosmynin, Florida DEP 
Dennis Klemm, NMFS  
Pace Wilber, NOAA Fisheries  
Robbin Trindell, FFWCC 
 
 
2.  Osvaldo Rodriguez welcomed everyone to the meeting and introductions were 
made.  Candida Bronson and Paul Stodola gave a short powerpoint presentation 
based on the read-ahead materials and then opened up the floor for discussion. 
 
3.  Robbin Trindell opened up the discussion by asking which models were used to 
predict equilibration and if they were the same as in non-rock areas.  The concern 
was if the rock impact presented was reasonable or if it underestimated the impact.  
Jason Engle explained how the rock impact was calculated, by using historical data 
from the Mid-Reach and translating the profile seaward.  This approach assumes 
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that the natural slope of the shoreline would be translated seaward with the addition 
of material.  Kevin Bodge added that with the small amount of fill proposed, this is a 
valid approach.  He added that fills at Patrick AFB can be used as a case study.  
Data from the Patrick AFB project have shown a stable fill, with longshore movement 
of material essentially in balance between what is moving north and what is moving 
south.  It was requested that a summary of the Patrick AFB project and monitoring 
results be included in the next documentation for the Mid-Reach project. 
 
4.  A concern was stated about turbidity impacts to the nearshore rock.  Clarification 
resulted in the concern being not only the physical burial of rock but the impact on 
adjacent rock by turbidity caused by the fill.  This would occur at every 
renourishment.  Kevin Bodge stated that the material proposed was very low in fines 
content and is not expected to cause a turbidity issue.  Information on the borrow 
material will be provided in the next set of documentation.   
 
5.  Ann Marie Lauritsen turned the discussion to the mitigation and monitoring plan.  
The monitoring plan in the read-ahead material discusses physical and biological 
monitoring over a period of 5 years.  Provisions are included for actual versus 
predicted losses.  A question was asked if the permits can include a requirement to 
recalculate the amount of mitigation based on the monitoring data of impacts.  Marty 
Seeling stated that there is precedence for this, and additional mitigation is usually 
required at the next renourishment.   
 
6.  A technical question on the UMAM calculation was directed to DEP.  Paul 
Stodola had used the technique of applying a zero to the post-burial rock area and a 
zero to the sandy bottom prior to construction of the mitigation reef.  Marty Seeling 
agreed that this was appropriate. 
 
7.  George Getsinger asked if any studies were completed of the effects on the rock 
within the Mid-Reach following the Patrick AFB fill.  Kevin Bodge stated that the 
Patrick AFB fill has been relatively stable, except for the 2004 hurricanes when a 
loss of material was noted.  The material did not visibly migrate north or south but 
was lost to the project.  Monitoring was done for about a ½ mile south into the Mid-
Reach area.  Generally the Mid-Reach rock coverage is the same as historical 
amounts with no noticeable impact from the Patrick AFB fill.  The rock is highly 
variable through time, with certain outcroppings buried while others emerge, but 
generally the same amount of rock is exposed through time.  This is also variable 
with seasons and storm events.   
 
8.  The discussion moved to the topic of functional loss versus functional gain with 
respect to the rock impact and the mitigation proposed.  Marty Seeling expressed 
reservations regarding the deeper depth of the mitigation reef compared to the 
shallow impact area.  He did acknowledge that it may not be possible to verify if 
every function exists in both places and that best professional judgment may be 
used on the appropriateness of the mitigation.  Karen Holloway-Adkins added some 
information from the environmental studies, stating that it was estimated that 64-85% 
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of the function of the natural rock will be replicated by the mitigation reef.  Concern 
was expressed over lost functions and cumulative effects.  Virginia Barker added 
that out of the 7 sub-sets of functions studied, all were present at the mitigation site.  
George Getsinger suggested that the studies are missing specific age classes that 
may be affected.  Anne Marie suggested that some of the concerns could be 
addressed through the monitoring plan.  The monitoring plan should be tailored to 
address the uncertainties in the project and allow for adjustments in the mitigation 
required. 
 
9.  The Indian River County mitigation project was brought up as an example of 
mitigation in the same 14 to 16 foot water depth.  The monitoring report was just 
published for review.  Vladamir Kosmynin and Robbin Trindell had looked at the 
report and offered that there was no baseline data where the natural rock was 
studied before impact, so that study does not answer all of our questions.  It was 
stressed that the monitoring plan for Brevard Mid-Reach needs to contain a pre-
construction survey of the impact area.  Several others had not had the opportunity 
to review the report.  Candida Bronson offered to get an electronic copy from 
Brevard County and make available. 
 
10.  In a broad sense, Robbin Trindell said that the presented plan appears to be the 
right alternative.  Concerns now focus on the mitigation and monitoring plan.  
George Getsinger seconded that idea.  The monitoring plan needs to include 
baseline studies, the impact area and adjacent areas and include both physical and 
biological monitoring. 
 
11.  George Getsinger asked about the Port Canaveral sand bypassing project and 
how that might affect the Mid-Reach project.  In particular, what are the effects of 
placing a large volume of sand at one time rather than annually?  Jason Engle 
stated that several studies have shown that the volume of sand is appropriate and 
that effects to the Mid-Reach have not been shown.  Since the initial construction of 
the North Reach project, there is plenty of sand to feed the longshore littoral drift, so 
no further impacts should occur.  Kevin Bodge added that monitoring of the fill 
placement from the bypassing project has shown the same annual longshore 
transport regardless of the timing of the bypassing, i.e. the transport volume is the 
same in year one as in year six.  So it appears that there is no effect on the transport 
of sand south by placing a large volume every six years as opposed to a smaller 
volume every year. 
 
12.  It was asked for a briefing on the PALM study.  Karen Holloway-Adkins provided 
the briefing and status.  Three modules were constructed and deployed for the 
purpose of studying recruitment of sabellariid worms and macroalgae on different 
substrates.  Following 44 days in place at 15 foot water depth, one of the modules 
was pulled out of the water on May 5th.  Dr. McCarthy of Jacksonville University is 
still studying the samples and a report has not been compiled yet.  From 
observations, Karen stated that there had been some scour and burial of the 
modules, and that there was good recruitment and diversity of macroalgae.  The 
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bottom line was that both the sabellariid worm and macroalgae were recruiting at the 
deeper depths. 
 
13.  Paul Stodola initiated further discussion into the UMAM calculations.  In 
particular the risk factor has a big impact on the final mitigation ratio and is under 
question.  The Corps of Engineers is presently using 2.0 in its draft UMAM.  Marty 
Seeling said it may be that a factor over 2.0 is appropriate.  His main concerns are 
over structural stability of the mitigation reefs and the appropriateness of the 
mitigation reef design.  It was suggested that some of these concerns may be 
addressed in the monitoring plan.  For example, subsidence or other change in the 
physical size of the mitigation reef is easily monitored and conditions of the permit 
could require more mitigation.  The appropriateness is a more difficult question.  
However, the point was raised that requiring more mitigation of a type that may not 
work is not any better.  The baseline data collection was mentioned again as a 
requirement in determining if the mitigation is working to replace the lost functions or 
not.  FDEP stated they are generally happy with the studies done to date.  All 
available data to date from the Brevard County environmental studies needs to be 
included in the next document.  The monitoring plan needs to include specifics with 
a schedule, cost and parameters to be studied.  It should be multi-season, include 
some species-specific studies, and age and depth related parameters.   
 
14.  George Getsinger asked about the non-structural measures listed in the read-
ahead material and if any of them proved to be a viable alternative to construction.  
The read-ahead contains descriptions of several non-structural measures and 
qualitative evaluations of why each of them do not fully address the problems at the 
Mid-Reach.  No non-structural measures were included in the final array of 
alternatives.  The condemnation and acquisition measure was carried forward to 
identify parcels for acquisition but proved to be an incomplete solution due to the 
high variability of structure age, design, and set-back from the shoreline.  Other 
policy changes are difficult to implement as the Corps does not have jurisdiction and 
local authority is variable, some Brevard County, some City of Satellite Beach, and 
some City of Indian Harbour Beach. 
 
15.  Summing up.  Robbin Trindell and George Getsinger voiced their support.  A lot 
of progress has been made on this project, the alternatives evaluation was very 
thorough, and the team is headed in the right direction.  Ann Marie Lauritsen added 
that the team has shown avoidance and minimization of impacts, acknowledging 
there is still work to be done on the mitigation and monitoring plan.  Marty Seeling 
commended the Corps for the work completed and agreed with Ann Marie on the 
work needed for the mitigation and monitoring plan.  John Milio and Irene Sadowski 
agreed also.  The Corps had invited the agencies to participate in the study as 
“collaborating agencies” and NMFS and USFWS have accepted.  George Getsinger 
and Ann Marie Lauritsen offered to work directly and informally with Paul Stodola to 
help develop the monitoring plan.   
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16.  The next steps for the project were summarized as presentation of the proposed 
plan to Corps headquarters at the AFB meeting in late August or September 
followed by preparation of the draft report.  Brevard County and all the 
environmental resource agencies will be invited to the AFB meeting and 
documentation will be made available.  The purpose of the meeting is to get 
approval of the proposed plan.  It is likely that the monitoring plan will not be 
complete at that time but will be completed prior to the draft report.   
 
17.  The meeting was adjourned at 12:25 pm. 
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       November 26, 2007 
 
Ernest N. Brown, Director 
Natural Resources Management Office 
Brevard County Board of County Commissioners 
2725 Judge Fran Jamieson Way, Bldg. A 
Viera, FL 32940-6605 
 
 UUREQUEST FOR ADDITIONAL INFORMATION (RAI #6)U 

 JCP File Number: 0254479-001-JC, Brevard County  
 Applicant Name: Brevard County Board of County Commissioners 
 Project Name:  Brevard County Mid-Reach Beach Restoration 
 
 
Dear Mr. Brown: 
 
This letter is to acknowledge receipt of additional information, submitted on your behalf by 
Olsen and Associates, Inc., and to inform you that the application for a Joint Coastal Permit 
made pursuant to part IV of Chapter 373, Florida Statutes (F.S.), is still considered by the staff to 
be incomplete.  Receipt of the information requested below is required to complete the 
application.  The items of information are numbered to correspond with the item numbers on the 
application form. 
 
Please be advised that your permit application is considered to be incomplete as provided for by 
Chapter 120.60, Florida Statutes (F.S.), and Rule 62B-49, Florida Administrative Code (F.A.C.). 
Receipt of information requested below is required.  The items of information are numbered to 
correspond with the item numbers on the application form. 
 

When replying to this Request for Additional Information (RAI), please address your response to 
my attention (the undersigned permit processor).  Please keep your RAI response separate from 
Scope of Work (SOW) submittals to the Project Manager in the Bureau's Beach Erosion Control 
Program.  Misdirecting your response or combining your response with SOW matters will delay 
the review of your application.  Please feel free to courtesy copy any other individuals with your 
response, but only responses addressed to the permit processor will be reviewed as part of your 
permit application. 

 
Please submit three (3) hard copies of your response.  Also, please prepare and submit one 
(1) electronic copy of your response (response document text, all attachments, and 
drawings) and submit it on a CD in Adobe Acrobat Reader® (.pdf) format. 
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23. An engineering description of as-built drawings, if available, of any existing 

structures on the site which may be directly or indirectly affected by, or which may 
directly or indirectly affect the proposed activity. 

 
The Department has reviewed the Brevard County Beach Outfalls Removal Feasibility Study 
Report dated October 19, 2007.  Among the feasible options presented in the Report for the 17 
outfalls in the Mid-Reach project area, Option 1 is acceptable to FDEP.   FDOT has already 
retrofitted Outfall #2.  According to the Study Report, Option 1A is the only option feasible for 
Outfall #14. 
 
The beach restoration design dune elevations range from 12.6 feet to 15.0 feet. Berm elevation is 
at 10.6 feet. The design of exfiltration pipe, trench and the new outfall structure with the riser 
(Option 1) will need to consider the post-construction dune and berm elevations at each of the 
outfall locations. 
 
Please provide letters of agreement between the County and those responsible for the 
maintenance of each of the outfalls granting the County permission to modify the design of those 
structures for all 17 outfalls.  The Department acknowledges that the City of Satellite Beach will 
be handling the retrofitting of Outfalls 11, 12, and 13 according to the new conceptual design; 
however, we need assurance that all of the outfalls will be modified and maintained in 
conjunction with this permit.  Please also provide correspondence from the DEP District Office 
regarding any permits or permit modifications that may be required to retrofit stormwater 
outfalls that were originally permitted through that office. 
 
Please note that final plans and specifications including before and after drawings of each of the 
outfalls will be required as a Notice to Proceed Item.  
  
Comments from FWC: 
 
In general, we support decreasing storm water discharge to marine turtle nesting beaches and 
waters of the state.  Any infiltration structures should be designed such that the potential for 
interference with nesting marine turtles or impacts to nests, such as increased water content in 
the incubation substrate, is minimized.  The permittee should ensure that beach areas that will be 
affected by the infiltration system, either through the presence of structures in the nesting beach 
or by changes in water flow and content, should be clearly marked and all nesting or nesting 
attempts in those areas be clearly summarized in the annual reports of marine turtle nesting, 
nesting success, incubation length, and hatch and emergence success.  
 
 
33. Analysis of the expected effect of the proposed activity on the coastal system 

including but not limited to: 
 

“More Protection, Less Process” 
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b. Analysis of the compatibility of the fill material with respect to the native 
sediment in the disposal site.  The analysis should include all relevant 
computations, the overfill ratios, and composite graphs of the grain-size 
distribution of the fill material and the native sediment at the disposal site. 

 
Please revise the Sediment QA/QC Plan to reflect the following comments: 
 
Under the Background – Sediment Borrow Sources section (page 2), there is a typo at the end of 
the paragraph on CS-I.  The last sentence giving the volume says that the volume is for CS-II.  
Please correct this error. 
 
On page 4 in the Table of Sediment Parameters, please change the allowable mean grain size to 
0.25 to 0.45 mm as listed on page 3. 
 
The average carbonate values of the borrow areas is 39%, and the average carbonate content of 
the native beach is 37 to 29%.  Please reduce the maximum carbonate content to 45% (on page 3 
and in the table on page 4). 
 
Under the Project Monitoring and Quality Assurance Section, please remove the portions 
dealing with truck-haul beach fill from an upland source.  Please note that these portions could 
be used to modify the QA/QC plan if an upland source is added at a later date. 
 
 
37. A detailed narrative description of any proposed mitigation plans, including 

purpose, maintenance, monitoring, estimated cost, construction sequence and 
techniques.  

 
The Department has completed a cursory review of the Biological Monitoring Plan.  The 
proposed monitoring is acceptable, although small details may still need to be discussed.  Please 
continue to work with the Department to get this document approved. 
 
 
While it is not considered a completeness item, please address the following concern from 
FWC: 
 
While the overall proportion of shell material in offshore borrow sites may be similar to the 
component measured on a beach face, the composition and reactivity of the material may be very 
different. In addition, shell material may be differentially distributed across a beach, with large 
amounts accumulating in the swash or subtidal portion of the berm.  What is the proportion of 
shell material in the sub aerial portion of the berm? How does the composition and nature of the 
shell material compare between the beach and the borrow site – are both recent shell or is the 
borrow area characterized by relict, and potentially chemically and physically altered, shell? 
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Please be sure to provide any updates or amendments to the Biological Opinions from 
NMFS and FWS reflecting the design modifications to the original permit application. 

 
If the applicant fails to provide all information required to complete the application within six (6) 
months after a request for additional information has been sent, staff will close the permit 
application file after written notice to the applicant, except that a request for an extension of time 
for a period agreeable to the Department, but not to exceed one year, shall be granted upon 
demonstration by the applicant that the delay in completion of the application has been caused by 
matters beyond the control of the applicant.  Application files closed under these procedures 
shall be closed without prejudice and a new application, accompanied by the appropriate fee, 
shall be required to renew the application. 
 
If the processing of the application is prolonged, or if a storm event is known to have altered the 
shoreline such that the staff determines that the topographic and bathymetric survey data is no 
longer adequate to complete its analysis, then an updated survey shall be required as specified in 
Item No. 20 of the JCP application form.  In the event that an updated survey is required, the 
application shall be treated as an amended application. 
 
If I may be of any further assistance, please contact me at the letterhead address (add UUMail 
Station 300U), by e-mail at HTUCaitlin.Lustic@dep.state.fl.usUTH, or by telephone at (850) 413-7766. 
 

Sincerely, 

 
Caitlin Lustic 
Bureau of Beaches and Coastal Systems 

 
cc: 

Virginia Barker, Brevard County    Kevin Bodge, Olsen Associates, Inc. 
Irene Sadowski, USACE, CESAJ-RD-NA-M Osvaldo Rodriguez, USACE, CESAJ-DP-B 
George Getsinger, NOAA/NMFS, Jacksonville Robbin Trindell, FWC, ISMS 
AnnMarie Lauristen, USFWS, St. Petersburg Keith Mille, FWC, MFMS 
Janet Llewellyn, DEP, Director   Michael Sole, DEP, Secretary 
Dave Herbster, DEP, Central District  Michael Barnett, DEP, BBCS-Chief 
Martin Seeling, DEP, BBCS-JCP   Vladimir Kosmynin, DEP, BBCS-JCP 
Robert Brantly, DEP, BBCS-CE   El Kromhout, DEP, BBCS-CE 
Paden Woodruff, DEP, BBCS-BECP  Wagner Yajure, DEP, BBCS-BECP 

 BBCS Permit File 
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CESAJ-PD-PN      16 January 2008 
 
MEMORANDUM FOR THE RECORD 
 
SUBJECT:  Brevard County Shore Protection Project, Mid-Reach Segment, Conference 
Call on Seawall Alternative 
 
Attendees: 
 
Jason Engle   USACE, EN-WC 904-232-2230 
Paul Stodola   USACE, PD-EA 904-232-3271 
Candida Bronson  USACE, PD-PN 904-232-3873 
Osvaldo Rodriguez  USACE, DP-C 904-232-2909 
Bradd Schwichtenberg USACE, PD-PN 904-232-1697 
Eric Bush   USACE, PD-P  904-232-1517 
Kevin Bodge   Olsen Associates 904-387-6114 
Mike McGarry  Brevard County 321-633-2016 
Roxane Dow   Florida DEP 
Marty Seeling   Florida DEP 
Paden Woodruff  Florida DEP 
Gene Chalecki   Florida DEP 
Guy Weeks   Florida DEP 
Steve MacLeod  Florida DEP 
Jeff Groska   HQUSACE  202-761-4700 
Lee Ware   HQUSACE  202-761-0523 
 
 
1.  The subject conference call was held on December 17, 2007.  Reference 
documentation titled “Issue Paper on Seawall Alternative” dated December 7, 2007 was 
distributed by email beforehand.  The purpose of the meeting was to discuss an HQ 
USACE request to reconsider a seawall to be included in alternative plans for the Brevard 
County Mid-Reach project including a 4.1 mile long seawall along a portion of the study 
area.   
 
2.  It was confirmed by the Florida Department of Environmental Protection (FDEP), 
Bureau of Beaches and Coastal Systems staff that Florida statutes restrict the use of 
coastal armoring (e.g., seawalls) and that these statutes are included in Florida’s Coastal 
Zone Management Plan.  The statutes allow construction of armoring for structures that 
are vulnerable to damage from frequent coastal storms.  The alternative of 4.1 miles of 
seawall does not meet the requirements of the statute and would be inconsistent.  It was 
stated that this determination is made from a Florida statute with 35 years of history, not 
an agency rule, so is not eligible for a permit variance.   
 
3.  Discussion continued on the use of the seawall in the shorter reach 5A which includes 
two segments of seawall, together equaling 3300 feet in length, to protect the most 
vulnerable structures.  It was stated that this alternative is contrary to FDEP policy and 
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would also be determined inconsistent.  FDEP has strived to eliminate hard structures in 
favor of beach nourishment due to adverse impacts to adjacent properties and the 
environment.  The Florida statutes allow armoring as a last resort for vulnerable 
structures but armoring is not viewed as an acceptable solution for longterm beach 
management.  FDEP will not support additional armoring in Florida.  Therefore, it is 
expected that the alternative for seawall construction in reach 5A would be inconsistent 
with the Florida statute. 
 
4.  It was agreed by all parties that it would be appropriate to screen out the seawall 
alternative in all portions of the study area based on the inconsistency determination from 
FDEP.  HQUSACE recommended that the draft report include a clear explanation of why 
the alternative was screened out, including reference to the Florida statutes.  Jacksonville 
District will coordinate a draft write-up of the screening section with FDEP and 
HQUSACE before completion of the draft report. 
 
5.  Other remaining items to complete the draft report were discussed.  HQUSACE is still 
unclear about the National Economic Development (NED) plan which determines 
Federal participation.  It was agreed that Jacksonville District will revisit the alternative 
screening and selection to remove the seawalls and verify the NED plan.  Another 
remaining item from the Alternative Formulation Briefing meeting was the cost 
effectiveness and incremental cost analysis for the mitigation plan.  Jacksonville District 
is in the process of completing this work and plans to coordinate that information prior to 
the draft report. 
 
6.  Jacksonville District will coordinate an In Progress Review (IPR) meeting by 
conference call to close-out discussion on the remaining items prior to completing the 
draft report.  The remaining items to be discussed at the meeting will include the 
justification write-up to remove the seawall alternative, the determination of the NED 
plan, and the cost effectiveness and incremental cost analysis of the mitigation plan.  
Participants should include Jacksonville District, South Atlantic Division, HQUSACE, 
Brevard County and consultants, Florida Department of Environmental Protection, 
Florida Fish and Wildlife Conservation Commission, US Fish and Wildlife Service, and 
National Marine Fisheries Service.  It is anticipated that this meeting will be held in late 
January or early February. 
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Paul Stodola 

Satellite Beach, FL 32937 
sebastianinlet@surfrider.org 

Jacksonvi lle Dist rict 
Army Corps of Engineers 
PO Box4970 
Jacksonville, FL 32232 

Dear Mr. Stodola, 

March 5, 2010 

The Surfrider Foundation Sebastian Inlet Chapter, a non-profit grassroots organization dedicated to the 

protection and preservation of our world's oceans, waves and beaches, is writing to you regarding the 

proposed next steps for the Brevard County Mid Reach Dredge and Fill Project. The General Re

evaluation Report (GRR) on the Environmental Impact Statement (EIS) submitted to the public in 

October 2009 has left serious doubts on the unlikely success of the project. First, the local stakeholders 

have had almost no chance for input in this project and have the most to lose in economic and 

recreational benefits. Second, the project actually hurts the local and state economy, while destroying 

Federally protected Habitat of Pa rt icu lar Concern. Third, the mitigation offered is not kind-for-kind and 

may be ineffect ive at prevent ing the deaths of endangered species of fish, birds, worm reef, and sea 

turtles. And most importantly, t he project is a colossal waste of t axpayer dollars and may even prove 

dangerous to human lives by neck injuries and/or drowning. 

Stakeholders left out of process, and have the most to lose 

Beginning in September of 2005, the Surfrider Foundation Sebastian Inlet Chapter was made 

aware that the ACOE wanted to initiate a 50-year project to bury the nearshore reef in the area of the 

Mid reach. As a local environmental group made up of surfers, fishermen, divers, and beachgoers, we 

our members of the process taking place and asked them to attend meetings and send in comments. 

While attending the one public hearing at Satellite Beach High School, and listening to a 15 minute visual 

presentation by the ACOE and condo associations, we had only three minutes for public comment with 

no permission to present photos that would help explain our concerns and position. After the meeting, 

we were asked to attend two meetings with the Brevard County' s Natural Resource Management 

(BNRM) office. At those meetings, we voiced our concerns about how the dredge and fill would damage 

the reefs and destroy natural habitat and surf breaks. In July 2006 the Chapter received an email of a 

copy of the DEP's letter to the County saying their project permit was denied. 

Since that date, there has been no attempt to contact our group, nor t he individuals present at the 2005 

public hearing. We wrote our email and physical addresses down, and yet not one person was ever 



asked to give input on the changes to the proposed dredge and fill project. (Appendix 1- p. 685-686) As 

well known stakeholder, it was extremely disappointing that the organization was not well informed 

about the 'public workshop' on February lOth, 2010. Not one piece of correspondence was shared 

outside of the BNRM office. Our members have lived on, surfed and swam in that section of beach for 

decades, and we had no voice to give our opinions on the destructive effects of the project. Also, to our 

knowledge not one local fisherman or diver was interviewed to ask for his/her input. We are the 

taxpayers that have the most to lose- our quality of life, our public beach, our shared coastal ecosystem. 

At the public 'workshop' on February lOth at the Radisson Hotel, not one stakeholder was allowed to 

publically express their opinion to the entire group. Instead we were forced to shout our questions in 

small groups, where we could not even hear the responses given. The ACOE ran out of comment cards, 

and the room was nearly empty ten minutes after the ACOE's 15 minute presentation. The idea that 

verbal comments heard by the ACOE would be received as public input was a farce. Not one engineer 

had a notepad to record comments and there was no video and audio recording. Also, six days before 

the workshop Greg Gordon emailed Paul Stodola of the ACOE, asking for a copy of the presentation 

through a Freedom of Information Act request, and was denied. At the workshop I was told that the 

presentation wasn't prepared more than 24 hours before the workshop. However there were 

professionally printed display boards and hundreds of copies made of the same presentation Greg 

requested. 

The project hurts the local economy and destroys natural habitat 

The ACOE used an economic model to determine the cost benefit ratio of this project. However, 

the formula is severely flawed and does not even take into account the effects on the local economy. It 

does not include the beach time lost for the months that the dredge and fill project take project, nor the 

continual maintenance of the project. Then it projects recreational benefits based on the area of sand 

where people can sit on the beach. That assumption is flawed since there is limited parking in Satellite 

Beach and so there is a maximum capacity reached, not a step increase as shown in the ACOE charts. 

The other estimate of benefits is the amount of damages avoided to coastal structures by placing the 

sand on the beach. The values placed on structures are from 2008, and since then the value has dropped 

in some cases as much as 20%. And after studying 33 years of data, it was shown that the beach is 

eroding only 2.4 inches per year, and during many periods accreted sand. From the GRR report Appendix 

p.15: 

"Over the project as an average the MHW line advanced an average of 0.3 feet per year, 1972-
1986; retreated 1.0 feet per year, 1986-1997; advanced 1.6 feet per year, 1997-2002; and 
receded 2.3 feet per yea r, 2002-2005. Despite the fairly large fluctuation in shoreline position in 
the short-term, the MHWL was relatively stable at- 0.2 feet per year, 1972-2005." 

And from the GRR report Appendix p. 26: 

"These data suggest that the region experiences temporally and spatially variable volume losses, 
due to isolated storm events or abnormally severe storm seasons, but that these episodic losses 
are offset by recovery as the beach regains an equilibrium condition. The relatively moderate 
long-term volume losses in the mid reach suggest that there are background erosional forces 
that are independent of the large storms that impact the area." 



Surprisingly, the report states that if the beach were to continue to erode and more hardbottom 

exposed, it may lead to equilibrium where erosion stops. 

The point is that the beach berm is okay, but it's the dune that is eroding and that will eventually lead to 

damages of coastal structures. The ironic part is that it is the coastal structures that are causing the 

dune erosion in the first place! 

From the GRR report Appendix p.lS: 

"The mild but consistent recession of the shoreline appears to have 'pinched' the dune between 
the active beach system and upland development; i .e. there is no sand source to replenish the 
dune from the lam.lwartl ~itle Lo replace the volume lost on the seaward side as waves attack the 
dune during storms. The dune system is not able to migrate landward as the rest of the beach 
recedes due to the presence of development and infrastructure; thus, the dune steadily loses 
volume. This apparent lack of a dune-rebuilding mechanism results in long term erosion of the 
bluff that is significantly higher than the MHW shoreline erosion rate. Many locations along the 
project area have little or no dune/bluff left to provide protection during storms." 

Meanwhile there were no studies done on the economic benefits of surfing and/or near shore fishing. 

While the ACOE is trying to make sure that the project has a maximum economic benefit, its destroying 

fish habitat and surf breaks that will reduce the benefit of the beach. Here is a partial list of Surf Shops 

and surfboard makers located in central Brevard County. Each shop has employees that contribute to 

the local economy and customers that surf the reefs that would be buried by the ACOE project: 

Cape Surf, AlA Surf Shop, Ron Jons Surf Shop, Cocoa Beach Surf Company, Cocoa Beach Surf and 

Skate, Quiet Flight Surf Shop, Bilt Surf Shop, Ocean Sports World, Neilson Surf Shop, MTB (two 

stores in Satellite and IHB), Balsa Bills, Spectrum Surf Shop, Catalyst Surf Shop, Surf Gallery, and 

Longboard House. Surfboard shapers in Brevard include Bill Johnson, Rich Price, Tom Neilson, 

Ricky Carroll, Bi ll Yerkes, Claude Codgen, Chris Birch, Bruce Ragan, Matt Kechele, Brian Tudor, 

Greg Loehr, Bill Eberwine, Richie Buell, and George Robinson. Some of these shapers and 

businesses have been here for over 40 years and all make their living partly from the reefs that 

are surfed during every swell. Three of the best surfers in the world came from Brevard County, 

Kelly Slater, and CJ Hobgood and Damien Hobgood, and they learned to surf reef breaks in 

Satellite and Indian Harbor Beach. Plus dozens of others from central Brevard have made 

careers from surfing professionally. And hundreds of kids compete in locally organized contests 

every month on the beaches and reefs that the ACOE wants to destroy. 

One recent survey conducted in 2009 concluded that surfers contribute $21 million annually to the 

economy. And not a penny was factored into the cost benefit analysis by the ACOE. And the economic 

benefits that come from residents and tourists who come to fish near the reefs also have not been 

factored in. And finally, the costs associated with the project do not factor in the increased cost of 

finding beach compatible sand, nor increased gas costs, nor increased costs in seafood prices due to lost 

fish habitat. 

Even though the GRR is 270 pages and the Appendix is over 1000 pages, there is not any proof 

that the juvenile fish that thrive in the nearshore reef habitat would survive the dredge and fill process 

or the migration to the mitigation rocks placed 1000 feet offshore. What is a glaring omission is that the 



ACOE did not even use the term 'reef' in any of its displays in the recent public workshop. But it is a reef, 

from page 62 of the GRR: 

"Despite this physically demanding environment, several sessile organisms are well adapted to 
the prevail ing conditions and often cover high portions of the exposed rock. One such organism 
is the sabellarid polychaete Phragmatopoma /apidosa, which forms large gregarious colonies 
commonly referred to as wormreefs (Kirtley and Tanner, 1968; McCarthy., 2001). The wormreef 
colonies are composed of sand grains cemented together to form rugose structures that add 
relief and structural complexity to existing natural and artificial hard bottom. The growth of 
wormreef is dependent on a combination of available hard substrate, wave energy, sediment 
availabili ty, and larval supply (McCarthy eta/., 2003}. Wormreefs south of Cape Canaveral 
have been designated as EFH by the SAFMC {1998}. In addition to fish species, worm reef 
supports associated assemblages of organisms such as decapod crustaceans (Gore et al., 1978). 
Soft bottom species such as kingfish and sand drum feed extensively on infaunal invertebrates. 
In the surf zone, mole crab (Emerita talpoida) and beach clam (Donax sp.) are key invertebrate 
prey species." 

The Florida Fish and Wildlife Service also share the concern about other endangered species threatened 
by this project. "The currently proposed project may affect the threatened loggerhead (Caretta 
caretta}, the endangered green (Chelonia mydas), the endangered leatherback (Dermochelys coriacea), 
the endangered hawksbill (Eretmochelys imbricata) and the endangered Kemp's ridley (Lepidochelys 
kempii) sea turtles. It may also interrupt the wintering piping plover {Charadrius me/odus) and nesting 
shorebirds including the Wilson's plover {Charadrius wi/sonia). The sand overburdens will bury 
numerous species of burrowing invertebrates that support the beach structure and ecological funct ion. 
The project w ill cause the morta lity, through burial, of many nearshore sessile and some motile aquatic 
species. The habitat and function provided by the buried nearshore hard bottom will be lost. The total 
direct impacts which include vertical relief, underside of ledges and interstitial spaces is not known. The 
future maintenance of this beach will require routine sand nourishment and repeated burials of this 
area preclude long term recovery." 

And in the GRR report page 177: "Burial of hard bottom habitat results in the burial of attached 
macroa lgae, the predominant food resource for juvenile green turtles in the Mid-Reach. Hard bottom 
acreage and relief will be reduced in the intertidal areas of Reaches 1 through 5 (Reaches 1 through 5 in 
NED alternative). Additionally this burial removes the shelter once provided by the hard bottom 
outcrops." 

The mitigation reef is unproven and may not be effective 

So in response to this destruction of the 7.8 miles of our coastline including an estimated 3.0 
acres of nearshore reef, that support hundreds of species and also provide recreation in the form of 
surfing and near shore fishing, the ACOE proposes an offshore mitigation of 4.5 acres of limestone and 
coquina rock to be dropped in 16 feet of water 1000 feet offshore . When asked if the reef was going to 
go in before the dredge and fill project or after, the engineers interviewed had no answer. So how 
effective will this mitigation rock patch be? 

First, the biologists interviewed at the public workshop have no conclusions and cannot guarantee that 

the juvenile fish that use the nearshore reef as protection and older fish use as a hatchery, designated 

Essential Fish Habitat by the South Atlantic Fisheries Management Council (SAFMC), would survive 

either the dredge and fill process, or the movement to the mitigation rock patch. They cannot prove nor 

guarantee that the juvenile sea turtles, a Federally listed endangered species, would survive during the 



dredge and fill process, and cannot determine if smaller turtles would survive farther offshore. The 

studies they did concluded that smaller juvenile turtles may not survive due to less protection from 

larger predators. There was no explanation on how the loss of food sources (the sa rgassum mats where 

turtles feed off the insects} would affect their survival. 

There have been no studies completed to determine if the burial of the crabs, sands fleas, and other 

invertebrates would affect the migration of birds that commonly land on the near shore reef and 

beaches to find food. How can a patch of rocks placed 1000 feet offshore be a mitigation habitat for 

birds that feed off the invertebrates that live on the near shore reef that is exposed at low t ides? How 

do the invertebrates ever recover when they are buried on average every three years by repeat burials? 

Besides the turtles, fish, bi rds, and invertebrates, the dredge and fill project will bury 3 acres of reef. 
This reef grows and thrives in the near shore, where the waves break (see above for description). There 
are no conclusive long-term studies showing how w ell the worm reef will grow on the limestone in deep 
water with no wave action. The study included in the GRR- APPENDIX SEIS-D stated that there was 
short-term growth, but over the long term, the test site was buried by sedimentation, which led a very 
low count of worm reef growth(< 5%}. It actually summarized the worms needed turbidity in order to 
help build colonies. 

And from the recreational standpoint, the mitigation rocks do NOTHING to replace the loss of the 

recreational benefits of the nearshore reef. Here is a partia l list of surf breaks lost: Hightower, RC's, 

Grant Ave., Park Ave., Buccaneers, Millenium, Bicentennial, Canova, Radisson, Sea Park, Radisson, 

DeSoto, Peglegs, Ba lsa Bills, Mark Realty, Pet Den, Pelican Park, and Howard Futch Paradise Beach Park. 

And from a fishing standpoint, not only would the dredged material bury and kill off the sand fleas used 

for bait for at least 1-2 years (if they recover at all), the nearshore reef that the fish use as a hatchery 

would be lost, and the mitigation rocks are too far out to cast to. 

The project is a waste of money. may not be effective. and may even prove dangerous to human lives 

The most important reason why this project should not be allowed to move forward is due the 

lack of studies to determine the effectiveness of the project. There were no studies completed to 

determine the erosion from outfall pipes, nor effects on the outfall pipes on the dredged sand to be put 

over them. There was no application of results from previous sand movement on North or South 

reaches when determining movement of sand to be dredged and placed on the Mid reach. There were 

no studies completed to determine the amount of time that the fill takes to reach its optimal profile. 

The model used to determine how the sand would move littorally is also flawed. From the lawsuit filed 

in the Town of Palm Beach against the Reach 8 Project, Judge Meale concluded on page 127: "CPEs 

reliance on GENESIS was an embarrassment, and its predicted limits of longshore transport were 

worthless. Frankly, the main effect of GENESIS in this case is to cast doubt on CPEs other assurances 

concerning the performance of this project." This same software was used to gauge the effect of 

longshore transport of sand for the Midreach project. 

At a Surfrider Chapter meeting held in early February 2010, several participants voiced their concern 

that the dredge and fill project not only destroyed the surf breaks, but also created life threatening long 

shore currents. The toe of the dredged beach in the North Reach was altered after Hurricanes Frances 

and Jeanne in 2005, and created a drop off at lower tides, where in a span of ten feet the depth changed 

from 1 foot to 7 feet deep. This led to a increase in lifeguard rescues and unfortunate drownings. The 



response from the ACOE was, "Where are the studies to prove this?" My question to them is

"Shouldn't the ACOE do the study before the project starts to predict how the bottom contour changes 

after strong storms in order to prevent drownings?" Why do they take this risk when human lives are at 

stake, not to mention the loss of tourism revenue once visitors hear about someone who drowned? 

The only part of the proposal that makes any sense from an economic or environmental standpoint is 

the beach fill to be placed on the Mid reach . Not only does it help support the dune recovery, but it 

causes the least damage to the nearshore reef, does not affect the surfing or fishing conditions, and is 

the least expensive while providing the ultimate goal of protecting coastal structures. 

Otherwise, the ACOE is asking the taxpayers to spend $150 million on sand that is expected to wash 

right back into to the ocean. They want to initially dredge and place 573,000 cubic yards of sand along 

7.8 miles of coastline. Meanwhile, they have no conclusive answers on how long that sand will stay in 

one place, nor do they know if they will have funding in the future for emergency reconstruction of lost 

beach due to hurricanes and storms. Since the beginning, this project has not been allowed to move 

forward because everyone knew if would bury reef and destroy federally protected sea turtle, fish, and 

bird habitat. The ACOE claims that only 3 acres of reef and rock hardbottom would be destroyed, but 

have no evidence to prove that more would not be covered, especially after any significant storm event. 

So why waste taxpayer dol lars on a project that may not even be effective in protecting coastal 

structures and destroys the only reef in Brevard County? Please make the right decision and halt this 

project until studies prove that the sand won't bury more reef and destroy even more of the coastal 

ecosystem, that the mitigation will be effective, and that this project does not endanger people's lives. 

Please confirm that you received this letter, it has been included in the public record, and our wish to 

have a true public hearing. 

Sincerely, 

Sebastian Inlet Chapter Executive Committee 
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Stodola, Paul E SAJ 

From: 
Sent: 
To: 
Cc: 
Subject: 

mike@coilsurf.com 
Wednesday, March 10, 2010 4:05PM 
Stodola, Paul E SAJ 
jglisch@floridatoday.com; insight@orlandosentinel.com 
mid reach comments 

To whom it may concern) regarding the Brevard Mid-Reach beach <JrenourishmentJJ project. 

I am opposed to this project for many reasons) 

Florida has a vehicle license plate that saysJ <JProtect Our ReefsJJ . Apparently) it should 
read <JProtect Our CondosJJJ as that is what this is all about; placing a higher value on 
structures (that are knowingly built in the most vulnerable location possible) than our 
natural beaches and in this case a reef that is a federally designated <JEssential Fish 
HabitatJJ. It is interesting to read through the CorpJs literature on this project and note 
that this reef is ALWAYS referenced as <JrocksJJJ <Jrock outcroppingsJ JJ or such; the word 
< J reefJJ is carefully avoided. mJReefJ J is only applied to the artificial structure that is a 
feeble (and likely to fail) attempt to mitigate the damage this project will inflict on the 
natural REEF. This whole semantics game is laughably transparent) invented by the <Jsave Our 
SeashoresJJ condo ownersJ and perpetuated by the ACEJ Florida Today newspaper) et al . 

I have lived around this reef for all of my adult lifeJ since 1973 . I have surfed on itJ 
fished in itJ and snorkeled around it thousands of times. I have marveled at the diversity of 
life it supports) every thing from Moray eels to stone crabs. I have swam over a ledge into a 
6 foot deep hole and seen more species of fish than I could countJ all stacked up in one 
spot . I have watched green turtles work their way along the reefJ popping up for air right 
next to me as I sit on my surfboard. I have watched countless children ) some now grown into 
adul tsJ play in t he tide pools of t he reefJ marvel i ng at the life around them. Anglers have 
long known that this area offers some of the best surf fishing in the stateJ perhaps some of 
the best in the world. The reef is a treasure that makes our little stretch of coast uniqueJ 
yet itJs viewed by some as an annoyance . Hence the concerted effort to make i t into 
<JrocksJJJ not <JreefJJ. A ~eef might have some valueJ <JrocksJJ most certainly do not_ . 

The Corps states in its own literature that the <JgoalJJ of the project is to <JReduce 
damages caused by erosion and coastal storms to shorefront structures along the Mid-Reach 
coastal area in Brevard CountyJJ. The Corps also states in another report that the 
overdevelopment of the shoreline) placing structures IN the dune systemJ has jeopardized the 
beaches ability to naturally replenish themselves . The developers who build these structures 
know thisJ where is their responsibility? 
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It is also noted by the Corps that the nearshore reef stabilizes the beaches in the area. Our 
barrier island has a limestone structure with a veneer of sand. 

The economic model used to justify this project is based on assumptions which are based on 
assumptions based on other assumptions. The $10,435,600/year figure that represents the 
''annual storm damage reduction benefits'' is the preponderance of the ''benefits'', although 
it's based on a 50 year projection of damages that MIGHT be incurred with this project in 
place versus a 50 year projection of damages of damages that MIGHT be incurred without the 
project. This involves assumptions regarding future development, real estate markets, the 
general economy, coastal zoning and planning, storm events, and on and on. Beach 
''renourishment'' projects don't do anything to raise the level of the buildings or lower the 
sea level, which are the only certain ways to minimize damage from storm surge, These small
scale ''renourishments'' are only ''bandaids'' that will be gone in the first hours of a 
significant storm event. In other words, damage in a major storm will not be minimized by 
this project. Trying to predict a differential damage report on unknown future events and 
then annualizing it back to present day dollars to help produce a 2.9 to 1 cost/benefit ratio 
is not science, it's justification. 

While the ''benefits'' of this project are both dubious and uncertain, the cost IS known and 
certain (if it comes in on budget). In the current budget environment of Federal, State, and 
Local governments, spending our tax dollars repeatedly so we can watch the ocean reclaim them 
defies logic. This doesn't have to be projected out 50 years or assume the magnitude of some 
future storm, these are dollars that are required from our CURRENT and future budgets. This 
is money we don't have . At the Federal level, they're all earmarks on legislative actions. At 
the state level, ''beach renourishment'' has been institutionalized by powerful lobbyists 
(they also work at the Federal level) for the dredge and coastal ''engineering'' companies. 
At the local level, our money that could be used for roads or schools or law enforcement is 
cannibalized because people who chose to buy or build structures on the edge of the ocean are 
unhappy with the behavior of the ocean . The county has gone as far as to dedicate tourist tax 
money, by law, to this folly. This tourist tax money could be used for other purposes. County 
commissioners can now hide behind this statute in defense of wasting tax dollars. 

The consequences of overdeveloping shorelines have been known for decades. The ''solution'' 
of beach ''renourishment'' is destroying Florida's natural beaches, replacing the naturally 
occurring sand with poor substitutes. It does, however, create a nice flow of tax dollars 
into a lot of pockets. Some day we will realize that this policy has been a waste of tax 
dollars, ineffective, and an environmental nightmare. 

In summary, I oppose this project because: 
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1) The ACE admits that it will have detrimental effects on a valuable and federa l ly 
protected reef. 

2) The models used to justify this project are flawed. 

3) The cost of this project (and others) is indefensible in today's economic and budget 
climate. 

Sincerely, 

Mike Daniel 

2140 N. Shannon Av. 

Indialantic, FL 32903 

321 431 6973 

mike@coilsurf.com 
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Stodola, Paul E SAJ 

From: 
Sent: 
To: 
Subject: 
Attachments: 

Peter Stebbins [Peter.Stebbins@kaseya.com] 
Monday, March 08, 2010 10:51 AM 
Stodola, Paul E SAJ 
Stop wasting my tax dollars on eroding beaches due to oceanfront condos and homes 
image001.png 

Attention politicians, 

Stop wasting my tax dollars on eroding beaches due to oceanfront condos and homes. You 
always make a big risk buying a home right on the water due to hurricanes, naturally eroding 
beaches and eroding beaches due to ruining the natural coastline building improper sea walls. 
Do not waste my tax dollars and ruin the natural reefs to save some rich homes and condos 
located poorly and built incorrectly. 

I will inform every friend of mine via social media of this joke we call government wasted 
money. 

All the best, 

Peter Stebbins 
Kaseya Account Manager 
cid:3347948763 38158992 
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Stodola, Paul E SAJ 

From: 
Sent: 
To: 
Subject: 

David Shedrow [DavidShedrow@cfl.rr.com] 
Saturday, February 13, 2010 3:52 PM 
Stodola, Paul E SAJ 
Beach Restoration - Mid-Reach 

Beach nourishment provides a host of economic or community benefits including 

Increased storm protection benefits 

Increased recreational benefits 

Increased business and tax revenues 

Enhanced property values 

Increased property tax revenues 

Job creation 

Environmental benefits 

Aesthetic benefits 

A study undertaken in Del aware evaluated the economic impacts of an ongoing five-year beach 
maintenance program (Jack Faucett Associates) March 1998). The study took as its baseline the 
existing maintained project condition and estimated the economic losses that would result 
should the State of Delaware cease placement of beach sand and permit the shoreline to return 
to its previously eroding condition (erosion rates ranging from two to four feet per year). 
The study concluded thatJ while the State of Delaware wou l d save $9 million dollars in beach 
nourishment costs over the five-year evaluation period) tourist related revenues would drop 
by more than $30.2 million) resulting in 625 jobs lost in the beach areaJ reduced wages and 
salaries of $11.5 million) profit reductions of $1.6 million) and $2.3 million in lost state 
and local revenues. It was also estimated that beach area properties would lose nearly $43 . 3 
million in value. Brevard County) Fl orida will incur similar losses without i f the proposed 
legislation fails to pass. 

All sea turtle species are currently listed as "endangered'' by the United States Fish and 
Wildlife Service with the exception of the Loggerhead sea turtle which is listed as 
"threatened". Brevard County's beaches are the largest nesting site in the western hemisphere 
for loggerhead sea turtles) with over 20)000 nests per year. Approximately ha l f of all green 
sea turtle nests in the United States are found along Brevard County's beaches. Leatherbacks 
lay the fewest of nests of the three species) but the number has increased in recent yea r s. 
Two of the species found in Florida's waters can also be found in the Indian River Lagoon. 
Juvenile greens feed on the sea brass beds and macroalgae while juvenile loggerheads feed on 
crustaceans found in the shallow waters of the lagoon. The creation of a wideJ sandy beach 
may enhance or create sea turtle nesting habitat) improve foraging and nesting habitat for 
shore birds) and create and/or prot ect habitat for shorel ine vegetation. Passage of this 
legislation will help protect the aendangeredJJ and athreatenedJJ sea turtle species. 



As you know, our beaches are our livelihoods and a major tax revenue source for the federal 
government. We cannot afford to allow our beaches to become unhealthy and unattractive 
places for tourists and residents to visit. 

I believe this a worthwhile project and urge that you move forward with it as quick l y as 
possible. 

David Shedrow 

2835 N. HWY. AlA Apt. 804 

Indialantic, FL 32903 
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Stodola, Paul E SAJ 

From: 
Sent: 
To: 
Subject: 
Attachments : 

Hello "' 

Mike Everett [321finance@gmail.com] 
Tuesday, March 09, 20101:15 PM 
Stodola, Paul E SAJ 
Please reconsider the mid-reach project! 
Mikes 1.jpg 

My name is Mike Everett and I am a Satellite Beach resident and frequent user of the beach 
known as Bucaneer Beach or "The Buc", located at Grant Avenue. 

In the 8 years that I have lived here, I have noticed that the erosion is indeed getting 
worse, but that the efforts to halt it are exteremely ineffective . I have seen a LOT of sand 
brought in from other areas at considerable time, inconvenience and expense, only to wash 
away after one or two storms! 

I am against this project for two reasons: 

1.) There has to be a better way! Sand naturally redistributes according to swells and 
currents, and for some reason it doesn't seem to want to stay here! A reef of some sort would 
be a much better solution, in my honest opinion. 

2.) The rock reef that currently exists is a vital ecosystem to a lot of fish and sea 
turtles. I surf here regularl y, and believe me! There is a LOT of marine life active in these 
waters. Additionally, and most importantly to me, is that the recreational activities such as 
surfing and fishing would be immediately and perhaps irrepairabl y crushed by all of this 
dredging . 

We've seen it all before - there is a bunch of activity, putting the new sand where it's 
supposed to be. One or two storms come in and wash it all away. It's pointless and senseless. 

I would very much like to see the erosion halted, but I do feel very strongly that this is 
not the way! Thank you for your time. 

Kindly, 

Michael J. Everett 
Professional Mortgage Financing 
Morgan Financial 

321.757.3570 tel. 
321.757.9730 fax 

http://www.morganfinancial.net/StaffProfiles.aspx?ID=546813 
<http: //www .morganfinancial.net/StaffProfiles.aspx? ID=546813> 



Stodola, Paul E SAJ 

From: 
Sent: 
To: 
Cc: 

Subject: 

John Mark Johnson Omj32937a@gmail.com] 
Tuesday, March 09,201011:07 PM 
Stodola, Paul E SAJ 
ernest.brown@brevardcounty.us; posey.bill.web@flsenate.gov; 
01 .Commissioner@brevardcounty.us; chuck.nelson@brevardcounty.us; 
03. Commissioner@brevardcounty. us; 04. Commissioner@brevardcounty. us; 
05. Commissioner@brevardcounty. us; john. tobia@myfloridahouse.gov 
Brevard County, FL Mid-reach: Project Comments 

To the Army Corps of Engineers and our elected officials, 

Thank you for soliciting citizen input on this project . 

To make a long story short, the project plan can and should be optimized and re-phased before 
approval and commencement; 

IT SHOULD NOT BE APPROVED OR FUNDED IN ITS CURRENT FORM . 

The main concern is that is actually puts at risk that which makes the mid-reach beaches most 
valuable . (Hint, it's not the condominiums!) 

If continued at all, the project should begin with: 

1 ) Build the mitigation reefs FIRST, and test their effectiveness over a period of 3-5 years, 
BEFORE destroying the natural near-shore reefs. 

a) If the mitigation reefs do not succeed at attracting and supporting marine life , you will 
have discovered that before destroying natural the one that does. 

b) The artificial, offshore, mitigation reefs may also help reduce beach/dune erosion. 
Although this is not their int ent, building ONLY the mitigation reefs first means only one 
experimental variable affects the outcome, and conclusions from such an experiment will be 
indisputable. 

c) If the artificial reef does prevent erosion, it will lessen the need to put expensive, 
rapidly-disappearing, non -native sand on the beach and over the turtle nesting areas . 

2) If t he artificial reefs do succeed in attracting/supporting endangered marine life but do 
not reduce erosion, then consider dune restoration ONLY as a next step. 

a) DO NOT BURY t he natural reefs yet . Dune-only restoration would include planting additional 
sea oats and other native vegetation, as well as adding sand. It has been discovered that 
much of the vegetation can be planted deeper into the dune sand than is commonly done, and 
deeper root systems contribute to stability of the dune . 

b) Adding sand only to the dunes will allow several more years for the artificial/mitigation 
r eef t o be monitored; erri ng on the conservative side (financially as well as scientifically 
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and environmentally) before destroying the precious reef system and life/economy that depends 
on it is prudent . 

3) CONSIDER BUYING UP THE OCEANFRONT PROPERTY BEFORE DESTROYING THE REEF. 

3a) As an order of magnitude guess, 1000 oceanfront residences in this mid-reach area at 
$300,000 each would represent $300M in val ue. Purchasing the properties at that price would 
offer 100% assurance of protecting residents from property loss, whereas $150M of pumped is a 
known large cost with a lesser probability of success and a high likelihood of needing 
eternal continuation (and spending) . 

3b) The structures could remain, and even remain owner-occupied, or could revert to municipal 
ownership and used for public recreational purposes as long as they remain safe, with the 
understanding that at some point they will likely be undermined, and the federal government 
will not contribute to reef destruction or fund further armoring efforts. 

This would, in effect, be like a federal insurance policy that benefits the public at large, 
including (but not only) oceanfront residents . Continued occupation of the properties could 
preserve city/county tax revenues until the structures are undermined. Or, joint 
federal/municipal ownership (voluntary, not via eminent domain) could be undertaken in a 
recreational manner that generates revenues the cities/county can use to offset expected 
futu re revenue reductions and cleanup costs when the structures are finally undermined. 

SUMMARY: 

The overall environment (reef, marine l ife, fishing, and wave quality for surfing) is as 
important as (if not more important t han) mere square f ootage of sand . 

- The effect s of the current plan are not well studied; 

-- The ACOE track record of preserving fishing habitats and surfing wave quality is not a 
spectacular one; 

-- The costs of undertaking the current proposal commit a lot of funds with little 
expectation of real benefit, when other more cost-effective and scientifically prudent 
alternatives exist. 

The pure-tourism economic angle, based on square feet of sand available for sunbathing, does 
not accurately reflect the nature of beach usage in this area. 

As documented in a l etter to the ACOE by the Sebast ian Inlet chapter of Surfrider Foundation 
(http://www.surfrider.org/sebastianinlet /docs/dredge/ACOE-MidReach-comments-Surfrider . pdf), 
cites a 2009 survey estimating that surfers contribute $21M to the local economy, and this 
was not fac t ored into the ACOE cost/benefit study. 

Due to limited parking, limited beach access, and limited hotels, the mid-reach area is not a 
tourist dest inat ion like Cocoa Beach, Daytona Beach, or South Florida, and has no intention 
of becoming one (per the city comprehensive plans). 
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.. 
Tourism and large crowds are limited primarily to holiday weekends and stretches of summer 
when southeast seabreezes tend to restore the beach sand naturally for sunbathers. 

The cold spring/winter months and fall hurricane season are prime times for surfing and 
fishing, and during those times, you're likely to find more surfers in the water and more 
fishermen than traditional sunbathers on the beach. 

The reefs on these ENE-facing beaches magnify large swells sent this way from northeast 
storms during fall and winter, generating some of the best warm-water waves on US main land, 
drawing surfers from all over the east coast, both for recreational events and nationally 
sanctioned competition. 

Also, the City of Satellite Beach, to its credit, has recognized the combined potential 
threats of sea-level rise, unavoidable erosion, and catastrophic storm events. As a result, 
committees have begun considering long-term comprehensive plan options which will preserve 
the city's viability and livability even if these render the oceanfront itself unfit for 
permanent occupancy. While only in the "under study" phase, I am pleased to live in a 
conservatively-prudent, progressive-thinking city that views the situation realistically. 

It is my oplnlon, belief, and recommendation as an engineer, 20-year resident of Satellite 
Beach, and 45-year resident of Brevard County who could work anywhere but has chosen to raise 
my family in this area because of its beaches, that the ACOE only proceed and the government 
only fund the cost-effective, environmentally-conscious, scientifically documentable steps 
outl ined above. 

Thank you very much for your consideration. 

Mark Johnson 
Satellite Beach, FL 
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Stodola, Paul E SAJ 

From: 
Sent: 
To: 
Subject: 

Josh Murphree [murphreej@earthlink.net] 
Thursday, March 18, 2010 4:46AM 
Stodola, Paul E SAJ 
Former Indian Harbor Beach Resident Concerned about beach renourishment 

I don't know if this l etter will reach anyone in any form of power to make a decision on this 
matter, or even if it will be read. But I was informed on the forum of a local surfing 
website that I could send comments regarding the beach renourishment to this address. This 
matter is something that has affected me greatly, saddened, and frustrated me for many years. 
Let me give you some background, I grew up in Indian Harbor, my parents both grew up in 
Indian Harbor, etc. I moved to Hawaii about 3 years ago, for among other reasons, the place 
isn't what it used to be. I remember as a kid walking down to the end of the street every day 
across the dirt path through the dunes that led to the beach. When you got down there and 
looked around it was beautiful, nothing but dunes, relatively clean water, and a couple 
condos in the distance . I don't think a day had passed from when I was maybe 12 years old 
till I moved (at 27), other than when I was out of town, that I wasn't down there surfing, 
fishing, or whatever . I guarantee that I have spent more time on the mid-reach beaches than 
any of the people making decisions regarding the beach renourishment. 

I went back to Florida last year to see my family and friends, the first thing I did when I 
got to town was drive up and check the waves at bicentennial park. I was pretty much 
disgusted with what I saw. The sand is gray mud trucked in from Cocoa, which has stained the 
water putrid brown, nothing but condos for miles, and I don't every remember red tide in the 
27 years I lived there (other than an episode I want to say around thanksgiving 2002) but 
the stench was so bad I immediately got a headache. Its completely frustrating and 
demoralizing to see a place that you really love and care about steadily decline into a place 
you don't want to be anymore. 

A couple questions. I'm a licensed structural engineer in Hawaii and Florida, and have taken 
many graduate courses in Ocean engineering and have a pretty good knowledge of coastal 
processes, beach renourishment, etc. What is the point in pumping sand on the beach? I still 
honestly don't understand. Every condominium built on the east side of the coastal 
construction line within the last (I don ' t know the exact number) 20? years is required by 
code to be designed on a pile supported system such that if al l the sand is washed away 
beneath them the structure is still standing. period. What exactly are you trying to 
protect?? A few old dilapidated houses in Satellite? At what cost? Everybody involved in this 
project knows that beach renourishment is a never ending cycle (but I guess that gives you 
all job security, that and money is what this is all about anyways, right?). If sand is 
pumped on these reefs this will have many detrimental effects, we all know this, it kill many 
living creatures, and permenentley relocate many others (people included, this is one reason 
I moved, probably most of your kids will too when there old enough). An artificial reef will 
never replace what mother nature put in the ocean on this little stretch of beach. The 
fishing wont be the same, the surf wont be the same, and again the beach will have gotten 
worse . .. Before it's too late, Please don't make this mistake. 

I hope this letter is read, and whoever reads it, can pass along the message to a person who 
has the authority to allow this atrocity to proceed that there are actually people how care 
about this place, and the environment, and they are the people who use the beach everyday .. 
Not the 60 something retired couple from New York who bought a cheap condo on the beach (in 
the hopes of flipping it in a couple years for twice what they paid for it), who want to see 
more sand or are worried about .. god knows what . I know I speak for many other people. Please 
don't allow t his to happen ... 

Aloha, 
1 



Josh Murphree 
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Stodola, Paul E SAJ 

From: 
Sent: 
To: 
Subject: 

ike congdon [ikecongdon@yahoo.com] 
Monday, March 08, 2010 12:08 PM 
Stodola, Paul E SAJ 
Brevard Mid. Reach 

To Whom it may concern) 

As a prior member of the US Navy and an OI F veteran I am a strong believer i n the Army)s 
ability to adapt and overcome challenges) I truly believe we can find a better solution to 
Brevard County)s erosion probl em. 

Industrial methods in the mitigation of erosion and natural force s of the ocean have 
classically had a knack for getting us in trouble . We have seen it happen repeatedly) 
attempting to mitigate damage to our property and coastlines with so-called innovative 
technology while giving the local environment and natural and environmental solutions a seat 
at the back of t he bus. 

First) reefs are our coastlines natural breakwater and in fact protect billions of dollars i n 
businesses and properties along Florida)s coastline. Second) you can thank the nearby and 
surrounding reef tracts for the beautiful color of the ocean water and the main reason we 
bui ld condominiums there anyway . Without reefs) t here is dramatical ly less aquatic scenery 
for all to enjoy. Florida as a whole has a strong sense of environment awareness and is a 
progressive state especially concerning the marine environment thus we can find better 
solutions to these probl ems facing erosion. 

Though the money may be there to back the Brevard Mid Reach project) the science is not . We 
are only beginning to see t he adverse effects on the environment do to premature action s and 
lack of knowledge in environmental matters. Repeatedly we find ourselves regretting the 
actions taken by prior generations to st op naturally occurring phenomenon . 

Coral reefs are living organisms that have taken thousands of years to grow and continue to 
be an intricate part of our survival as anglers) divers and surfers. Yes ) there is a strong 
lobby for t his project to continue and a lot of money to back i t. Marine life and coral reefs 
do not use money so it is on us to give them a voice as well . Indeed) we all have to make 
sacrifices to sustain human kind)s growth and property; even our precious coral reefs must 
take a few lumps on the head. 

I believe continuing this project with such an industrial mindset will not only directl y 
negatively affect tourism immediately while it is happeni ng but for the fut ur e in a big way 
by reducing Brevard County)s economic diversity and further agitating an already frail and 
degrading reef ecosystem. Please feel free to contact me with any questions concerning 
environmentally sound solutions to this issue . 



Very Respectfully~ 

William "Ike" Kanakanui V Congdon US Navy EOD (BSM/ACM) Recipient 

CEO: Aloha Nui LLC Environmental Solutions 

Owner: www.thefreedomboat.com <http://www.thefreedomboat.com/> 

Member: Surfrider Foundation and Reef Check Org. 
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Stodola, Paul E SAJ 

From: 
Sent: 
To: 
Subject: 

Henry Goode [hgoode@cfl.rr.com] 
Friday, March 05, 2010 7:14PM 
Stodola, Paul E SAJ 
Brevard Mid Reach 

Dear Brevard Mid Reach Project, 

I have a concern with respect to the Mid Reach Project and a suggestion. 

Concern: Earlier in the 2000s the north and south reach projects were finished. The project 
seemed to have caused a huge variation in the how the waves broke and dissipated to shore. 
Before the project, the waves would dissipate over a long gradual slope reducing the wave 
force at the shore line. After the project was finished the wave energy would not dissipate 
gradually and thus would cause a catastrophic shore wave. This shore wave has enough 
strength to take down a 300 pound man not to mention what it can do to smaller people and 
children. From an economic standpoint, this treacherous beach is causing people to go to 
other beaches to avoid the increased undertow and massive shore break, thus hurting the local 
businesses that thrive on revenue from beach goers. 

Suggestion: We all know the equation Force = mass X acceleration squared and divided time . 
The more time it takes a breaking wave to reach the shore, the less impact it has on beach 
goers and the newly placed sand from the Reach projects. So I suggest that a study be 
performed in small areas to test the new mid reach project's impact on the shore waves so as 
to protect the beach goers, revenue to business at the beach and the Project's Newly placed 
sand. I think this should be done before the entire Mid-Reach Project be performed. 

Sincerely, 

Henry Goode 

Brevard Beach Goer and Resident 



Stodola, Paul E SAJ 

From: 
Sent: 
To: 
Subject: 

Kevin Murie [kevin@generalmasonry.gccoxmail.com] 
Monday, March 08, 2010 9:39AM 
Stodola, Paul E SAJ 
Dredge and Fill On Florida Coasts 

To Whom It May Concern, 

I am deeply concerned about the potential impact on the environment and the economy that 
dredge an fill project could have in Brevard County, FL. 

If you have been involved in dredge and fill projects in the past then you know what a futile 
effort it is to attempt to hold back the sea with sand. I have been surfing up and down the 
east coast of Florida for 15 years and was a Jacksonville, FL resident from 1999 thru 2009. I 
have been witness to the ACE performed dredge and fill projects in Duval, Flagler, and St . 
Johns County the past ten years. In Flagler County sand and sediment from several hundred 
yards offshore was dumped up and down the Flagler County coast adding about 300 feet of dry 
beach. In less than 3 years the beach had retreated beyond where it was when the dredge and 
fill (presented to the residents of Flagler County as "beach re-nourishmentn) was begun. 

The before and after in St . Johns County was far more dramatic. In St Augustine the filthy 
sediment was pumped ashore for months until the beach extended beyond the end of the county 
fishing pier. In less than 5 years the sands had receded to that point that the waves were 
again crashing against the seawall at the base of the pier. 

The same story is repeated up and down the East Coast of the United States. The fact is that 
dredge and fill or the more rosy "beach re-nourishmentn is a temporary fix to man-made 
problem and a tremendous waste of taxpayer money. Eroded coast lines are not the issue and we 
all know it. Irresponsible zoning, permitting, and construction are the issue. These ure
nourishmentn projects have nothing to do with protecting the natural coastal environment but 
have everything to do with deep pocketed fool hardy land owners who chose to build too close 
to the natural water line and the government officials who permitted their construction. In 
some cases those fool hardy landowners are the city, county, or state (i.e. Hwy AlA in 
Flagler County) 

In 2009 I returned to my home in Ft Walton Beach, FL where I grew up. Here these re
nourishment projects have been undertaken several times in the past with tragic results 
impacting tourism and fishing which are the two largest revenue and TAX producing industries 
in the Florida Panhandle. For some reason none of this fill ever finds it's way to the 
federally protected Gulf Islands National Seashore and I have never in 30 years heard anyone 
compl ain about beach erosion there . Curious? Since my return I have heard that there is 
another dredge and fill project in the works to protect the investments of landowners on MAN 
MADE Holiday Isle . 

Please consider the success of past dredge and fill products and realize that it is a futile 
and destructive undertaking that will have to be repeated time and time again at an enormous 
cost to the taxpayers and environment . Please spend the money budgeted for these "re
nourishmentn projects to find more permanent solutions to protect the structures that already 
exist and develop new zoning and permitting guidelines that will prevent future buildings and 
roadways from being constructed so close to the shoreline. 

Sincerely, 



Kevin Murie 
Field Engineer 
General Masonry of NW, FL 
(858) 259-5468 cell 
(858) 244-2981 office 
(858) 244-4835 
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Stodola, Paul E SAJ 

From: 
Sent: 
To: 
Cc: 
Subject: 

Michael Dippy [michaeldippy@earthlink.net] 
Friday, March 05, 2010 7:45 PM 
Stodola, Paul E SAJ; portilla.alex.web@flsenate.gov; adam.hasner@myfloridahouse.gov 
abeasley@orlandosentinel.com; bob.jordan@wftv.com 
Dredging Project 

I am writing to you today about the Mid-Reach Dredging Project. As a lifelong Floridian that 
has had a few careers in the architectural & real estate fields, I understand your need to 
protect the buildings that were originally built too close to the water-line . Yet) I plead 
to you please reconsider your support for the dredging project. The harm that covering up 
the natural reef will do to the ecosystem will likely be detrimental. It will also great l y 
affect t he fishing and surfing community along with the industries that are supported by 
their use of this reef. Finally) it is hugely expensive and probably under budget, during an 
nearly unprecedented financial crisis. This area of Florida has meant a lot to me and my 
friends our whole lives, please leave it available for future generations . Thank you for 
your time. 

Sincerely, 

Michael Dippy 

407-792-1374 
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Stodola, Paul E SAJ 

From: 
Sent: 
To: 
Subject: 

DiMeola, Dawn [DawnDiMeola@sfngroup.com] 
Friday, March 05, 2010 6:38PM 
Stodola, Paul E SAJ 
Brevard Mid Reach 

I write this email to let you know that I oppose the project to dredge and bury our reef to 
extend the beaches in Brevard County out further. Please take a moment to consider the 
impacts to all of the different people and marine life before voting to move forward on this 
project . 

I understandable to think that your tourist industry will benefit from increasing the beach, 
however you are killing another very important Tourist industry in our area directly related 
to the sustainability of the reef. People come from all over the country to dive off our 
reefs and see the beautiful marine life that Florida boasts . What about the impact to the 
marine life, I know that many people do consider the impact to animals when they plan 
construction project but to kill off the giant grouper that live on the reef that would be a 
disaster. This decision if you move forward with it wil l also impact our local fisherman 
whose lively hoods depend on and thrive off of the fish ing that the reef supports . We as a 
community have a lot more to lose than gain from this project. 

Why are we considering a project that could potentially hurt our local economy and destroy 
our natural marine habitat, especially when the mitigation reef (man made) is unproven in 
relocating the wildlife and may not be effective. What happens when the sea turtles we try 
to protect can•t find the reef they are instinctively drawn to, as well as the birds who live 
off of the exposed areas of the reef as it naturally occurs today. This proposed man made 
reef will be completely submerged significantly which will have a significant impact the 
birds who feed off of it. 

We are we wasting millions of dollars on a project that may not work, will continue to cost 
us millions of dollars over the next decade. Can we really afford to be spending this money 
in our current economy, especially when we aren•t sure whether or not this project will even 
work. Can we find better ways to use our tax dollars to the benefit of the local community. 

I hope that you seriously consider what the consequences may be, before you vote to go 
forward with the Brevard Mid Reach Project . 

Sincerely 

Dawn DiMeola 
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Stodola, PaulE SAJ 

From: 
Sent: 
To: 
Subject: 

Greg Gordon [travel@crsurf.com] 
Tuesday, March 09, 2010 8:59PM 
Stodola, Paul E SAJ 
Brevard Midreach comments 

I moved to Brevard County in 1994 to teach at Edgewood Junior High School and because the 
waves were good. Even though I lived in Cocoa Beach, my favorite waves to surf were in 
Satellite and Indian Harbor Beaches because of how the wave broke over the nearshore reef. I 
would often get coffee and donuts before a surf, or get a slice of pizza afterward. Just 
because I was in the area, I would stop into Publix to shop (and now Lowes). The point is 
that each year I've made at least 100 trips to surf those breaks in the MidReach, and on 
average spent $10 a trip. And there are thousands of other surfers like me who won't be going 
back to those beaches after they are fil led with dredged sand. According to a NOAA survey 
back in 2000, t here were 573,000 surfers in Florida (I'm fairly sure there are plenty more 
today) 

Please review and include my further comments from the Florida Today article on the MidReach 
from March 7, 2010. 
Comments link - http://www.floridatoday.com/comments/article/20100307/NEW501/3070320/Long
denied-renourishment-because-of-worm-beach-finally-may-get-bulked - up 
Article link: http://www.floridatoday.com/article/20100307/NEW501/3070320/Long-denied
renourishment-because-of-worm-beach-finally-may -get- bulked-up 

- Greg Gordon 
Brevard County taxpayer, retired teacher, and travel agent 

** 

"The sand dredged and dumped on other beaches (north and south reaches of Brevard) did not 
bury 3 acres of nearshore reef, which are foraging sites for juvenile sea turtles . The 
artificial rocks have not been studied long enough to determine if smaller turtles would 
survive on them since they will be placed 1000 feet offshore, not in the intertidal zone 
where the natural reef lies. 

In general for FL, more sand = more tourist $$. But in this part of the county, the beaches 
have more value as surf spots as well as fish, bird, and sea turtle habitats. 

Also not mentioned in the report are the studies on ghost crabs and other invertebrates that 
funnel through the natural sand. Previous studies show they aerate the sand with their 
digging, allowing water to wash through it while keeping the sand in place. Where you bury 
the invertebrates, it kills them off for 1-2 years, leaving hard packed sand that the waves 
will then carry the sand offshore . " 

and 

"Alex_in_FL: The reason why this project has been stalled for 13+ years is the concern over 
the environmental impact. I got my $21 million estimate from this source: 
http://surfeconomics.blogspot.com/2009/03/surfonomics-of-brevard-county-florida.html 

As for where I got the $1 billion figure: 
The industry overall earned $7.48 billion -
http://www.surfline.com/surfnews/2007 07 26 sima.cfm 



Florida has 583Jeee surfers out of 3 . 286 million in the u.s. = 17.74% (NOAA survey in 2eee) 
http:/(surfeconomics .blogspot.com/2009/02/how-many-surfers.html 

So 17.7% of $7.48 billion is $1.33 billion . 

Ron Jon's by itself has 4ee employees and a $Se million revenue -
http://images.businessweek.com/ss/09/06/0619 best independent stores/17.htm 

This is relevant because the ACOE determines if a project is feasible based on a cost/benefit 
ratio. If the project ruins a surf break = less $$ for FL and US economy since there are less 
places to surf. And the ACOE did not consider any of this." 
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A tiny marine bristle woon has stopped dredges from pumping sand along Satellite Beach and Indian 

Harbour Beach for the past decade, while officials spent almost 568 miftion bulking up the oceanfront to the 

north and south. 

The towns got a piece of almost SJO million over 

four years in trucked sand for patching dunes after 

the hurricanes. but somo beachside residents and 

officials pined for the dredge-and-fill projects that 

widened other high -profile Brevard County 

beaches. 

The lowly Sabellariid worm and its flat-rock perch 

stood in the way. 

But a new draft plan under review works around 

the environmental roadblock. It would bring 

another SJO million in sand - dredged offshore. 

then trucked in •• to the stretch called "Mid Reach" 

as soon as spring 2012. 

"It's a very good compromise: Satellite Beach 

Mayor Joe Ferrante said. "The hurricanes of 2004 

showed how vulnerable we were without beach 

renourishmcnt. We lost all of our beach dune 

crossovers . .•. We took many, many hits." 

The roughly 31,800 truckloads of sand would go 

on 7.8 miles of beaCh, from fUSI south of Patrick 

p.jr Force Base to just north of lnd~alantic. 

Residents have until Wednesday to voice opinions 

on the $195 million. 50-year plan, which includes 

resanding the two beaches about every three 

years. The plan will requiro congressional 

approval. 

Dredges would pump almost 575,000 cubic yards 

o! sand !rom shoals about fivo miles o!! Cape 

Canaveral to the Tndent 8as1n west spoil area. 70 

acres owned by the military on tho north side of 

Port Canaveral. Trucks would haul the sand to 

several beaCh access points. drive it down the beaCh. and bulldozers would smooth i t 

The dredging would happen about every six years and the trucking every three years. or as needed .. !or 

about $7 million each time. 

U.S. Army Corps of Engmcors officials say. despite the risks and cost. the project's economics add up. They 

1 I ? I ? 

Purchase this Photo 

Rocks jut upward nc~r the end of Eau Gallie causeway. Tho 
narrow beach from Satellite Beach to Indialantic is targeted !or a 
St95 milion, 50-year plan for resanding.ll would take 31 ,800 
truckloads. (Rik Josso. FLORIDA TODAY) 
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say that for every S 1 spent. it would pump about $3 into the local economy in the form ol property protection 

and tourism. 

72 
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Read and share your thoughts on this story. 

PROS 

STORM BUFFER 

Dredging sand on the beach protects billions in bcacn slde 

property by buffering against storm waves. 

SEA TURTLES 

It provides more area for sea turtle nesting. Brevard's beaches 

are considered among tho bost in the world for this. Primary 

nesters here are loggerhead sea turtles. 

TOURISM BOOST 

Tourism offocials favor beach renourishment as a way to guard 

lhe state's muttibilloon.<Jollar tourism ecooomy. Beaches drive 

much of Brevard"s $2 biftion annual tourism economy. The county 

has 72 mites of beach . 

CONS 

FISHING ISSUES 

Some fishermen oppose beach sand projects because they bury 

tiny crabs, coquina and other fish food. 

SEA TURTLES 

Sea turtles may snub renourished beaches if the sand Is different 

from the native beach. An elevated beach can ox pose hatchlings 

to more lights, which they moy mistake for sea ronection and 

head - fatally - away from tho ocean. 

SURF"S UP? 

Surlers say Ute new sand con ruin the dynamics that mako good 

surfing waves and can waste tax dollars by widening beaches 

that have limited public access. 
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"Quite frankly. I didn't think we'd ever get it through." said Rob Varley. · -<. of the Space 

Coast Office of Tourism. "I think they finally looked at i t and said if we don't do something , we're going to lose 

a lot of buildings." 

scientific discO\'Cry 
cis muscle building 

you qualify for :1 credit 
rd bailout'? 

ruisc specials for those 55 
older 

low to restore your I'C to 
kc-ncw performance 

to S500K life insuntnc!·, 

Varley sees tourists, as well as sea turtles. 

snubbing the Space Coast if the beach narrows 

too much. 

A Worm's Life 

Brevard's major beach build-backs started in 2000, 

when dredges fattened Cocoa Beach and Cape 

Canaveral for $23.1 million. Then in 2002, a $15.5 

million dredging project widened Indialantic and 

Melbourne Beach. 

Dredges returned to all four beaches in 2005 to 

repair erosion from the previous year's hurricanes, 

at a cost of S 16.8 million . 

All told, $55 million was spent in five years. 

Add to that a $12.4 million dredging lhat began 

last month 10 bring sand to 3.8 miles of beach, 

from Spessard Holland North Beach Park to just 

north of Indialantic. 

Satellite Beach and Indian Harbour Beach were 

left out of these large dredging projects, though. 

because of the coquina rock reef and a marine 

worm that clings 10 i t. 

The worm creates rock-like oulcroppings thai, 

along with its coquina base, the National Marine 

Fisheries s.,rv•ce deems essential fish habitat. 

The worms secrete mucus that sand grains get 

embedded in, forming cones where the worms 

hide, algae clings and fish and sea turtles feed. 

The 2012 project is expected to bury up to three 

acres of the 31-acre reef within the project area. 

as trucked-in sand oozes from the beach over rock in the surf zone. 

After only three days buried, about half the worms would die, according to research by Nancy Sloan. who did 

her master's thesis at Florida Tech on the worms. 

Purchase this Photo 

Rocks jut upward ncar lhe end of Eau Gallic Causeway. The 
narrow beach from Satellite Beach to Indialantic is targeted for a 
$195 million. 50-year plan for resanding.ll would take 31,600 
truckloads. (Rik Jesse, FLORIDA TODAY) 

0
PH)(!Cd 

Cs·.··) · 

• 

... 
N 

Spending on 

,tr ..cm:,t 
O.:C'C:i ' ! 

beach renourishrnent 
lncluomg t ile S 12.4 1111111on 
project that just starttx l in 
ln<lialantiC, about 
S97. 7 m1llion smce 2000 
11as been spent •n Br eva rd 
County lnulcl1ng back tnc 
county's beaches anll dunes. 
Where the money 
has come fron1: 
• Brc·• · i ~t ~ :-.. poH on C.OIW:~ lr<JIIl ~111: 
co,mt~ ·~ [> PNCCHt l).: cf 1.1). on t1~V:1 
cl"ld f' l 0 1CI roon"' s t;.-,.:; 

Federal 
$56.5 •l Hiho n 

Brevard· 
$14.7 m illion 

.)~ll~~r~J.) Iln 

Swrc~:~) 
~~~~·v, ... Stale 
Orcv:t,d Cwoh '5?6.5 rn tii10n 
NrHUrttl Hc$0~1 'CCS ) -
r-.~;~nilg-.!ment Off c:c :._ I t 11 t 

rtCRI!>' roo:,y 

PUTTING SAND BACK O"l rH IJE.\CII 

http://www .tloridatoday .com/article/20 100307 IN EWSO 1/30703 20/Long-denied-renourish ... 3/31/2010 



· Long denied renourishment because of wom1, beach finally may get bulked up I floridato ... Page 2 of4 

The reefs they form help protect property by blunting wave ~Y and keeping sand in place. 

"The way the worms build their reefs. it actually protects the beaches: Sloan said. "It helps to suspend 

sediment: 

Artificial Approach 

To make up lor burying the worm reel, the corps plans to put 4 .8 acres of prefabricated concrete rock mats 

PROS 

STORM BUFFER 

Dredging sand on the beach protects billions in beachside 

property by buffering against storm waves. 

SEA TURTLES 

seaward ol the existing rock . They would embed the mats with 4· to 12-inch coquina stones, forming 8-foot 11 provides more area lor soa turUe nesting. Brevard's beaches 

by 15-loot blocks linked together by steel cables. They would sink the mats in water about 14 to 16 feet deep. are considered among the best in the world lor this. Primary 

about 1,000 leet ollshore. nesters here are loggerhead sea turtles. 

Comments>> 
Read and share your thoughts on this story. 72 

TOURISM BOOST 

Tourism officials favor beach renourishment as a way to guard 

the state's multibillion-dollar tourism economy. Beaches drive 

much of Brevard's S2 billion annual tourism economy. The county 

has 72 mites ol beach. 

CONS 

FISHING ISSUES 

Some fishermen oppose beach sand projects because they bury 

tiny crabs. coquina and other fish food. 

SEA TURTLES 

Sea turtles may snub renourished beaches if the sand is different 

from the native beach. An elevated beach can expose hatchlings 
to more lights, which they may mistake for sea reflection and 

head •. fatally·· away from the ocean. 

SURF'S UP? 

Surfers say the new sand can ruin the dynamics that make good 
surfing waves vnd can waste tax dollars by widening beaches 

that hvvo limited public access. 
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The $7 million artificial reel " """"" ''; lor about a quarter ollhe initial project's cost. 

"We expect it to function like most other artificial 

reef structures." said Paul Stodola, a biologist with 

the corps' environmental br<lnch in Jacksonville. 

Cri tics or the plan lear thai such a reel won't draw 

as many worms, fish or other marine life as the 

natural coquina reel. 

But studies in 2006 by the Brevard County Natural 

Resources Management Office found the worms 

clung at comparable rates to limestone test 

platforms put on the seabed offshore of the project 

area. 

Officials said the more surgical method or trucking 

sand to the beach is needed to protect the worm 

and coquina reels. 

Dredging sand there would bury the worms and 

too much of coquina they inhabit and build upon, 

which serves as prime grounds lor shrimp, crabs, 

to r es lore your PC to grouper. snapper and sea turtles. 

A Beach Divided 

Coastal owners, however. remain divided about 

to $5001< li fe insuntncc, the prospect of the dredged and hauled sand. 

Susan Brown of Satellite Beach, lor example, 

thinks it all will wash away. entomb the reel

forging marine worms and harm surf fishing. 

"The ocean's going to take it back," Brown said as 

she fished behind her beachside condo at 

Sandpoint Towers .. guarded by a concrete 

seawall . "The bottom line is they're wasting 

money. Those dollars are not free. They come 

from me and you ." 

Others such as Chip Rohlke see new sand on the Mid Reach beaches as crucial for protecting property and 

the local economy. 

"There's sand out there. but one good storm, and it's gone." said the 

the Crista! condominium complex in Indian Harbour Beach. 

-<. who owns a unit at 

Purchase this Photo 

Rocks jut upward near the end of Eau Gallic Causeway. The 
narrow beach from Satellite Beach lo Indialantic is targeted lor a 
S 195 million, 50-year plan lor resanding. It would take 31,800 
truckloads. (Rik Jesse. FLORIDA TODAY) 
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Brown said that will always be the case, regardless of how much sand the trucks and dredges bring. And she 

doesn't buy the premise that a thinner beach means fewer tourists. 

"They're still going to come," she said. "The best thing we can do is leave it all alone." 

T ime, or the next storm, may tell. 

Contact Waymer at 242-3663 or jwaymer@floridatoday.com. 

72 Comments >> 
Read and share your thoughts on this story. 

PROS 

STORM BUFFER 

Dredging sand on the beach protects billions in beachside 

property by buffering against storm waves. 

SEA TURTLES 

It provides more area lor sea turtle nesting. Brevard's beaches 

are considered among the best in the world lor this. Primary 

nesters here are loggerhead sea turtles. 

TOURISM BOOST 

Tourism officials favor beach renourishment as a way to guard 

the state's multibillion-dollar tourism economy. Beaches drive 

much or Brevard's $2 billion annual tourism economy. The county 

has 72 miles of beach. 

CONS 

FISHING ISSUES 

Some fishermen oppose beach sand projects because they bury 

tiny crabs, coquina and other fish food. 

SEA TURTLES 

Sea turtles may snub renourished beaches if the sand is different 

from the native beach. An elevated beach can expose hatchlings 

to more lights, which they may mistake lor sea renection and 

head -- fatally .. away from the ocean. 

SURF'S UP? 

Surfers say the new sand can ruin the dynamics that make good 

surfing waves and can waste tax dollars by widening beaches 
U>at have limited public access. 

r,tOST RECOI.I \'ENOEO t,R rtc I S 
Prominent Melbourne attorney Rick Torpy faces 
disciplinary action (524) 

Tell us: Do you back Obama's health care ideas? 
(219) 

1 injured when vehicle flips on Melbourne Causeway 
(149) 

Tell us: What would you say to Obama on space? 
(6) 

Routine eye exam turns up detached retina (5) 

r.tOS COMMf:NTED ARTICL•~ 
Suzanne Kosmas' health care vote triggers threats 

(467) 

Your views: Airing it out on health reform (March 28) 

http://www .florida today .com/aiticle/20 1003 07/NE WSO 1 /3070320/Long-denied-renourish ... 3/31/2010 
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(232) 

Brevard schools could lose $1 0 million ( 164) 

Our views: Threats against lawmakers over reform 
damage democracy (138) 

State Senate passes merit pay plan for teachers 
(84) 

More Local News Headlines 
Titusville copes with the price of progress (31) 

Nationals will tour Lee County ballpark (1) 

Victims help Melbourne credit-card scam probe (14) 

Haridopolos seeks ·Innocence Commission' funds (21) 

Officials seek more charity money for south Brevard (11) 

FloridaToday.com: Used syringes dumped by Scousmoor 
roadway: htlp://bit.ly/cbiNMN about an hour ago 

FloridaToday.com: Sentencing for Palm Bay man who 
kidnapped son delayed until July: htlp:l/bit.ly/augygY abOut 
an hovr ago 

FloridaToday.com: Tell us: What would you say to Obama 
on space?: htlp://bit.ly/dfkecK abOut 2 hours ago 

FloridaToday.com: Inspectors praised escape-riddled 
Osceola: htlp://bit.ly/d3tv2j about 2 hours ago 

FloridaToday.com: Tornado leaves 5 miles of damage in 
Broward County: htlp:l/bit.ly/93RNrL abOut 3 hours ago 

CLICK TO FOLLOW US UN II' l1E'{ 

AOS , ( PlJI E ~ Get Listed Hero 

Spring Deals to Europe 
Find Sales from LA to Europe On Air France Site! 
www.AirFrance.us 

Jacksonville Refinance at 3.41% APR! 
5160,000 mortgage for only 5712/mo. No SSN reqd. 
Get 4 FREE Quotes! 
www.LendGo.com 

Obama Wants You Educated! 
Get Your College Degree Online. Financial Aid Now 
Available. 
Education·Pian.com 

http://www .floridatoday.com/article/20 100307 /NEW SO 1 /3070320/Long-denied-renourish ... 3/31/2010 



Stodola, Paul E SAJ 

From: 
Sent: 
To: 
Subject: 

David Kaplan [david.kaplan@gbfinc.net] 
Sunday, March 07, 2010 6:23AM 
Stodola, Paul E SAJ 
Do Not Put Dredged Sand On The Beach 

To Whom I t May Concern, 

Please do not attempt this temporary fix and waste our money. 

1. We as stakeholders were left out of process, and have the most to lose. 
2. The project hurts the local economy and destroys natural habitat. 
3. The mitigation reef is unproven and may not be effective. 
4. The project is a waste of money, may not be effective, and may even prove dangerous to 
human lives. 

David Kaplan 

Asst. Project Administrator 

3025 Matthews Road 

Fort Pierce, FL. 34945 

(954) 275-5638 

NOTICE: The information contained in this E-mail message is privileged and confidential 
information intended only for the use of the individual(s) named above. If the reader of this 
message is not the intended recipient, you are hereby notified that any dissemination, 
distribution or copy of this communication is strictly prohibi ted . If you have received this 
communication in error, please contact the sender by reply E-mail and destroy all copies of 
the original message. Thank you. 

1 



Stodola, Paul E SAJ 

From: 
Sent: 
To: 
Subject: 

Owen Gallard [ocallard@gmail.com] 
Tuesday, February 16, 2010 10:14 PM 
Stodola, Paul E SAJ 
Brevard Mid-Reach-February 10 2010 meeting comments 

To Whom It May Concern: 

I attended the Public Meeting for the Brevard County Mid-Reach Shore Protection Project held 
on February 10, 2010 at the The Radisson in Indialantic , Florida. I t hought the presentation 
was good and t hat the Question and Answer session held after the USACOE presentation was 
especially effective. Many of my questions were answered by speaking with the USACOE experts 
present at each station, environmental, economic etc . At this juncture, I have some general 
comments. 

I realize that the USACOE mission is protect personal property, infrastructure, and to 
attempt to balance environmental concerns when const ructing these types of projects. One of 
the items that str uck me was the initial start-up cost of $29 million dollars for the Mid
Reach project. It is true that if we as a society choose to do nothing to protect critically 
eroded coastal areas along Brevard County beaches and elsewhere, that shoreline properties 
will be impacted and heavily damaged. I would be interested to see if it would actually be 
cheaper to purchase selected properties along the Mid-Reach shoreline rather than renourish 
these beaches at a regular intervals. The renourishment projects disrupt activity along 
beaches as well as impact flora and fauna along project areas. Has the USACOE done any 
analysis concerning purchase of property along these areas? In addit ion to the start-up 
costs, periodic const ruction costs for additional renourishment of t he beaches will add cost 
throughout the 50-year life span of the project. 

I t i s difficult t o quantify the worth of nearshore reef, associated plants, and animals that 
make their home in this area. The wort h of these areas is not easily calculated as a metrics 
so that a neat cost:benefit ratio is yielded. These areas have value as well and we need to 
preserve them when possible . Tourists will still come to Florida beaches and tourism will 
always be important to Florida's economy. Florida's economy needs to become less dependent on 
tourism and it needs a more diverse economic base . We need to accept the fact that these 
barrier islands are transgr essing west. Why not minimize renourishment by purchasing 
properties? When and if the encroachment of the shoreline jeopardizes AlA, then more 
protection measures may be used to protect the obvious importance of such a road. 

I say dump sand on the dunes but avoid the intertidal area . The sand will cover the nearshore 
reef, probabl y to a greater extent t han any model could predict since nature operates in a 
non-linear manner . 

Thank you for your consideration, 

Owen Callard 



Stodola, Paul E SAJ 

From: 
Sent: 
To: 
Subject: 

frances alban [frances@albancommunications.com] 
Saturday, March 06, 2010 9:36PM 
Stodola, Paul E SAJ 
Brevard Mid Reach 

To whom it may concern, 

A native Floridian, I was saddened to hear the news about the reduction project in Brevards 
County . I care tremendously about protecting out wildlife, natural beauty and preserving 
Florida's beaches. I am against this so-called beach restoration project, for the following 
reasons: 

1. The proj ect hurts the local economy and destroys natural habitat. 
2. The mitigation reef is unproven and may not be effective. 
3. The project is a waste of money, may not be effective, and may even prove dangerous to 
human lives. 

For all these reasons, I strongly urge you to withdraw your support of this harmful project. 
Thank you for considering my comments. I look forward to your reply. 

Frances 

*** 
Frances Alban 
Alban Communications 
tel. 786.200.4315 

http://twitter.com/Francesalban 
www.linkedin.com/in/francesalban 
www.albancommunications.com 

The information contained in this transmission may contain privileged and confidential 
information. It is intended only for the use of the person(s) named above. If you are not the 
intended recipient, you are hereby notified that any review, dissemination, distribution or 
duplication of this communication is strictly prohibited . If you are not the intended 
recipient, please contact the sender by reply email and destroy all copies of the original 
message. 



Stodola, Paul E SAJ 

From: 
Sent: 
To: 
Subject: 

virginia [vsavage@cfl.rr.com] 
Friday, March 05,2010 6:10PM 
Stodola, Paul E SAJ 
One voice 

I find it quite remarkable that our Brevard County "government" is planning to spend "$30 
million to bury three acres of reef between Satellite and Indian Harbour Beaches, and then 
continue to spend $7 million every three years or so to keep it buried", to destroy existing 
and essential habitat and food sources for baby sea turtles, birds, and fish_. and for what 
purpose other than to bend over for beachside property owners who are worried about erosion. 
Come on folks. When is it time to stand up for the principle of long-term preservation of all 
that is truly essential_. the ecology of all life, the beauty of our Earth's ecosystem, our 
own human responsibility to safeguard those who cannot safeguard themselves? I say the time 
is NOW. If this decision is carried out, I say that it is not truly "government" which is a 
representative voice of all people, but money that is doing the talking. I say that it is 
well past time for asking why we spend millions to cover reefs, build beaches, or even to 
protect property built too close to nature's inherent process . It is time to STOP. Think 
about it. Can you really, in clear conscience, do something that is identical to wiping out a 
population of life simply because you have rationalized your denial of it? If you don ' t stop 
to think about it, you ARE the problem. 

One Voice, Collective Mind 

Dr . Virginia Savage 



Stodola, PaulE SAJ 

From: 
Sent: 

three jolts [3jolts@gmail.com] 
Saturday, March 06,2010 10:10 AM 

To: 
Subject: 

Stodola, PaulE SAJ; tom.morrissey@jax.ufl.edu 
don't prove yourself dumb, careless and wrong!!! 

I can't believe I have to admit to my fr iends in california t hat they are smarted about their 
beached than we are! (these are the guys who turned their landscape fron t he backdrop of 
Gidget films to scenes from terminator, for pete's sake! !! ) 

North Fla and the rest of the southeast coast (known world round as dumb rednecks) have the 
foresight to not allow big-development to have carte blance, and t he promise we'll bail them 
out no natter how much they screw up our world. 

By allowing the (inappropriately named) "dredge and fill beach renourishment '' to proceed you 
are showing you haven't learned anything from the regions alluded to above. Can you honestly 
say that you are doing this for any other reason than to protect buildings that shouldn't 
have been built there in the first place? The same buildings that "precipitated the problem"? 

Either have the courage to admit the only master you serve is the dol lar, or allow the other 
parties involved to be part of the decisionmaking process. Listen to the voices of the 
fishing industry, the recreational beach-goer, the surfers and boogieboarders,, the 
natura l ists and environmentalists and countless other s. 

PLease don't send the message to shortsighted developers that we acknowledge that they are 
"too big to fail". We can wise-up now and not make the same mistakes that have been made 
before. The world is changing . The younger generation recognizes this . Show them you are not 
to stubborn to listen or too old to learn. 

Respectfully, 

Tom Morrissey 
Scientist 
Emergency Physician 
Medical Student Educator 
Surfer, fisherman, swimmer, beachrunner 
(body composed mostly of salt water) 
Native Son of Florida 
Most importantly .. . Father of 2 teenage boys who should not be deprived of the beaches I was 
priveledged to grow up on. 
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Stodola, Paul E SAJ 

From: 
Sent: 
To: 

Fred A. [fastuff@bellsouth.net] 
Saturday, March 06, 2010 2:20 PM 
Andy Anderson 

Subject: Beach renourishment 

To my elected representatives) 

I write this letter to express my concern to the currently proposed "beach renourishment 
project". I am a permanent voting resident of Brevard County and Satellite Beach and I am 
completely against any project that will in any way harm the quality of water) cover the near 
shore reef) put substandard sand on the beach) or waste taxpayer dollars. I am a fisherman) 
beach goer) surfer and I have seen the qua lity of the sand placed i n the last two 
renourishment projects and frankly i t was disgusting. In addition the water quality for 
almost a year after the last project was terrible. It is just now begi nning to clear up. 

With this next project) as I understand itJ a good bit of the near shore reef will be covered 
and I am adamantly opposed to this. I understand that measures will be taken to protect the 
homes and condos which have been constructed much to close to the beach but the current 
proposal goes much too far in accomplishing this. In addition I am opposed to the big 
business of beach renourishment. It is a waste of taxpayer dollars and in these days and 
times I find it criminal to waste even a penny much less 195 million dollars. 

I write this letter on behalf of not only myself but my wif e) sonJ and daughter in law and 
all of us will take note of what is done and vote accordingl y in the next elections . It is 
time to bring the big business and destructive wasteful practices of beach renourishment to a 
halt. 

Thank you for your attent ion) 

Robert Auter 
Deborah Auter 
Terry Auter 
Joanna Auter 

768 Hibiscus Drive 
Satellite Beach) Fl 32937 

1 



Stodola, PaulE SAJ 

From: 
Sent: 
To: 
Subject: 

Virginia Grabowski [v.grabowski@mac.com] 
Friday, March 05, 2010 7:04PM 
Stodola, Paul E SAJ 
Brevard Mid Reach 

I appose the project because of the following points: 
1 . We as stakeholders were left out of processJ and have the most to lose. 
2. The project hurts the local economy and destroys natural habitat . 
3 . The mitigation reef is unproven and may not be effective. 
4. The project is a waste of moneyJ may not be effective) and may even prove dangerous to 
human lives . 

Virginia Grabowski 
SeffnerJ FL 33584 
v. grabowski@mac.com 
813-579-9918 

Pl ease consider the environment before printing this e-mail 

1 



Stodola, Paul E SAJ 

From: 
Sent: 
To: 
Subject: 

PARADISE POOLS [paradise-pools@hotmail.com] 
Saturday, March 06, 2010 3:14PM 
Stodola, PaulE SAJ 
DONT BURY OUR REEF OR ROCK!! 

OIM A LIFELONG RESIDENT OF "BEACHSIDE".I'VE SPENT MY WHOLE LIFE TRAVELING UP AND DOWN THE 
COAST EAST COAST OF THE U.S. LOOKING FOR GOOD SURFJMOSTLY NEAR MY HOME IN INDIALANTICJFL. 
FROM SEBASTIAN INLET TO COCOA BEACH. BUTJUNFORTUNATELY ITS GETTING HARDER AND HARDER TO FI ND 
GOOD SURF IN THE SE AR EAS BECAUSE EVERY YEAR THE FEDS SPEND MILLIONS OF $$$$$$$$ TRYING TO 
"REPLENISH" THE LOSS OF SAND FROM EROSION DUE TO STORMS . MOSTLY FOR THE RICH PEOPLES HOMES 
THAT ARE CLOSE TO BEING LOST TO THE SEA. WAAWAAWAA! WHILE MESSING UP THE SANDBARS THAT USED 
TO BE SO GOOD HER E! 

AFTER EVERY NEW "RESTORATION" ALL IT TAKES IS A "MINOR" STORM AND ALL THAT SAND IS GONE! 
NOT TO MENTION ALL THE $$$$$$$ IT TOOK TO GET IT THERE. 
AND NOW THEY WANT TO BURY THE ONLY REEF AND ROCK AREAS WE HAVE IN THIS AREA . ONCE AGAIN 
WASTING OUR TAX DOLLARS AT THE SAME TIME DESTROYING THE ONLY ROCK AND/OR REEF AREA FOR FISH 
TO CONGREGATE . NOT TO MENTION MAKING THE SANDBARS ALONG THE COAST EVEN WORSE THAN THE YEAR B-
4 THAT AND THE YEAR B-4 THAT AND THE YEAR B-4 THAT AND SO ON. 

SO PLEASE NO NO NO NO MORE SAND PLEASE FIND OTHER ALTERNATIVES. 
HOW ABOUT CONSTRUCTING SOME JETTIES THAT WILL HELP WITH EROSIONJMAKE BETTER SURF BREAKS AND 
ALSO GIVE MARINE LIFE SOME GOOD HOMES AND HABITAT. 

Hotmail: Trusted emai l with MicrosoftJs powerful SPAM protection . Sign up now. 
<http:/!clk.atdmt.com/GBL/go/201469226/direct/01/> 
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Stodola, Paul E SAJ 

From: 
Sent: 
To: 
Subject: 

Ladies and Gentlemen: 

vitunac [vitunac@bellsouth.net] 
Monday, March 08, 2010 8:36 PM 
Stodola, Paul E SAJ 
brevard mid-reach proposed project 

Please accept my comments regard ing the above. I object to the proposed project for the 
following reasons: 
Surfers and fishe rman, as well as those from the surf and fishing industries are among those 
who may be most negatively impacted by the proposed project, yet the Corps has neither 
adequately heard nor appropriately addressed the concerns of those groups . The project will 
destroy the natural habitat of many species, including protected species. The proposed 
mitigation r eef is unproven and may not be effecti ve. This r eef should be installed and 
tested prior to any consideration of the project. The project is extremely expensive, and 
the benefits are speculative. A much smaller scale project would provide the intended 
protection without destroying natural reefs. The mitigation reef may prove to be hazardous 
to swimmers and surfers. 

Thank you for considering my comments . 

Suzanne Vi tunac 
2606 Mockingbird Dr. 
Vero Beach, FL 32963 

1 



Stodola, Paul E SAJ 

From: 
Sent: 
To: 
Subject: 

Gary Wall [irishrover@insightbb.com] 
Monday, February 15,201011:07 AM 
Stodola, Paul E SAJ 
Beach Restoration Project 

As a resident of Brevard county,we enjoy the beach and its natural beauty.Living close 
by enables us to frequent the beach .We talk to others in Florida who enjoy the beach,not to 
mention the many tourists. 

We look forward to your approval of the Beach Restoration Project . 

Regards, 

Gary Wall 

1 



Stodola, Paul E SAJ 

From: 
Sent: 
To: 
Subject: 

To Whom It Concerns: 

Richard Franklin [r-p-franklin@mindspring.com) 
Sunday, March 07, 2010 7:47PM 
Stodola, Paul E SAJ 
Brevard Mid Reach Beach Project 

I am President of the Golden Palm Condominium Association and am writing to voice my support 
for the Brevard County Shore Protection Project. Since 2004 when hit by numerous hurricanes> 
the beach> due to loss of dune> and area have been in decline. Our economy largely dependent 
on tourism continues to suffer. Our beaches have become very unsafe since a large volume of 
rocks have been uncovered with the loss of sand. Our sea turtle population is suffering 
since there is less beach area to dig nests . The survival of turtle eggs has dramatically 
decreased since sea water now invades nests that are now closer to water's edge. Please give 
this project a positive vote. 

Richard Franklin 
1941 Hwy AlA #201 
Indian Harbour Beach> Fl 
4070421 -1099 

1 



Stodola, Paul E SAJ 

From: 
Sent: 
To: 
Subject: 

Brent Shipman [bcsmann@yahoo.com] 
Friday, March 05, 2010 11:12 PM 
Stodola, Paul E SAJ 
Re: Brevard Midreach Dredging Project 

I have surfed, fished, walked with my family, enjoyed seeing the turtles, birds, finding crab 
claws and other things from the reef area in this beach area for many years . I believe that 
this will be an extremely wast eful l and detremintal expense of my tax dol lars to pump the 
reef areas over with sand. There must be some better way to build a better dune system to 
protect the real estate than total destruction of the reef that supports everything from a 
whole equatic species system and also word class surfing breaks. Please don't ruin the reef. 

Sincerely, 

Brent C. Shipman 
Atlantic Approved Appraisers Corp . 
St.Cert . Res.REA RD3865 FL 
Cell: 321-271-9536 

1 



Stodola, Paul E SAJ 

From: 
Sent: 
To: 
Subject: 

Lauren Devine [lrdevine@yahoo.com] 
Friday, March 05, 2010 9:25 PM 
Stodola, Paul E SAJ 
Subject - Brevard Mid Reach 

To whom it may concern, 

The above referenced project: 

1 . Hurts the local economy and destroys natural habitat . 
2. The mitigation reef is unproven and may not be effective. 
3. The project is a waste of money, may not be effective, and may even prove dangerous to 
human lives. 

Please reconsider this reckless project . 

Thank you for your time. 

Sincrerely, 
Lauren Devine 
Boca Raton, FL 

P please consider the environment before printing this email 



Stodola, PaulE SAJ 

From: 
Sent: 
To: 
Subject: 

Greg Gordon [crsurf@yahoo.com] 
Saturday, March 06, 2010 2:34 AM 
Stodola, Paul E SAJ 
MidReach comments 

Please accept these video links of surfing in Satellite Beach. In this first one, filmed 
during Hurricane Florence in 2006, notice the number of surfers and the enjoyment they are 
having. Notice how the nearshore reef not only give the outside waves punch, but also help 
dissipate the waves gradually closer to the beach. http://www.youtube.com/watch?v=DpvYixAU98M 

And after watching the second one showing a surf contest in Satellite Beach 
(http://www.youtube.com/watch?v=6GgVZ12Ehhs), think about the economic incentives that these 
surf contests have . Think about what a great healthy sport for all the kids to participate 
in, appreciating nature and t he ocean. Think about how great a fami ly event these ar e. 

Don't bury the reef. Just use the dune fill option. 

-Greg Gordon 
Satellite Beach surfer 



Stodola, Paul E SAJ 

From: lpollin@aol.com 
Sent: 
To: 

Saturday, March 06, 2010 2:33PM 
Stodola, Paul E SAJ 

Subject: Brevard Sand 

Other than being a great surf area, you have to address the killing of the reef and all the 
sea live that lives on it. If you cover it all up with dredged sand, the turtles fish etc 
will no l onger be. Please consider dumping the sand elsewhere, at least to a beach with out 
reef. Reefs are scarce enough and we need to preserve the ones that are left. 
Your consideration is appreciated . 
Larry Pollin 

Lawrence S. Pollin 
Smith & Associates Real Estate 
38el Bay to Bay Blvd. Tampa, FL 33629 
(813)839-3See x3423 FAX (813)837-3999 
www.LarryPollin.com <http://www.larrypollin.com/> = 
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Stodola, Paul E SAJ 

From: 
Sent: 
To: 
Subject: 

Mark B. Sigler [markbsigler@gmail.com] 
Saturday, March 06, 2010 7:44AM 
Stodola, Paul E SAJ 
Dredge and fill project(s) in Brevard County Florida 

As a longtime coastal resident of Florida and Brevard County, I would like to register my 
dissent for the proposed dredge and fill projects on the Florida coast, in particular the 
Indian Harbour and Satellite Beach proposal. I do not believe that this is a sound approach 
for the environment, as it is obviously destructive to fishing and surfing which are 
important aspects of tourism . I do not believe it is the taxpayers responsibility to fund 
such projects in order to protect individuals coastal properties. I believe it is those 
property owners responsibility to remove the sea walls that are a proven cause of erosion, 
and return the coastline to a natural state. 

Mark B. Sigler 
5845 Riverside Dr 
Melbourne Beach, FL 32951 
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Stodola, Paul E SAJ 

From: 
Sent: 
To: 
Subject: 

lbienkowski@bellsouth.net 
Friday, March 05, 2010 6:28 PM 
Stodola, Paul E SAJ 
Brevard Mid Reach 

I am against this -- It's just another waste of tax payer's money to assist condo owners and 
private homes . What a joke . You people are bought. 

You want paradise for the tourist industry? This is not the answer. You are ru1n1ng paradise . 
Bury a reef and destroy you r money maker -- the beach and the clean and healthy ocean. You 
insult mankind and make a mockery of a transparent process that benefits all citizens, not 
just the one's that paid you off . Say good -bye to your economy with your short-sighted, 
destructive proj ect. And the condo owners and private owners can have a first class view of a 
sloppy mess . 

Haven't you people done any research on dredge and fill projects?!? Insanity, doing the same 
thing over and over again and expecting different results. Welcome to the asylum. 

Brian Bienkowski 
Silver King Freelancing Inc. 

4 



Stodola, Paul E SAJ 

From: LynneBas@aol.com 
Sent: 
To: 

Saturday, February 13, 2010 8:49AM 
Stodola, Paul E SAJ 

Subject: Sand Restoration 

Mr. Posey, 

Sand restoration i n our area is vital . Pl ease do everything you can to make sure that 
congress and the Army Corp of Engineers keep up with the program. 

Thank you for your hard work, 

Lynne Basler, Realtor 
MILLION DO LLAR SALE' S ASSOCIATE 
South Island Real Estate 
301 Ocean Ave., 
Melbour ne Beach, FL. 32951 
321-626-6336 (Cell) 
321-984-3135 (Work) 
lynnebas@aol.com 
www.lynnebaslerbeachrealty.com 
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Stodola, Paul E SAJ 

From: 
Sent: 

Yeatman Dr. , Timothy [Timothy.Yeatman@moffitt.org] 
Friday, February 12, 2010 8:37 PM 

To: Stodola, Paul E SAJ 
Subject: Sand Restoration Indialantic Beach 

Dear Sir: 

Brevard County is currently seeking general legislation from Congress that would authorize 
the U.S. Army Corps of Engineers to proceed with restoration of any, to all, of the 7.6 mile 
Mid Reach . I am writing you to request support of the following pieces of legislation: 
1. A $500,000 federal appropriation in the Energy and Water Appropriations Bill, sought by 
Brevard County, to complete the Mid Reach GRR . 
2. Legislation in the Water Resour ces Development Act to correct prior Army Corps 
documents that limited the Mid Reach to 7.1 miles, instead of the full 7 . 6 miles. 
3. HR 2557 (from the 2004 draft Water Resources Development Act) that directs that the 
Secretary of the Army accept the results of the Independent Coastal Expert Study that found 
the federal government should assume fiscal responsibil ity for nourishing the North Reach for 
50 years. The study found that the federal government should assume all the costs associated 
with building and maintaining the North Reach to mitigate the historical erosive impacts of 
the federal navigation project at Port Canaveral on the North Reach beaches. If this 
legislation passes, Brevard County Tourist Development Council funds earmarked for the North 
Reach would become available for Mid Reach restoration. 

I am an avid swimmer, outdoorsman and find the rocks on t he beaches very dangerous and a true 
obstacle to safe recreation. 

Sincerely, 

Timothy J. Yeatman, M.D. 
2835 N Hi AlA 
Indialantic , FL 

This transmission may be confidential or protected from disclosure and is only for review and 
use by the intended recipient . Access by anyone else is unauthorized. Any unauthorized reader 
is hereby notified that any review, use, dissemination, disclosure or copying of this 
information, or any act or omission taken in reliance on it, is prohibited and may be 
unlawful . If you received this transmission in error, please notify the sender immediately. 
Thank you. 
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Stodola, Paul E SAJ 

From: 
Sent: 
To: 
Subject: 

Walter Coker [wcoker@folioweekly.com] 
Saturday, March 06, 2010 3:38 PM 
Stodola, Paul E SAJ 
Brevard Mid-Reach Project 

To Whom it May Concern, 

The proposed project for ''renourishment" in Brevard County is a disastrous and misguided 
undertaking, one that will destroy thriving wormrock habitat that provides for numerous 
species of sealife. In turn, it will destroy critical recreational fishing opportunities that 
are vital to local businesses. Yet another detrimental effect will be on the surfing 
community, as the reefs are vital to the creation of well - shaped waves that the area is 
notorious for. 

I grew up in Satellite Beach in the 60's and 70's, and still return a few times a year to 
surf this area because it offers such quality waves, a direct result of the wormrock reef 
this proposal will bury. When I visit, I spend money in local restaurants, shops, and hotels. 

I find it outrageous that this project is being pushed through without a proper dialogue 
between all of the parties it will affect. 

Please halt this process now until all of the options and opportunities have been explored! 

Walter Coker 
37 Sylvan Drive 
St. Augustine, FL 
32084 
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Stodola, Paul E SAJ 

From: 
Sent: 
To: 
Cc: 

Subject: 

ALEXZAK@aol.com 
Tuesday, March 09, 2010 3:11 PM 
Stodola, Paul E SAJ 
mcrotty@satellitebeach.org; ALEXZAK@aol.com; bfarsad@hotmail.com; 
facepush@hotmail.com; jimkenney@fairwaymgmt.com; ericbyrd@fairwaymgmt.com 
MID-REACH PROJECT ENDORSEMENT 

AS THE PRES IDENT OF THE OCEANS CONDO ASSOCIATION, I WANT TO STATE FOR THE RECORD THE 
ASSOCIATION'S FULL ENDORSEMENT OF THE MID-REACH SAND PROJECT . WE HAVE WAITED TOO LONG FOR 
THIS BEACH RENOURISHMENT PROJECT IN THE SATELLITE BEACH COMMUNITY. IT IS BOTH TIME CRITICAL 
AND ESSENTIAL TO THE CONTINUED GROWTH AND SUSTAINMENT OF OUR LOCAL ECONOMY. 

AL EX ZAKRZESKI JR. 
PRESIDENT, TH E OCEANS CONDO ASSOCIATION 
(321) 431 1679 
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Stodola, PaulE SAJ 

From: 
Sent: 
To: 
Subject: 

Bill Stein [wstein723@cfl.rr.com] 
Saturday, February 13,2010 12:59 PM 
Stodola, Paul E SAJ 
Brevard County mid-reach storm damage reduction study 

I attended the 2/12 Brevard county meeting and was impressed and in total agreement with the 
mid-reach beach nourishment project . Our condo is located on the beach and I have watched the 
steady erosion of the beach. I understand that the Cape Canaveral jetty contributes to sand 
starvation . I am on the Somerset Condo Board and represent our 12e units.We are in agreement 
that the project should be sta rted as soon as possible. 

Willi am Stein MD 
2e65 Highway AlA unit 1se1 
Indian Harbour Beach 32937 
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Stodola, Paul E SAJ 

From: 
Sent: 
To: 
Subject: 

Dear Sir/ Madam, 

jamesasavage@cfl.rr.com 
Wednesday, March 10, 2010 12:29 AM 
Stodola, Paul E SAJ 
Brevard Mid Reach Dredge & Fill 

As a Brevard County native and current resident of almost 49-years, I want to go on record 
that I am vehemently opposed to the Brevard Mid-Reach dredge and fill project that is being 
contemplated . 

I am an avid surfer and fisherman 1 and have pursued these activities in the mid-reach reef 
area for more than 35 years now. I'm still out there (in the surf/ on the beach) every 
chance I get (which is still pretty often). I own a home in Satellite Beach 1 pay taxes, and 
am raising a family (which includes my 3 sons who are also very fond of the unique beach that 
we have here) here. I shudder to think that in one fell swoop my/ our beach (and the 
lifestyle I love) can be taken from us by those with no real vested interest in my/ our beach 
under the guise of "renourishing a critically eroded beach". 

As one who actually uses this very valuable public natural resource (on a daily or at least 
very frequent regular basis), I, and the many, many like me, are the ones who stand to loose 
dearly should this project come to fruition. I genuinely care deeply for this very unique 
near shore marine environment. This mi d-reach area is not only home to near shore marine 
habitat t hat is of critical importance to many marine animal species (for exampl e, having 
surfed all over Florida, and the world for that matter1 I am always astonished to see the 
great numbers of juvenile sea turtles feeding along our mid-reach reefs) 1 but also to a 
number of surf breaks that are considered by many to be some of the best on the entire US 
east coast. Having witnessed first-hand the long-lasting negative effects on both marine 
life and the quality of the surf in the adjacent beach areas where "renourishment" has 
occurred, I have no doubt whatsoever that same dire 1 negative effects will al so occur in the 
mid-reach area. In fact, the negative ecological impacts of this project will endure long 
after the multi -million dollar sand deposit is gone from the beach. 

In the place of t he project as cont emplated, what I would l ike to see is the continuation of 
the dune and berm fill that has been done previously in thi s area . 

In closing, I urge you to fully consider the factors I've noted above prior to approving this 
project. 

Sincerely, 

James A. Savage 
316 Jupiter Drive 
Satellite Beach, FL 32937 
(321) 773-7088 (Home) 
(321) 431-6205 (Cell) 
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Stodola, PaulE SAJ 

From: 
Sent: 
To: 
Subject: 

matthew mitchell [mattsocean@yahoo.com] 
Sunday, March 07, 2010 10:52 AM 
Stodola, Paul E SAJ 
Satelite Beach Project 

To Whom it may concern) 
I am a Florida native who has enjoyed our eastern & western coastlines my whole life and 

consider them a gift from God. I know enough that when you mess with the natural accurances 
in a way that is unnatural like this plan for dredging and placing sand) and droppi ng coquina 
offshore is a bad idea. Pl ease l ook into other alternatives . Thank You . 
Respectfully ) 

Matthew Mitchell 
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Stodola, Paul E SAJ 

From: 
Sent: 
To: 
Subject: 

s s [ssgomezz@yahoo.com] 
Sunday, February 21 , 2010 8:24PM 
Stodola, Paul E SAJ 
brevard county midread question 

I have a question regarding theBrevard County Mid-Reach erosion-

My understanding is that the army corps of engineers was sued for the erosion caused by the 
construction of t he inlet at the Port of Canaveral. Is this true, and if so, are the funds 
from the lawsuit covering a portion of the beach (re)nourishment? And for how long will the 
f unds last? 

Thank you, 

Sylvia Correnti 

638 Ocean Street, Satellite Beach, FL 
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Stodola, Paul E SAJ 

From: 
Sent: 
To: 
Subject: 

Dear Sir or Madam: 

John Coyne [jemcoyne@gmail.com] 
Tuesday, March 09, 2010 7:50PM 
Stodola, Paul E SAJ 
Brevard Mid Reach 

The Army Corps of Engineers ha s a long history of engaging in projects that over the long run 
did more harm than good . That is why I am writing to express my objection to the Brevard Mid 
Reach project. Once again we have a CoE project benefitting only a few while we the taxpayers 
are forced to foot the bill. 

20 years from now will we look back and see that prime surfing and fishing spots were ruined, 
while the erosion problem hasn't really been solved because the dredged sand keeps washing 
away? 

Regards, 

John E. Coyne 

Concerned surfer 

13 



Stodola, Paul E SAJ 

From: 
Sent: 
To: 
Subject: 

ehanavan@knights.ucf.edu 
Sunday, February 21, 2010 8:34 AM 
Stodola, Paul E SAJ 
Beach Renourishment in lndiatlantic 

Just wanted to say that I am concerned with the plans to renourish beaches in Indiatlantic. I 
believe that dredging will cover the worm reef (brevard reef) in that area and kill large 
parts of it. I believe this because a judge in Palm Beach ruled against dredging for this 
very reason. His decision was supported by the opinions of several scientists among others. 

Here is where I heard about the court case: 
http://www.surfline.com/surf-news/environmental -news/palm-beach -county-chapter-winds-major 
court -battle 25071/ 

Thank you for your time, 
Pat Hanavan 
407 -453- 1171 

P.S. I'm starting to soften my stance on dredging in areas without reef. I'm not convinced 
it's that bad for the environment if reef isn ' t around. However, when reef is present it's a 
different story. 
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Stodola, Paul E SAJ 

From: 
Sent: 
To: 
Subject: 

Greg ltnyre [gitnyre@gmail.com] 
Saturday, March 06,2010 1:52PM 
Stodola. Paul E SAJ 
Stop the Dredge and Fill 

To Whom It May Concern: 

I strongly urge you to not allow the dredge and fill project in the Brevard County area and 
for the whole coast of Florida for that matter. This practice of beach re-nourishment is 
antiquated and a total waste of tax payers money. The detrimental envi ronmental effects of 
dredge and fill on Florida's coastline are far to heavy than to only provide sand for 
tourists and to save a beach front homes. Please recons ider your policy for beach 
renourishment . 

Sincerely) 

Greg Itnyre 
Environmental Scientist 
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Stodola, Paul E SAJ 

From: 
Sent: 
To: 
Subject: 

Lea Williamson [leaswain@yahoo.com] 
Saturday, March 06, 2010 10:47 AM 
Stodola, Paul E SAJ 
Reef fill project 

I moved back to brevard after a 15 year stint out west. I chose to live in satellite beach 
expressly for the good surf and uncrowded beaches. It's a real shame the army Corp wants to 
ruin the reef system. As a native to brevard my fishing) divingJ boating and 
surfing family remain in the area just for these activities. I for 
oneJ will promptly move north out of brevard if this plan goes through. I refuse to let my 
tax dollars be a part of destroying the only reason I returned to t he area just 6 months ago. 

I know dozens of florida west coast surfers who religously make the cross state journey at 
least once a month to surf in satellite and Patrick. If these waves are damaged you can rest 
assured it will have a significantly bad economic i mpact on the area when these 'west coast 
locals' quit coming. They support restrauntsJ hotelsJ surf 
establishments and the like with their money . 

I strongly suggest that to REALLY benefit the economy of the area as well as he local 
environment STOP this insane project. 

Lea Williamson 
698 Atlantic drive 
Satellite Beach Fl 

Be Grateful 
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Stodola, Paul E SAJ 

From: 
Sent: 
To: 

Paul Ferraro [pferraro@gggai.com] 
Wednesday, March 10,2010 3:13PM 
Stodola, Paul E SAJ 

Subject: Brevard mid reach 

As a resident and property owner in Satellite Beach, FL. I have recently read an article 
regarding the Brevard mid reach and find myself very disappointed and disturbed about the 
whole i dea. I n my opinion to cover a reefs that have been in place for years before any of 
our existence is irresponsible and detrimental to nature. We live in a beautiful area of the 
country and this is the reason many of us live here. There are nice beaches, good surfing, 
good fishing. To propose an idea to cover all of the reefs in this area would potentially 
destroy some of the natural beauty of our coastl ine not to mention change the surf breaks, 
the fishing and wildlife environment that many of us enjoy so much. 

The damage to the ecosystem could potentially prove to be irreversible . There are many 
residents i n this area who live in this area (myself included) for those very reasons. There 
are also many travelers who visit this area for those same reasons. This will definitely have 
an affect on the l ocal economy as without this allure many will skip their visits to t his 
area all together. 

As a taxpayer in Satellite Beach I am also very disappointed as I was never given any voting 
rites as to this matter. 

I can only hope and pray that the government makes the right decision and does not go t hrough 
with this ridiculous plan. Many will be very disappointed . 

Paul Ferraro, LPA 
Goodman-Gable-Gould/Adjusters International 
6767 N Wickham Road Suite 5e1 
Melbourne, Florida 3294e 
Phone: 321-255 -1434 
Fax: 321-255-1142 
Cell: 321-848 -7782 
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Stodola, Paul E SAJ 

From: 
Sent: 
To: 
Subject: 

Dave Gamble [drgamble@yahoo.com] 
Thursday, March 04,2010 7:22PM 
Stodola, Paul E SAJ 
dredge/fill 

Please don't do this. Leave the midreach worm reef/rock alone!!!!!!!!!!!!!!!! 
Stop this dredging now!!!!! It is a GIANT wasted of taxpayer money!!!!!!!!!!!! 
STOP IT. 

carpe diem! 
Dave. 
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Stodola, Paul E SAJ 

From: 
Sent: 
To: 
Subject: 

Henry Fang [he957378@yahoo.com] 
Sunday, March 07, 2010 3:33PM 
Stodola, Paul E SAJ 
Concerned citizen 

STOP THE DREDGE! It will destroy the ecosystem! 
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Stodola, Paul E SAJ 

From: 
Sent: 
To: 
Cc: 
Subject: 

Dear Sirs, 

Tom & Lacy Holtzworth [holtztl@cox.net] 
Sunday, March 07, 2010 8:05AM 
Stodola, Paul E SAJ 
Surfrider Foundation Florida Chapter Network 
Brevard Mid Reach 

I am in solidarity with the Surfrider Foundation Florida Chapter Network in my disapproval of 
this project . Not only for the (dys)functional and environmental reasons listed below, but 
additionally because I do not approve of the expenditure of FL state tax revenue being spent 
on a project designed to benefit a few elite coastal dwellers while our schools and other 
critical programs ar e facing severe budget cuts. The evidence supporting the folly of this 
plan is overwhelming; please seriously consider the negative impacts of this project and 
prevent its implementation. 

1. We as stakeholders were left out of process, and have the most to lose. 
2. The project hurts the local economy and destroys natural habitat . 
3 . The mitigation reef is unproven and may not be effective. 
4. The project is a waste of money, may not be effective, and may even prove dangerous to 
human lives. 

Sincerely, 
Tom Holtzworth 
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Stodola, Paul E SAJ 

From: Sadowski, Irene SAJ 
Sent: 
To: 

Tuesday, March 09. 2010 10:06 AM 
Stodola, PaulE SAJ 

Subject: Mid reach objection 

Paul) 

Please forward t his to the appropriate person. Ms. Scotty Culp called this morning and would 
like to have her opinion known that she is opposed to the project. Please have someone call 
her at 321-773 -8391 . 

Irene 

Irene F. Sadowski 
Chief) Cocoa Permits Section 
400 High Point Drive) Suite 600 
Cocoa) Florida 32926 

Phone: 321-504-3771 extension 12 
Fax: 321-504-3803 

Please assist us in better serving you! 
Please complete the customer survey by 
clicking on the following link: 
http://per2.nwp.usace.army.mil/survey.html <http://per2 .nwp.usace.army . mil/survey.html> 
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Stodola, Paul E SAJ 

From: 
Sent: 
To: 

Randy Carner [randyiscool9021 O@yahoo.com) 
Sunday, March 07, 2010 9:04AM 
Stodola, Paul E SAJ 

please dont dredge out the reef ... surfing brings tourism to brevard especially in 
satellite .. i think it is complete utter crap to even think about dredging it .. 
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Stodola, Paul E SAJ 

From: 
Sent: 
To: 
Subject: 

Hello, 

cwhittaker2@cfl.rr.com 
Monday, March 08, 2010 11:30 AM 
Stodola, Paul E SAJ 
Brevard Mid Reach 

My name is Jarrod Whittaker I ' m 19, and I live in South Merritt Island. I am writing to voice 
my opinion against your proposed dredge and fill project that will ruin several of my 
favorite surf spots from Satelite beach to the Indian Harbor beaches. The project will ruin 
several breaks that my friends and I have enjoyed over t he years and have been there since my 
dad was in high school and surfed the same spots. The project will also ruin the beach for 
the many fisherman that I see on the beach in the morning. There are also many environmental 
problems, that Im sure you are aware of, that will happen if you cover up natural reefs with 
what you call sand that is dredged up from far off the coast. The r eef allows for juvenile 
sea turtle to grow and is an essential envi ronment for grouper to live. All this harm to the 
environment is to go toward a mitigation reef that has not been proven to be effective and 
will be a waste of $150 million taxpayer dollars over the next 30 years. The project is not 
going to hel p the beaches with erosion, since that is a natural cycl e and will be repl enished 
with actual sand, it is all for the condo buildings on t he water. I just wanted to take a 
moment to voice my concern fo r the possible loss of several surf spots that I love, and for 
the fisherman and divers who love the reef and all that it provides to the citizens of 
Brevard. 
Sincerely, 
Jarrod Whittaker 
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Stodola, Paul E SAJ 

From: 
Sent: 
To: 
Subject: 

NO NO NO 

Ben Campbell [campben@gmail.com] 
Monday, March 08,2010 10:30 AM 
Stodola, Paul E SAJ 
Brevard Mid Reach 

The project hurts the local economy and destroys natural habitat. 
The mitigation reef is unproven and may not be effective. 
The project is a waste of moneyJ may not be effectiveJ and may even prove dangerous to human 
lives. 

CampbellJ Benjamin C 
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Stodola, Paul E SAJ 

From: 
Sent: 
To: 

chuck berry [chuk1776@yahoo.com] 
Tuesday, March 09, 2010 8:19 PM 
Stodola, Paul E SAJ 

please dont waste my tax dollars destroying a reef to save a condo . thankyou charles berry 
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Stodola, Paul E SAJ 

From: 
Sent: 
To: 
Subject: 

Hello, 

Adam Riley [crazyguyinthejungle@yahoo.com] 
Thursday, March 11,2010 2:18PM 
Stodola, Paul E SAJ 
dredge and fill project 

I am writing to voice my disapproval at the Brevard country dredging project. I feel it is 
terrible decision that will cost our state millions for nothing more than a wrecked reef and 
a bruised local economy. I urge you to reconsider this project and decide against it. 

Thank you, 
Adam Riley 
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Stodola, PaulE SAJ 

From: damy5@juno.com 
Sent: 
To: 

Tuesday, March 09, 2010 10:07 PM 
Stodola, Paul E SAJ 

Subject: Against mid-reach sand dredge and fill 

To whom it may concern) 

Please put me down as against covering the rocks of Satellite Beach and Indian Harbor (mid
reach). I think it is a very poor idea . 

Sincerly 

David Reid 
1ee Hilliard Lane 
Merritt Island Florida 
32952 

Get Free Email with Video Mail & Video Chat! 
http: //www.juno.com/ freeemail?refcd=JUTAGOUT1FREMe21e 
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Stodola, Paul E SAJ 

From: 
Sent: 
To: 
Subject: 

SubWayJim2@aol.com 
Saturday, February 13, 2010 6:09PM 
Stodola, PaulE SAJ 
beach restoration 

I am in Favor of adding sand to our beaches in Brevard county. 
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Stodola, Paul E SAJ 

From: 
Sent: 
To: 
Subject: 

Anthony Woolf [anthony.woolf@gmail.com] 
Friday, March 05, 2010 6:39 PM 
Stodola, Paul E SAJ 
brevard project 

This is a horrible project, don't do it. generations wil l pay the price . 
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Stodola, Paul E SAJ 

From: 
Sent: 
To: 
Subject: 

Burritt Joan [joanburritt@bellsouth.net] 
Tuesday, March 09, 2010 12:56 PM 
Stodola, Paul E SAJ 
Dredging off Brevard Beaches. 

I am very much against this project . We own a time share in the Florida Keys. After bridge
building in the Florida Keys~ it was at least five years before signs of lif e returned to 
some areas and I am sure some marine life was permanently altered in both quantity and 
quality . The waters were murky and i n pl aces downright unpleasant for swimming and certainly 
not fit for diving . I can only imagine what repeated dredging will do to the waters off 
Brevard!! If tour ism is the goal, then keep our beaches and reefs as nature intended--it i s 
the reason people come here to fish , surf and have f un in the water. We will not improve 
tourism this way, we will destroy it!! 

Joan Burritt 
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Stodola, Paul E SAJ 

From: 
Sent: 
To: 
Subject: 

Sirs, 

james thomas [mermen@earthlink.net] 
Sunday, March 07, 2010 8:39PM 
Stodola, Paul E SAJ 
Brevard Mid Reach 

Do not sacrifice the natural environment of the Florida Coast. We don't have much left. 
Plans like this are turning Florida into a garbage dump. Stop serving the corporate interests 
and preserve our coast. This plan is worthless and will cause too much damage to the already 
fragile Florida Coast. 

Thank You) 
James Thomas, Stuart Florida 
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Stodola, Paul E SAJ 

From: 
Sent: 
To: 
Subject: 

Tim Riley [timrtiger@hotmail.com] 
Friday, March 05, 2010 7:43PM 
Stodola, Paul E SAJ 
Dredge and Fill. .. NO NO NO! 

Please do not ruin some of the best recreational surf spots for miles around . this is not 
good for us or the nearshore environment . 

TIM RILEY Ti mRTiger@hotmail.com 
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Stodola, PaulE SAJ 

From: 
Sent: 
To: 
Subject: 

Roseanna Ovington [rovington@cfl.rr.com] 
Tuesday, March 09, 2010 10:46 PM 
Stodola, Paul E SAJ 
Protest Against Brevard Mid Reach 

I strongly protest this outrageous breach of our fragile eco system for the below reasons and 
more: 
1. We as stakeholders were left out of processJ and have the most to lose. 
2. The project hurts the local economy and destroys natural habitat . 
3. The mitigation reef is unproven and may not be effective . 
4. The project is a waste of moneyJ may not be effective) and may even prove dangerous to 
human lives. 
Please hear my voice and many other concerned citizens. 
Thank YouJ 

Roseanna Ovington 
Florida resident) homeowner) voterJ surfer and Surfrider member 
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Stodola, Paul E SAJ 

From: 
Sent: 
To: 
Subject: 

Czetyrko, Joanna M. Ooannacz@ufl.edu] 
Tuesday, March 09, 2010 11 :36 PM 
Stodola, PaulE SAJ 
Brevard Mid-Reach 

Please do NOT destroy our reef! 

Czetyrko, Joanna M. 
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U.S Army Corps of Engineers 
Attention Eddie Douglas 
Jackson District 
P.O. Box 4970 
Jacksonville, FL 32232-0019 

Majesty Palms 
925 Hwy A1A 
Satellite Beach Fl 32937 

Dear Eddie Douglas, 

In regards to the Brevard , 2012 Mid-Reach Dune Resto1ation Project announced 
at the February meeting held in Melbourne by the U.S. Corps of Engineers 
please find our concerns and support for the recommended plan to re-nourish 
our beach area. 

Satellite Beach area falls under Reach 5 which means that our section our 
section of the beach is scheduled for restoration of our dune and ten feet of 
beach. 

The homeowners of the Majesty Palm Condominium support the dune and beach 
restoration in the Mid Reach section of Brevard County. We have been dealing 
with this re-nourishment issue ever since our building was constructed in 
2001 . At that time, Brevard County gave our builder a permit to build at our 
location, even though the County knew of the Mid-Reach dilemma. 

From that moment on we have requested assistance from the U.S. Corp of 
Engineers, the State of Florida, Brevard County, and Satellite Beach , to help us 
retain the beach. A beach that is eroding because of work done at Cape 
Canaveral by the U.S. Corps of Engineers many years ago. 

Now, our beach erosion is occurring more quickiy since the beach above and 
below the 7.1 miles of the Mid-Reach area has had full beach re-nourishment. 

Again, we are being left out of receiving full beach re-nourishment because of our 
environmentally protected worm habitats, which ironically only occur when there 
is beach erosion . 

We became inhabitants of this condo just like the worms became inhabitants of 
the coquina rocks, yet our home is not fully protected by the Federal, State, and 
local governments. Then why do we pay a premium property tax? To live on a 
beach that is disappearing right before our eyes? 



We have lived through the hurricanes of 2004 and saw for ourselves the 
destruction that occurred. We saw Hightower Park almost totally submerged 
underwater and Highway A 1A within a few feet of getting washed out. We have 
seen the walkovers at the park, as well as ours, beings washed out to sea and 
making it dangerous to get to the beach. 

We have seen less turtles nesting on our beach because they can't get through 
the rocks. We have seen surfers avoid cur area for fenr of being knocked out by 
the rocks. We have seen tourists and locals slip on the rocks as they try to make 
their way out into the ocean. 

We appreciate any sand put on our beach and totally support the 2012 dune 
restoration that was announced to us at the February meeting by the U.S. Corps 
of Engineers. But the truth is the Mid-reach Section 5 needs full beach re
nourishment! Somewhere in this federal project that is immersed in "red tape," 
please find a way to make us whole again by providing to our beach what the 
rest of Brevard County beaches get- Full Beach Renourishment. 

Sincerely, 



~ 
US Army Corps 
of Engineers. 
JacksonVIlle District 
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TO: 

EASTWIND CONDOMINIUM ASSOCIATION 
1455 Highway A1A, Satellite Beach, FL 32937-5410 

(321) 773-9313 

February 17, 2010 

U.S. Army Corps of Engineers, Jacksonville District 

FROM: Eastwind Condominium Association 
1455 Highway A1A 
Satellite Beach, FL 32937 

RE: Brevard County Mid-Reach Project 

Since the devastating hurricanes of 2004, our oceanfront condo 
association has worked very hard to rebuild and maintain our dunes and 
oceanfront beach. 

We have used our own monies, our own volunteer help and worked 
willingly with all agencies and groups to improve our beaches, until a final beach 
restoration solution is reached. 

We are committed to continue our efforts and support the process as you 
move toward a long term resolution. 

On your next visit to our area we invite you to inspect our ongoing efforts. 

Thank you. 
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U.S Army Corps of Engineers 
Attention Eddie Douglas 
Jackson District 
P.O. Box 4970 
Jacksonville, FL 32232-0019 

Majesty Palms 
925 Hwy A1A 
Satellite Beach Fl 32937 

Dear Eddie Douglas, 

In regards to the Brevard, 2012 Mid-Reach Dune Restoration Project announced 
at the February meeting held in Melbourne by the U.S. Corps of Engineers 
please find our concerns and support for the recommended plan to re-nourish 
our beach area. 

Satellite Beach area falls under Reach 5 which means that our section our 
section of the beach is scheduled for restoration of our dune and ten feet of 
beach. 

The homeowners of the Majesty Palm Condominium support the dune and beach 
restoration in the Mid Reach section of Brevard County. We have been dealing 
with this re-nourishment issue ever since our building was constructed in 
2001. At that time, Brevard County gave our builder a permit to build at our 
location, even though the County knew of the Mid-Reach dilemma. 

From that moment on we have requested assistance from the U.S. Corp of 
Engineers, the State of Florida, Brevard County, and Satellite Beach, to help us 
retain the beach. A beach that is eroding because of work done at Cape 
Canaveral by the U.S. Corps of Engineers many years ago. 

Now, our beach erosion is occurring more quickly since the beach above and 
below the 7.1 miles of the Mid-Reach area has had full beach re-nourishment. 

Again, we are being left out of receiving full beach re-nourishment because of our 
environmentally protected worm habitats, which ironically only occur when there 
is beach erosion. 

We became inhabitants of this condo just like the worms became inhabitants of 
the coquina rocks, yet our home is not fully protected by the Federal, State, and 
local governments. Then why do we pay a premium property tax? To live on a 
beach that is disappearing right before our eyes? 



We have lived through the hurricanes of 2004 and saw for ourselves the 
destruction that occurred . We saw Hightower Park almost totally submerged 
underwater and Highway A1A within a few feet of getting washed out. We have 
seen the walkovers at the park, as well as ours, beings washed out to sea and 
making it dangerous to get to the beach. 

We have seen less turtles nesting on our beach because they can't get through 
the rocks. We have seen surfers avoid our area for fear of being knocked out by 
the rocks. We have seen tourists and locals slip on the rocks as they try to make 
their way out into the ocean. 

We appreciate any sand put on our beach and totally support the 2012 dune 
restoration that was announced to us at the February meeting by the U.S. Corps 
of Engineers. But the truth is the Mid-reach Section 5 needs full beach re
nourishment! Somewhere in this federal project that is immersed in "red tape," 
please find a way to make us whole again by providing to our beach what the 
rest of Brevard County beaches get- Full Beach Renourishment. 

Sincerely, 

~~ 
Majesty Palm Resident 
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Jackson District 
P.O. Box 4970 
Jacksonville, FL 32232-0019 

Majesty Palms 
925 Hwy A1A 
Satellite Beach Fl 32937 

Dear Eddie Douglas, 

In regards to the Brevard, 2012 Mid-Reach Dune Restoration Project announced 
at the February meeting held in Melbourne by the U.S. Corps of Engineers 
please find our concerns and support for the recommended plan to re-nourish 
our beach area. 

Satellite Beach area falls under Reach 5 which means that our section our 
section of the beach is scheduled for restoration of our dune and ten feet of 
beach. 

The homeowners of the Majesty Palm Condominium support the dune and beach 
restoration in the Mid Reach section of Brevard County. We have been dealing 
with this re-nourishment issue ever since our building was constructed in 
2001. At that time, Brevard County gave our builder a permit to build at our 
location, even though the County knew of the Mid-Reach dilemma. 

From that moment on we have requested assistance from the U.S. Corp of 
Engineers, the State of Florida, Brevard County, and Satellite Beach, to help us 
retain the beach. A beach that is eroding because of work done at Cape 
Canaveral by the U.S. Corps of Engineers many years ago. 

Now, our beach erosion is occurring more quickly since the beach above and 
below the 7.1 miles of the Mid-Reach area has had full beach re-nourishment. 

Again, we are being left out of receiving full beach re-nourishment because of our 
environmentally protected worm habitats, which ironically only occur when there 
is beach erosion. 

We became inhabitants of this condo just like the worms became inhabitants of 
the coquina rocks, yet our home is not fully protected by the Federal, State, and 
local governments. Then why do we pay a premium property tax? To live on a 
beach that is disappearing right before our eyes? 



We have lived through the hurricanes of 2004 and saw for ourselves the 
destruction that occurred. We saw Hightower Park almost totally submerged 
underwater and Highway A 1A within a few feet of getting washed out. We have 
seen the walkovers at the park, as well as ours, beings washed out to sea and 
making it dangerous to get to the beach. 

We have seen less turtles nesting on our beach because they can't get through 
the rocks. We have seen surfers avoid our area for fear of being knocked out by 
the rocks. We have seen tourists and locals slip on the rocks as they try to make 
their way out into the ocean. 

We appreciate any sand put on our beach and totally support the 2012 dune 
restoration that was announced to us at the February meeting by the U.S. Corps 
of Engineers. But the truth is the Mid-reach Section 5 needs full beach re
nourishment! Somewhere in this federal project that is immersed in "red tape," 
please find a way to make us whole again by providing to our beach what the 
rest of Brevard County beaches get- Full Beach Renourishment. 

/"4-7~~L ~_go; 
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2001. At that time, Brevard County gave our builder a permit to build at our 
location, even though the County knew of the Mid-Reach dilemma. 
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Engineers, the State of Florida, Brevard County, and Satellite Beach, to help us 
retain the beach. A beach that is eroding because of work done at Cape 
Canaveral by the U.S. Corps of Engineers many years ago. 
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We have lived through the hurricanes of 2004 and saw for ourselves the 
destruction that occurred. We saw Hightower Park almost totally submerged 
underwater and Highway A 1 A within a few feet of getting washed out. We have 
seen the walkovers at the park, as well as ours, beings washed out to sea and 
making it dangerous to get to the beach. 

We have seen less turtles nesting on our beach because they can't get through 
the rocks. We have seen surfers avoid our area for fear of being knocked out by 
the rocks. We have seen tourists and locals slip on the rocks as they try to make 
their way out into the ocean. 

We appreciate any sand put on our beach and totally support the 2012 dune 
restoration that was announced to us at the February meeting by the U.S. Corps 
of Engineers. But the truth is the Mid-reach Section 5 needs full beach re
nourishment! Somewhere in this federal project that is immersed in "red tape," 
please find a way to make us whole again by providing to our beach what the rest 
of Brevard County beaches get - Full Beach Renourishment. 

Sinif- /..A 
Majesty Palm Resident 

L I\Q_{\"\:.. G\ (A.(\,''-. ~\\. IL\-\ 



U.S Army Corps of Engineers 
Attention Eddie Douglas 
Jackson District 
P.O. Box 4970 
Jacksonville, FL 32232-0019 

Majesty Palms 
925 Hwy A1A 
Satellite Beach Fl 32937 

Dear Eddie Douglas, 

In regards to the Brevard, 2012 Mid-Reach Dune Restoration Project announced 
at the February meeting held in Melbourne by the U.S. Corps of Engineers 
please find our concerns and support for the recommended plan to re-nourish 
our beach area. 

Satellite Beach area falls under Reach 5 which means that our section our 
section of the beach is scheduled for restoration of our dune and ten feet of 
beach. 

The homeowners of the Majesty Palm Condominium support the dune and beach 
restoration in the Mid Reach section of Brevard County. We have been dealing 
with this re-nourishment issue ever since our building was constructed in 
2001. At that time, Brevard County gave our builder a permit to build at our 
location, even though the County knew of the Mid-Reach dilemma. 

From that moment on we have requested assistance from the U.S. Corp of 
Engineers, the State of Florida, Brevard County, and Satellite Beach , to help us 
retain the beach . A beach that is eroding because of work done at Cape 
Canaveral by the U.S. Corps of Engineers many years ago. 

Now, our beach erosion is occurring more quickly since the beach above and 
below the 7.1 miles of the Mid-Reach area has had full beach re-nourishment. 

Again , we are being left out of receiving full beach re-nourishment because of our 
environmentally protected worm habitats, which ironically only occur when there 
is beach erosion . 

We became inhabitants of this condo just like the worms became inhabitants of 
the coquina rocks, yet our home is not fully protected by the Federal, State, and 
local governments. Then why do we pay a premium property tax? To live on a 
beach that is disappearing right before our eyes? 



We have lived through the hurricanes of 2004 and saw for ourselves the 
destruction that occurred. We saw Hightower Park almost totally submerged 
underwater and Highway A1A within a few feet of getting washed out. We have 
seen the walkovers at the park, as well as ours, beings washed out to sea and 
making it dangerous to get to the beach. 

We have seen less turtles nesting on our beach because they can't get through 
the rocks. We have seen surfers avoid our area for fear of being knocked out by 
the rocks. We have seen tourists and locals slip on the rocks as they try to make 
their way out into the ocean. 

We appreciate any sand put on our beach and totally support the 2012 dune 
restoration that was announced to us at the February meeting by the U.S. Corps 
of Engineers. But the truth is the Mid-reach Section 5 needs full beach re
nourishment! Somewhere in this federal project that is immersed in "red tape," 
please find a way to make us whole again by providing to our beach what the 
rest of Brevard County beaches get - Full Beach Renourishment. 

Sincerely, 

~14; -~ 
Majesty Palm Resident 



U.S Army Corps of Engineers 
Attention Eddie Douglas 
Jackson District 
P.O. Box 4970 
Jacksonville, FL 32232-0019 

Majesty Palms 
925 Hwy A1A 
Satellite Beach Fl 32937 

Dear Eddie Douglas, 

In regards to the Brevard, 2012 Mid-Reach Dune Restoration Project announced 
at the February meeting held in Melbourne by the U.S. Corps of Engineers 
please find our concerns and support for the recommended plan to re-nourish 
our beach area. 

Satellite Beach area falls under Reach 5 which means that our section our 
section of the beach is scheduled for restoration of our dune and ten feet of 
beach. 

The homeowners of the Majesty Palm Condominium support the dune and beach 
restoration in the Mid Reach section of Brevard County. We have been dealing 
with this re-nourishment issue ever since our building was constructed in 
2001 . At that time, Brevard County gave our builder a permit to build at our 
location, even though the County knew of the Mid-Reach dilemma. 

From that moment on we have requested assistance from the U.S. Corp of 
Engineers, the State of Florida, Brevard County, and Satellite Beach, to help us 
retain the beach. A beach that is eroding because of work done at Cape 
Canaveral by the U.S. Corps of Engineers many years ago. 

Now, our beach erosion is occurring more quickly since the beach above and 
below the 7.1 miles of the Mid-Reach area has had full beach re-nourishment. 

Again, we are being left out of receiving full beach re-nourishment because of our 
environmentally protected worm habitats, which ironically only occur when there 
is beach erosion. 

We became inhabitants of this condo just like the worms became inhabitants of 
the coquina rocks, yet our home is not fully protected by the Federal, State, and 
local governments. Then why do we pay a premium property tax? To live on a 
beach that is disappearing right before our eyes? 



We have lived through the hurricanes of 2004 and saw for ourselves the 
destruction that occurred. We saw Hightower Park almost totally submerged 
underwater and Highway A1A within a few feet of getting washed out. We have 
seen the walkovers at the park, as well as ours, beings washed out to sea and 
making it dangerous to get to the beach. 

We have seen less turtles nesting on our beach because they can't get through 
the rocks. We have seen surfers avoid our area for fear of being knocked out by 
the rocks. We have seen tourists and locals slip on the rocks as they try to make 
their way out into the ocean. 

We appreciate any sand put on our beach and totally support the 2012 dune 
restoration that was announced to us at the February meeting by the U.S. Corps 
of Engineers. But the truth is the Mid-reach Section 5 needs full beach re
nourishment! Somewhere in this federal project that is immersed in "red tape," 
please find a way to make us whole again by providing to our beach what the 
rest of Brevard County beaches get- Full Beach Renourishment. 

Sincerely, 

~-z-~ ~ f!.ift;:.v "1-- (! 4-j::;.. ) ~~ 
Majesty Palm Resident 



U.S Army Corps of Engineers 
Attention Eddie Douglas 
Jackson District 
P.O. Box 4970 
Jacksonville, FL 32232-0019 

Majesty Palms 
925 Hwy A1A 
Satellite Beach Fl 32937 

Dear Eddie Douglas, 

In regards to the Brevard, 2012 Mid-Reach Dune Restoration Project announced 
at the February meeting held in Melbourne by the U.S. Corps of Engineers 
please find our concerns and support for the recommended plan tore-nourish 
our beach area. 

Satellite Beach area falls under Reach 5 which means that our section our 
section of the beach is scheduled for restoration of our dune and ten feet of 
beach. 

The homeowners of the Majesty Palm Condominium support the dune and beach 
restoration in the Mid Reach section of Brevard County. We have been dealing 
with this re-nourishment issue ever since our building was constructed in 
2001. At that time, Brevard County gave our builder a permit to build at our 
location, even though the County knew of the Mid-Reach dilemma. 

From that moment on we have requested assistance from the U.S. Corp of 
Engineers, the State of Florida, Brevard County, and Satellite Beach, to help us 
retain the beach. A beach that is eroding because of work done at Cape 
Canaveral by the U.S. Corps of Engineers many years ago. 

Now, our beach erosion is occurring more quickly since the beach above and 
below the 7.1 miles of the Mid-Reach area has had full beach re-nourishment. 

Again, we are being left out of receiving full beach re-nourishment because of our 
environmentally protected worm habitats, which ironically only occur when there 
is beach erosion. 

We became inhabitants of this condo just like the worms became inhabitants of 
the coquina rocks, yet our home is not fully protected by the Federal, State, and 
local governments. Then why do we pay a premium property tax? To live on a 
beach that is disappearing right before our eyes? 



~ . 

We have lived through the hurricanes of 2004 and saw for ourselves the 
destruction that occurred . We saw Hightower Park almost totally submerged 
underwater and Highway A 1A within a few feet of getting washed out. We have 
seen the walkovers at the park, as well as ours, beings washed out to sea and 
making it dangerous to get to the beach. 

We have seen less turtles nesting on our beach because they can't get through 
the rocks. We have seen surfers avoid our area for fear of being knocked out by 
the rocks. We have seen tourists and locals slip on the rocks as they try to make 
their way out into the ocean. 

We appreciate any sand put on our beach and totally support the 2012 dune 
restoration that was announced to us at the February meeting by the U.S. Corps 
of Engineers. But the truth is the Mid-reach Section 5 needs full beach re
nourishment! Somewhere in th is federa l project that is immersed in "red tape," 
please find a way to make us whole again by providing to our beach what the 
rest of Brevard County beaches get- Full Beach Renourishment. 

Sincerely, 

GJ-,.,.. . ..._;_} ~L 
Majesty Palm Resident 



U.S Army Corps of Engineers 
Attention Eddie Douglas 
Jackson District 
P.O. Box 4970 
Jacksonville, FL 32232-0019 

Majesty Palms 
925 Hwy A1A 
Satellite Beach Fl 32937 

Dear Eddie Douglas, 

In regards to the Brevard, 2012 Mid-Reach Dune Restoration Project announced 
at the February meeting held in Melbourne by the U.S. Corps of Engineers 
please find our concerns and support for the recommended plan to re-nourish 
our beach area. 

Satellite Beach area falls under Reach 5 which means that our section our 
section of the beach is scheduled for restoration of our dune and ten feet of 
beach. 

The homeowners of the Majesty Palm Condominium support the dune and beach 
restoration in the Mid Reach section of Brevard County. We have been dealing 
with this re-nourishment issue ever since our building was constructed in 
2001. At that time, Brevard County gave our builder a permit to build at our 
location, even though the County knew of the Mid-Reach dilemma. 

From that moment on we have requested assistance from the U.S. Corp of 
Engineers, the State of Florida, Brevard County, and Satellite Beach, to help us 
retain the beach. A beach that is eroding because of work done at Cape 
Canaveral by the U.S. Corps of Engineers many years ago. 

Now, our beach erosion is occurring more quickly since the beach above and 
below the 7.1 miles of the Mid-Reach area has had full beach re-nourishment. 

Again, we are being left out of receiving full beach re-nourishment because of our 
environmentally protected worm habitats, which ironically only occur when there 
is beach erosion. 

We became inhabitants of this condo just like the worms became inhabitants of 
the coquina ·rocks, yet our home is not fully protected by the Federal, State, and 
local governments. Then why do we pay a premium property tax? To live on a 
beach that is disappearing right before our eyes? 



.. 

We have lived through the hurricanes of 2004 and saw for ourselves the 
destruction that occurred. We saw Hightower Park almost totally submerged 
underwater and Highway A 1A within a few feet of getting washed out. We have 
seen the walkovers at the park, as well as ours, beings washed out to sea and 
making it dangerous to get to the beach. 

We have seen less turtles nesting on our beach because they can't get through 
the rocks. We have seen surfers avoid our area for fear of being knocked out by 
the rocks. We have seen tourists and locals slip on the rocks as they try to make 
their way out into the ocean. 

We appreciate any sand put on our beach and totally support the 2012 dune 
restoration that was announced to us at the February meeting by the U.S. Corps 
of Engineers. But the truth is the Mid-reach Section 5 needs full beach re
nourishment! Somewhere in this federal project that is immersed in "red tape," 
please find a way to make us whole again by providing to our beach what the 
rest of Brevard County beaches get- Full Beach Renourishment. 

Sincerely, _ ] ~"" 

ci~~~ ~(/d!b-



U.S Army Corps of Engineers 
Attention Eddie Douglas 
Jackson District 
P.O. Box 4970 
Jacksonville, FL 32232-0019 

Majesty Palms 
925 Hwy A1A 
Satellite Beach Fl 32937 

Dear Eddie Douglas, 

In regards to the Brevard, 2012 Mid-Reach Dune Restoration Project announced 
at the February meeting held in Melbourne by the U.S. Corps of Engineers 
please find our concerns and support for the recommended plan to re-nourish 
our beach area. 

Satellite Beach area falls under Reach 5 which means that our section our 
section of the beach is scheduled for restoration of our dune and ten feet of 
beach. 

The homeowners of the Majesty Palm Condominium support the dune and beach 
restoration in the Mid Reach section of Brevard County. We have been dealing 
with this re-nourishment issue ever since our building was constructed in 
2001 . At that time, Brevard County gave our builder a permit to build at our 
location, even though the County knew of the Mid-Reach dilemma. 

From that moment on we have requested assistance from the U.S. Corp of 
Engineers, the State of Florida, Brevard County, and Satellite Beach, to help us 
retain the beach. A beach that is eroding because of work done at Cape 
Canaveral by the U.S. Corps of Engineers many years ago. 

Now, our beach erosion is occurring more quickly since the beach above and 
below the 7.1 miles of the Mid-Reach area has had full beach re-nourishment. 

Again, we are being left out of receiving full beach re-nourishment because of our 
environmentally protected worm habitats, which ironically only occur when there 
is beach erosion. 

We became inhabitants of this condo just like the worms became inhabitants of 
the coquina rocks, yet our home is not fully protected by the Federal, State, and 
local governments. Then why do we pay a premium property tax? To live on a 
beach that is disappearing right before our eyes? 



We have lived through the hurricanes of 2004 and saw for ourselves the 
destruction that occurred . We saw Hightower Park almost totally submerged 
underwater and Highway A 1A within a few feet of getting washed out. We have 
seen the walkovers at the park, as well as ours, beings washed out to sea and 
making it dangerous to get to the beach. 

We have seen less turtles nesting on our beach because they can't get through 
the rocks. We have seen surfers avoid our area for fear of being knocked out by 
the rocks. We have seen tourists and locals slip on the rocks as they try to make 
their way out into the ocean. 

We appreciate any sand put on our beach and totally support the 2012 dune 
restoration that was announced to us at the February meeting by the U.S. Corps 
of Engineers. But the truth is the Mid-reach Section 5 needs full beach re
nourishment! Somewhere in this federal project that is immersed in "red tape," 
please find a way to make us whole again by providing to our beach what the 
rest of Brevard County beaches get- Full Beach Renourishment. 

Sincerely, 

·~~ 
Majesty Palm Resident 



U.S Army Corps of Engineers 
Attention Eddie Douglas 
Jackson District 
P.O. Box 4970 
Jacksonville, FL 32232-0019 

Majesty Palms 
925 Hwy A1A 
Satellite Beach Fl 32937 

Dear Eddie Douglas, 

In regards to the Brevard, 2012 Mid-Reach Dune Restoration Project announced 
at the February meeting held in Melbourne by the U.S. Corps of Engineers 
please find our concerns and support for the recommended plan tore-nourish 
our beach area. 

Satellite Beach area falls under Reach 5 which means that our section our 
section of the beach is scheduled for restoration of our dune and ten feet of 
beach. 

The homeowners of the Majesty Palm Condominium support the dune and beach 
restoration in the Mid Reach section of Brevard County. We have been dealing 
with this re-nourishment issue ever since our building was constructed in 
2001. At that time, Brevard County gave our builder a permit to build at our 
location, even though the County knew of the Mid-Reach dilemma. 

From that moment on we have requested assistance from the U.S. Corp of 
Engineers, the State of Florida, Brevard County, and Satellite Beach, to help us 
retain the beach. A beach that is eroding because of work done at Cape 
Canaveral by the U.S. Corps of Engineers many years ago. 

Now, our beach erosion is occurring more quickly since the beach above and 
below the 7.1 miles of the Mid-Reach area has had full beach re-nourishment. 

Again, we are being left out of receiving full beach re-nourishment because of our 
environmentally protected worm habitats, which ironically only occur when there 
is beach erosion. 

We became inhabitants of this condo just like the worms became inhabitants of 
the coquina rocks, yet our home is not fully protected by the Federal, State, and 
local governments. Then why do we pay a premium property tax? To live on a 
beach that is disappearing right before our eyes? 



We have lived through the hurricanes of 2004 and saw for ourselves the 
destruction that occurred. We saw Hightower Park almost totally submerged 
underwater and Highway A1A within a few feet of getting washed out. We have 
seen the walkovers at the park, as well as ours, beings washed out to sea and 
making it dangerous to get to the beach. 

We have seen less turtles nesting on our beach because they can't get through 
the rocks. We have seen surfers avoid our area for fear of being knocked out by 
the rocks. We have seen tourists and locals slip on the rocks as they try to make 
their way out into the ocean. 

We appreciate any sand put on our beach and totally support the 2012 dune 
restoration that was announced to us at the February meeting by the U.S. Corps 
of Engineers. But the truth is the Mid-reach Section 5 needs full beach re
nourishment! Somewhere in this federal project that is immersed in "red tape," 
please find a way to make us whole again by providing to our beach what the 
rest of Brevard County beaches get- Full Beach Renourishment. 

~ 

]~ ;t(J~ 
Majesty Palm Resident 
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VALUE ENGINEERING TEAM STUDY  
PROJECT DESCRIPTION AND BACKGROUND  

PROJECT TITLE:  Brevard County Shore Protection Project - Mid-Reach 
PROJECT LOCATION: Brevard County, Florida  
 
The Brevard County Mid-Reach Shore Protection Project is intended to develop and 
deliver hurricane and storm damage reductions throughout the 7.8 mile Mid-Reach 
segment of Brevard County, Florida.  The Mid-Reach was previously studied in the 
Feasibility Report with Final Environmental Impact Statement for Brevard County 
(1996), but the Mid-Reach segment was removed from the recommended plan due to 
environmental concerns.  A General Re-evaluation Report for Brevard County, Florida 
was authorized by the Water Resources Development Act of 2000 to determine if all or 
a portion of the Mid-Reach is acceptable for addition into the Brevard County Hurricane 
and Storm Damage Project. 
 
The project is intended to reduce the damages caused by erosion and coastal storms to 
shorefront structures along the Mid-Reach study area while maintaining the recreational 
beach, maintaining opportunities for recreational use of the nearshore areas, and 
maintaining environmental quality.  Accordingly the plan will be constrained by the need 
to avoid, minimize and mitigate environmental impacts to the nearshore hardbottom 
which is unique to this region of the State.  The two Preferred Plans are identified as the 
Maximum Benefit Plan and the Compromise Plan and each is described in the following 
figure (including “Rock Impact” requiring mitigation): 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The Maximum Benefits Plan will deliver an estimated Benefit to Cost Ratio of 4.89:1 and 
the Compromise Plan delivers Benefit to Cost Ratio of 2.37:1.  Estimates cost for the 
two Preferred Plans are $51.1 million and $33.6 million respectively. 
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VALUE ENGINEERING TEAM STUDY  
PROJECT DESCRIPTION AND BACKGROUND  

PROJECT TITLE:  Brevard County Shore Protection Project - Mid-Reach 
PROJECT LOCATION: Brevard County, Florida  
 
The Supporting Documents Appendices provides the names of Value Engineering 
Team Members, the Speculation List, Cost Models, and Function Analysis System List 
(a logic listing identifying project functions), and Supporting Documents identifying the 
project as developed during the study period.   
 
The following Figures provide project views and supporting details for a quick reference 
to the project features: 
 
 
REVISION FOR FINAL REPORT:  The Brevard County General Re-evaluation Report, 
including Supplemental Environmental Impact Statement, presents the results of a 
hurricane and storm damage reduction study for the 7.8 mile Mid-Reach segment of 
Brevard County, Florida. The goal of the Brevard County Mid-Reach project is to reduce 
the damages caused by erosion and coastal storms to shorefront structures along the 
Mid-Reach study area. The District supports the non-Federal sponsor’s locally preferred 
plan and recommends the plan as the Tentatively Recommended Plan.  The plan 
consists of a small-scale beach fill varying from a 0-foot to 20-foot extension of the 
mean high water line plus advanced nourishment to maintain the design fill volume. The 
approximate volume of sand to be placed, as calculated from the 2008 survey, includes 
an initial design fill of 409,000 cubic yards plus an advanced nourishment fill of 164,000 
cubic yards for a total fill of 573,000 cubic yards at initial construction. Placement of the 
sand is anticipated to impact approximately 3.0 acres of nearshore rock hardbottom by 
direct and indirect cover of which 1.4 acres is expected to include some temporal 
variation as the advanced nourishment erodes. The mitigation quantity is calculated 
from the UMAM ratio of 1.6 mitigation acres required for every acre of natural rock 
impacted, resulting in a mitigation of 4.8 acres. 
 
The plan is estimated to have an initial construction cost of $29.3 million with annual 
total benefits of $11.4 million and a Benefit to Cost Ratio of 2.9 to 1. 
 
Refer to the “Summary of Proposals / Recommended Action” for a full list of proposals 
and potential application to the Brevard County Shore Protection Mid-Reach Project.  All 
recommended proposals follow with detailed revisions from final report and revised 
potential project savings. 
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 VALUE ENGINEERING TEAM STUDY  
PROJECT DESCRIPTION AND BACKGROUND  

PROJECT TITLE:  Brevard County Shore Protection Project - Mid-Reach 
PROJECT LOCATION: Brevard County, Florida  
 

 
FIGURE 1: BREVARD COUNTY SHORE PROTECTION PROJECTPLAN 
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VALUE ENGINEERING TEAM STUDY  
PROJECT DESCRIPTION AND BACKGROUND  

PROJECT TITLE:  Brevard County Shore Protection Project - Mid-Reach 
PROJECT LOCATION: Brevard County, Florida  
 

FIGURE 2: BREVARD COUNTY SHORE PROTECTION PROJECT 
MID-REACH SITE PLAN (SIX SUB-REACH SEGMENTS SHOWN) 
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VALUE ENGINEERING TEAM STUDY  
PROJECT DESCRIPTION AND BACKGROUND  

PROJECT TITLE:  Brevard County Shore Protection Project - Mid-Reach 
PROJECT LOCATION: Brevard County, Florida  
 

FIGURE 3: BREVARD COUNTY SHORELINE NEARSHORE OUTCROPS 
Typical Low-Relief Tabular Ledges and  
Typical High-Relief Tabular Ledges with  

Algae and Sabellariid Tube Worm Structures 
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VALUE ENGINEERING TEAM STUDY  
 EXECUTIVE SUMMARY  
 
The formal VE study process was conducted on 1 June 2006.  The participants included 
District Project Development Team (PDT) members and the Non-Federal Sponsor PDT 
team members as shown in Attachment A.  
 
Value Engineering (VE) is a process used to study the functions a project is to 
accomplish. As a result, the VE team takes a critical look at how these functions are 
being met, and it identifies alternative ways to achieve the equivalent function while 
increasing the value, and the cost ratio of the project.  The project was studied using the 
Corps of Engineers standard Value Engineering (VE) methodology, consisting of five 
phases: 
 

Information Phase: The Team was presented figures, descriptions of project 
work, and cost estimates to fully understand the work to be performed and the functions 
to be achieved.  Cost Models (see Appendix C) were compared to determine areas of 
relative high cost to ensure that the team focused on those parts of the project that 
offered the most potential for cost savings. 
 

Speculation Phase: The Team speculated by conducting brainstorming 
sessions to generate ideas for alternative designs.  All team members contributed ideas 
and critical analysis of the ideas was discouraged (see Appendix B). 
 

Analysis Phase: Evaluation, testing and critical analysis of all ideas generated 
during speculation was performed to determine potential for savings and possibilities for 
risk.  Ideas were ranked by priority for development.  Ideas that did not survive critical 
analysis were deleted. 
 

Development Phase:  VE team members developed the selected priority ideas 
identified during analysis into written proposals.  Proposal descriptions and possible 
impacts to schedule and funding were identified for each item discussed.  Savings were 
estimated where realized. 
 

Presentation Phase:  Presentation is a two-step process.  First, the VE Study 
Report is distributed for review (by the full PDT and all appropriate project supporters 
and decision-makers).  Review comments are to be coordinated for decision on any 
proposals recommended by the study report.  Final coordination will include a formal 
Presentation conference for recommendation of actions to be taken on specific VE 
proposals.  Actions reflecting each proposal are to be annotated on Summary of 
Proposals / Recommended Action.  Further formal coordination of VE action items will 
be through the PDT and VEO to document cost saving realized in the course of the VE 
study.  A revised Final report is being issued documenting VE actions implemented into 
the project.  The Revised Final Report incorporated implemented VE actions as 
documented in the GRR Recommended Plan (Locally Preferred Plan).  Revised 
estimated savings are shown in the Summary of Proposals.  Each proposal is updated 
with information reflecting the GRR Recommended Plan also. 
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VALUE ENGINEERING TEAM STUDY  
 SUMMARY OF PROPOSALS / RECOMMENDED ACTION  
 
PROPOSAL       POTENTIAL       RECOMMENED 
NUMBER DESCRIPTION     SAVINGS  ACTION  
 
C-1  Develop Coquina Stone Articulated     Proposal To  

Concrete Mat Mitigation Reef            Be Developed 
 

C-1A   (Impact Assumed - 5 Acre Reef 85%  
Functional Ratio, or 3.00:1)  $3,500,000 
 

C-1B   (Impact Assumed - 5 Acre Reef 100%  
Functional Ratio, or 2.72:1)  $5,250,000 
 

C-1C*  GRR Recommended Plan –  
Impact Determined - 3 Acre Reef 100%   Proposal as 
Functional Ratio, or 1.6:1   $7,766,000           Implemented 

 
C-2  Develop an Optimized Beach Nourishment  

Plan for Individual Mid-Reach Shoreline  
Segments (C-2A: Maximum Benefit Federal    Proposal To 
Plan vs C-2B: The Compromise Plan)           Be Developed 

 
C-2A  The Maximum Benefit Federal Plan by  

Truck Haul     ($9,124,000) 
 
C-2B  The Compromise Plan by Truck Haul $12,436,000 
 
C-2C  GRR Recommended Plan – Locally    Proposal as 
  Preferred Plan     $24,198,000           Implemented 
 
*Estimated Total First Cost Savings    $24,198,000 
 
Two Value Engineering Program measurement matrix criteria are tracked and reported 
for higher Headquarters through VE program execution by regional District offices.   
Cost avoidance (also known as savings) is the traditionally recognized measurement 
matrix for VE studies reflecting efficiencies and cost reduction realized from 
implementation of VE ideas.  These VE proposals are know as “Quantitative” proposals. 
 
The second program measurement matrix is value added ideas that improve the 
project, or solve associated problems with plan execution that may result in additional 
expenditures to deliver a successful project and related benefits.  These VE proposals 
are know as “Qualitative” proposals.  No penalty for adding “Qualitative” proposals is 
applied to reduce cost avoidance or savings.  Typically the Value Engineering 
Comments which are provided with limited or no cost determined are considered 
Qualitative”.  Ten Qualitative Proposal Comments are proved with the VE report. 
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VALUE ENGINEERING PROPOSAL  
PROPOSAL NO: C-1 PAGE NO: 1 OF 5 
DESCRIPTION:  Develop Coquina Stone Articulated Concrete Mat Mitigation Reef 
 
ORIGINAL DESIGN:  The planned mitigation reef combines limestone boulders with a 
foundation mattress constructed of plastic geogrid material filled with small gravel sized 
limestone rock.  The mattress provides support for the limestone and prevents 
subsidence into the sand.  Construction of units would take place on land with 
placement from ocean going barges by crane.  Placement depths are from 14 to 16 
feet.  The limestone boulders are sized from 2 to 6 feet in diameter.  Alternative 
shoreline plans for the 6 Mid-Reach segments include a 10 FT + 10 FT advance 
maintenance plan, 20 FT + 10 FT advance maintenance plan, and 30 FT + 10 FT 
advance maintenance plan.  Total estimated impact for respective plans ranges from 
3.5 to 5.7 to 8.1 acres, and averages about 5 acres over the 6 segment reaches. 
 
PROPOSED DESIGN:  The proposed alternative mitigation reef is a formed articulated 
concrete mat with coquina stone imbedded in the top surface.  Individual panels can be 
interconnected to create a large and less moveable reef.  Construction of units would 
take place on land with placement from ocean going barges by crane.  Placement 
depths are from 14 to 16 feet.   
 
ADVANTAGES:   
 Less acreage required as whole surface counts toward mitigation. 
 Easier installation using one system. 
 More closely approximates the flat tabular relief of the natural rock. 
 May produce improved mitigation ratio – better than rock filled marine mat. 
 
DISADVANTAGES:   
 Still does not meet optimal mitigation reef depth of 0 to 10 feet. 
 
JUSTIFICATION:  The proposed mitigation reef is an improvement over the original 
design.  It may have environmental and cost advantages by more closely matching the 
natural rock.  The cost advantage would result from a change in the mitigation ratio and 
may result in a cost savings of several million dollars, depending on the numbers of 
acres of mitigation constructed.  This mitigation reef still does not meet every 
requirement of mitigation, so alternatives should continue to be considered. 
 
Current cost estimates of the original mitigation reef were calculated for a range of sizes 
from 1 acre to 15 acres.  Costs not including engineering, design, contracting and 
permitting, range from $1.3 million to $1.4 million.  Construction cost estimates for the 
proposed mitigation reef based on input from a design consultant will also be in the $1.4 
million range.  So there are no cost savings in changing materials if the same number of 
acres is required. 
 
The proposed design may more closely mimic the natural rock formation in its low 
tabular structure.  As such, it is possible that environmental evaluation will yield a 
change in the mitigation ratio.  The original design requires a mitigation ratio of 3.34:1.   
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VALUE ENGINEERING PROPOSAL  
PROPOSAL NO: C-1 PAGE NO: 2 OF 5 
 
A quick inspection of the UMAM computation sheets shows that only one of three 
criteria would possibly change; that being the functionality of the mitigation reef.  The 
reef evaluated at 3.34:1 was given a functionality of 70-75% compared to the natural 
reef.  A modest increase to 85% would result in a change in mitigation ratio to 3.0:1.  
The extreme value if the functionality of the mitigation reef were assigned 100% would 
result in a mitigation ratio of 2.72:1.  The change in construction cost with the different 
mitigation ratios is shown in the Cost Estimate Worksheet for this proposal. 
 
Potential saving for the proposed formed articulated concrete mat with imbedded 
coquina stone (Proposals C-1A and C-1B) ranges from $3.5 to $5.25 million for each 5 
acres of mitigation if improved mitigation ratios are realized. 
 
REVISION FOR FINAL REPORT:  The Recommended Plan will develop articulated 
concrete mats with imbedded coquina stone as the mitigation system for impacted hard 
ground rock.  Adverse impacts to hard ground rock areas will be limited to 
approximately 3 acres including initial direct placement and subsequent cross-shore 
equilibration and long-shore diffusion.   
 
Final details and dimensions will change with detailed design.  Each articulated reef mat 
will contain 18 cable-connected concrete blocks with coquina surface.  Mats will be 
about 8 FT by 15 FT by 1 FT and comprise 90 lineal feet of valleys or ridges.  
Approximately 42 mats will be places adjacently with two additional top layer mats 
landward forming an overhang ledge.  The reef mat set consists of 44 total mats to 
constitute 0.15- to 0.16 acres of hard bottom structure.  Mitigation sites will be typically 
set 800 FT from existing rocks, to 1,000 FT seaward of MLW shoreline, and results in 
about -12 to -14 FT (MLW) water depths.  Three to five mat sets spaced 50- to 60 FT 
apart along the -15 FT (MLW) contour will form a reef-group (0.45- to 0.75 Acres).  
Reef-groups would be spaced 400- to 9,000 FT apart to create the total shoreline reef 
mitigation. 
 
Adjusted savings for the use of articulated concrete mat with imbedded coquina stone 
for reduced rock impact limited to approximately 4.8 acres (3 Acres impacted at 1.6:1 
Mitigation Ratio) with the GRR Recommended Plan.  The corresponding areas and cost 
savings are adjusted accordingly as follows: 
 
Original Plan: 3 Acres Rock Filled Marine Mat Mitigation X (3.34:1 Ratio) X 
$1,209,509/Acre + 23% Contingency = $14,907,000 
 
C-1C:  GRR Recommended Plan: 3 Acres Coquina-ACM Mitigation X (1.6:1 Ratio) X 
$1,209,509/Acre + 23% Contingency = $7,141,000  
 
Final Estimated Savings: $7,766,000 
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VALUE ENGINEERING PROPOSAL  
PROPOSAL NO: C-1 PAGE NO: 3 OF 5 

 
Current Stone Filled Marine Mattress 

(Mitigation Ratio 3.34:1) 
 

12" LEDGE, TYP. 

DETAIL3 
-LANDWARD (WEST) DETAIL 1 

SCALE r-...,r-, 
0 10' 20' 

DETAIL 1: MARINE MATIRESS, TYP. 

LIMEROCK FillED 
MARINE MATIRESS 

(TYP.) 

3"to9"~!S~ 
UMESTONE 

RUBBLE --

2"' 
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VALUE ENGINEERING PROPOSAL  
PROPOSAL NO: C-1 PAGE NO: 4 OF 5 

 
Proposed Coquina Stone Articulated Concrete Mat 

(Mitigation Ratio 1.6:1) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Capacities for Concrete Mattress on Handling Frame 
(Below Water Installation Techniques)  

 Dimensions: 8' X 20' X 9" (10,500 Lbs 
 Mattress Weight Submerged: 6,000 lbs. 

(approx.) 
 Concrete Density: 145 lbs. per cu. ft., 4,000 psi 
 160 elements: 5/8" ultra violet stabilized 

copolymer extruded fiber rope, minimum 
tensile strength 9,500 lbs 
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VALUE ENGINEERING PROPOSAL  
PROPOSAL NO: C-1 PAGE NO: 5 OF 5 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

C-1

ITEM UNITS QUANTITY UNIT COST TOTAL
C-1 Current Completed Mitigation Reef:

5 Acres impact X 3.34 ratio Ac 17 $1,400,000.00 $23,800,000
Total Deletions $23,800,000

ITEM UNITS QUANTITY UNIT COST TOTAL
C-1A Stone ACM Completed Mitigation Reef:

5 Acres impact X 3.00 ratio Ac 15 $1,400,000.00 $21,000,000
Total Additions $21,000,000

Net Cost Decrease/Increase $2,800,000
* Mark-ups 25.00% $700,000

Total Cost Decrease/Increase $3,500,000

ITEM UNITS QUANTITY UNIT COST TOTAL
C-1B Stone ACM Completed Mitigation Reef:

5 Acres impact X 2.72 ratio Ac 14 $1,400,000.00 $19,600,000
Total Additions $19,600,000

Net Cost Decrease/Increase $4,200,000
* Mark-ups 25.00% $1,050,000

Total Cost Decrease/Increase $5,250,000

COST ESTIMATE WORKSHEET 

Mark-ups: Gen. Contractor Mark-up - Included in Unit Prices (Field Office/Home 
Office/Profit/Bond); Contingencies - 25.0%

DELETIONS

ADDITIONS

ADDITIONS

PROPOSAL DESCRIPTION:  Develop Coquina Stone Articulated Concrete Mat 

C-1

ITEM UNITS QUANTITY UNIT COST TOTAL
C-1 Current Completed Mitigation Reef:

3 Acres impact X 3.34 ratio Ac 10.0 $1,209,509.03 $12,119,280
Total Deletions $12,119,280

ITEM UNITS QUANTITY UNIT COST TOTAL
C-1C Stone ACM Completed Mitigation Reef:

3 Acres impact X 1.60 ratio Ac 4.8 $1,209,509.03 $5,805,643
Total Additions $5,805,643

Net Cost Decrease/Increase $6,313,637
* Mark-ups 23.00% $1,452,137

Total Cost Decrease/Increase $7,765,774

REVISED FINAL COST ESTIMATE WORKSHEET 

Mark-ups: Gen. Contractor Mark-up - Included in Unit Prices (Field Office/Home 
Office/Profit/Bond); Contingencies - 23.0%

DELETIONS

ADDITIONS

PROPOSAL DESCRIPTION:  Develop Coquina Stone Articulated Concrete Mat (GRR Recommended 
Locally Preferred Plan)
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 VALUE ENGINEERING PROPOSAL  
PROPOSAL NO: C-2 PAGE NO: 1 OF 9 
DESCRIPTION:  Develop an Optimized Beach Nourishment Plan for Individual Mid-
Reach Shoreline Segments (C-2: Maximum Benefit Federal Plan vs C-2A: The 
Compromise Plan) 
 
ORIGINAL DESIGN:  The Brevard County Mid-Reach segment is under study for the 
development of an effective shore protection plan to reduce storm damages that can 
meet the federal and local objectives, and the selected plan must meet economic 
requirements for benefits vs cost to construct (>1:1 Benefit/Cost).  One initial plan under 
consideration is the Maximum Benefit Federal Plan that typically consists of dredge 
placement of a beach profile identified for each sub-reach segment.  The plan places a 
combination conventional fill and beachface fill on selected sub-reach segments and 
reduces portions of the Mid-Reach project to a dune fill only in two reaches.  One 
segment in Reach 5A is identified for a revetment structure to be covered with sand.  
One reach is identified for no work as the Benefit: Cost ratio does not justify 
improvements to that segment of the project.  Annualized benefits are estimated as $6.1 
million.   
 
The nearshore hardbottom rock areas (consisting of coquina outcrops formed from 
lithified shell fragments, quarts sand and calcium carbonate) are unique to the Mid-
Reach project area and they provide diverse habit for shallow marine flora and fauna 
and are identified as Habitat Areas of Particular Concern (HAPC).  Any rock areas 
covered by sand placement must be mitigated for using a mitigation feature consisting 
of .rock filled marine mat and larger stone arrangements to be placed in 10 to 14 foot 
water depths.  An estimated ratio of mitigation for this system is identified as 3.34 to 1 
for each acre impacted.  The Maximum Benefit Federal Plan is estimated to impact 4.89 
acres of rock and the mitigation requirement is 16.3 acres.   
 
See Figure 1- Brevard County Mid-Reach Alternative Matrix for issues effecting 
alternative plans, and Figure 2 – Preferred Plans for further description of the Maximum 
Benefit Federal Plan. 
 
PROPOSED DESIGN:  It is recommended that an optimal beach nourishment plan be 
developed to assure an efficient level of shore protection can be delivered, and that the 
plan will reduce hardbottom rock impact.  The alternative will likely be less than the 
Maximum Benefit plan, but it may offer the Mid-Reach area effective storm damage 
protection while allowing other means of sand delivery such as truck haul.  A minimum 
beachface fill section of 10’ is proposed for segments with beach fill.  All segments get a 
dune feature and one segment only get the dune fill with vegetation.  A revetment 
structure is also proposed in Reach 5A. The truck haul method and reduced beachface 
fill sections may offer further improvements to the Compromise Plan shown in Figure 2. 
 The more careful sand placement for a reduced beachface fill and dune system 
resulting by truck haul will also reduce the impact to hardbottom areas.  The 
Compromise Plan is estimated to impact 2.37 acres of rock and the mitigation 
requirement is 7.9 acres.  Estimates are provided for truck haul beach fill placement for 
both the Maximum Benefit Federal Plan and Compromise Plan for pricing comparison.  
Annualized benefits are estimated as $5.1 million for the Compromise Plan.   
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VALUE ENGINEERING PROPOSAL  
PROPOSAL NO: C-2 PAGE NO: 2 OF 9 

 
ADVANTAGES:   
 A modified plan with reduced beachface fill quantities introduces a less intrusive 

profile and sand delivery method using truck haul. 
 The Compromise Plan delivers protection with benefit and is an executable plan. 
 Reduced hardbottom rock impact results from reduced sections and truck haul plan. 
 
DISADVANTAGES:   
 A 20% reduction in benefits is realized with the Compromise Plan. 
 Stockpiling and rehandling sand is required with truck haul – this required further 

development. 
 An increase in cost is incurred with the more expensive truck haul method if the 

Maximum Benefits Plan is selected. 
 
JUSTIFICATION:  The Compromise Plan represents a starting point for development of 
an optimized plan that can deliver the maximum level of storm damage protection and 
an economical means of executing the plan.  Beach fill placement by truck haul and 
more localized grading will assure hardbottom areas are avoided.  It improves impact to 
critical Habitat Areas of Particular Concern with a reduction of hardbottom areas being 
covered by sand.  Each sub-reach segment can be optimized, and can consider a 
specific level of protection and the means of achieving it.  While the reduced annual 
benefits for the Compromise Plan is approximately $1 million, this can be refined by 
further development and optimization to offer a better level of protection may be deliver 
with refinement of the plan.   
 
Beach fill quantities for respective alternative plans are approximately 988,000 CY vs 
676,000 CY.  For pricing comparison, both plans were estimated for truck haul and the 
Maximum Benefits plan would cost approximately $9 million more than construction by 
dredge placement.  It remains questionable that any level of reduced rock impact could 
be realized for that plan.  The Compromise Plan realized approximately $12 million in 
reduced construction cost when compared to the Maximum Benefits Plan.  This truck 
haul Compromise Plan is somewhat underdeveloped with regard to stock-piling and 
rehandling site acquisition and development.  Estimating Worksheets are developed for 
each plan identifying C-2 as the Maximum Benefits Plan (Dredge), C-2A as the 
Maximum Benefits Plan (Truck Haul), and C-2B as the Compromise Plan (Truck Haul). 
 
Truck haul routes and stockpiling /rehandling sites will require careful coordination.  See 
comments 1 through 6 for more information of alternatives to be coordinated.  
 
REVISION FOR FINAL REPORT:  The developing plan has been greatly optimized with 
the development of the GRR.  The Recommended Plan is the Locally Preferred Plan 
(LPP) which closely follows the GRR NED Plan.  The difference between the two plans 
are changes in Reach 4  - changed from dune and vegetation only to a 10 foot 
beachface fill, and Reach 3 - changed from a 30 foot beachface fill to a 20 foot 
beachface fill with the LPP.  Total sand placement is increased from 684,000 CY to 
737,000 CY with the LPP.  Rock impact is unchanged for the LPP. 
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VALUE ENGINEERING PROPOSAL  
PROPOSAL NO: C-2 PAGE NO: 3 OF 9 

 
Figure 3 presents NED and LPP plan details for optimal beach nourishment for 
individual Mid-Reach shoreline segments progressing from the initial VE effort to a more 
fully developed GRR level.  The typical sections for the recommended plan are shown 
as Drawing 1, Mid-Reach Recommended LPP and Drawing 2, presenting respective 
Mid-Reach beach fill and dune fill cross sections. 
 
Protection ranges from a 5 year to a 75 year storm level and varies along the Mid-
Reach segments.  Updated annual benefits are identified as $11.4 million and Benefits 
to Cost Ratio is 3.74 to 1.  The plan offers the maximum storm damage reduction while 
minimizing environmental impacts to near shore rock.  The Mid-Reach contains 
approximately 31.3 acres of near shore rock and only 4 acres will be impacted.  The 
development of the coquina articulated mat systems will be recognized as having a 1.6 
to 1 UMAM ratio resulting in mitigation of 4.8 acres.  
 
The dredge placement site has been determined to be the Poseidon DMMA which will 
serve for both the initial construction and future renourishment cycles estimated to occur 
at three year intervals.  Mid-Reach construction and future renourishment sand 
placement will be by truck haul with an average haul distance to the mid-construction 
point of approximately 20 miles.  The DMMA is approximately 4 to 8 miles from the 
Canaveral Shoals Sand Borrow Areas.  Hydraulic dredge placement for maintenance 
will be coordinated with North and South Reach portions of the federal shore protection 
project.  This coordination allows sharing costs of mob/demob and prep with all three 
reached even though the North and South Reaches are on a 6 year cycle. 
 
The current GRR level project plan has been compared to the initial Maximum Benefits 
Federal Plan for cost analysis and determining the cost avoidance through further plan 
development and optimization.  The GRR plan minimizes sand placement and potential 
impacts to rock areas requiring mitigation.  The greatly reduced quantities in these two 
features allow substantial reduction in construction cost for the project.  The original 
Maximum Benefits Plan has been updated to FY2010 dollars and applicable markups 
are incorporated into unit cost so that the GRR contingency can be evenly applied to 
both alternatives.  The optimized or LPP plan is identified as C-2C and the adjusted net 
savings are recognized as $24,198,000.   
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VALUE ENGINEERING PROPOSAL  
PROPOSAL NO: C-2 PAGE NO: 4 OF 9 

 
Figure 1- Brevard County Mid-Reach Alternative Matrix 
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VALUE ENGINEERING PROPOSAL  
PROPOSAL NO: C-2 PAGE NO: 5 OF 9 

 
Figure 2- Initial Preferred Plans 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3 – GRR Recommended Plan 
 

NED Plan (Optimized Benefit Plan) 

 Reach 1 Reach 2 Reach 3 Reach 4 Reach 5* Reach 6 Sum 

 10” Beach-
face Fill 

20” Beach-
face Fill 

30” Beach-
face Fill 

Dune Fill 
Only 

10” Beach-
face Fill 

Dune Fill 
Only  

Rock Impact 
(Acres) 0.3 0.5 1.1 0.2 0.9 0.1 3.1 

 
 
Locally Preferred Plan (Optimized Benefit Plan) Recommended 

 Reach 1 Reach 2 Reach 3 Reach 4 Reach 5* Reach 6 Sum 

 10” Beach-
face Fill 

20” Beach-
face Fill 

20” Beach-
face Fill 

10” Beach-
face Fill 

10” Beach-
face Fill 

Dune Fill 
Only  

Rock Impact 
(Acres) 0.3 0.4 0.8 0.5 0.9 0.1 3.0 

 
*Reach 5A and 5B are merged w/ NED and LPP 
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VALUE ENGINEERING PROPOSAL  
PROPOSAL NO: C-2 PAGE NO: 6 OF 9 

 
Drawing 1 - Brevard County Mid-Reach LPP Plan 

(GRR Recommended Plan with Beachfill Profile and Mitigation Site Shown) 
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VALUE ENGINEERING PROPOSAL  
PROPOSAL NO: C-2 PAGE NO: 7 OF 9 

 
Drawing 2 - Brevard County Mid-Reach LPP Profile Sections 

(GRR Recommended Plan) 
10- and 20-Foot Beach Fill Cross Sections 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Dune Fill Cross Section 
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VALUE ENGINEERING PROPOSAL  
PROPOSAL NO: C-2 PAGE NO: 6 OF 9 

 
 

C-2

ITEM UNITS QUANTITY UNIT COST TOTAL
C-2 Mob/Demob/Prep Using Hopper Dredge:

Reach 1 No Action (B/C <1) LS 0 $14.75 $0
Reach 2 30' Beachface Fill CY 162,000 $14.75 $2,389,500
Reach 3 60' Conventional Fill CY 323,000 $14.75 $4,764,250
Reach 4 Dune Fill CY 59,000 $14.75 $870,250
Reach 5A & B Dune/20' Beachface Fill CY 264,000 $14.75 $3,894,000
Reach 5A Revetment LS 1 $4,531,821.86 $4,531,822
Reach 6 10' Beachface Fill CY 180,000 $14.75 $2,655,000
Offshore Mitigation - (3.34:1) Ac 16.3 $1,054,000.00 $17,222,360

$0
$0
$0

  $0
Total Deletions $36,327,182

ITEM UNITS QUANTITY UNIT COST TOTAL
C-2A Mob/Demob/Prep DMMA TBD/Truck Haul:

Reach 1 (No Action B/C <1) CY 0 $20.60 $0
Reach 2 30' Beachface Fill (Truck Haul) CY 162,000 $20.60 $3,337,200
Reach 3 60' Beachface Fill (Truck Haul) CY 323,000 $20.60 $6,653,800
Reach 4 Dune Fill (Truck Haul) CY 59,000 $20.60 $1,215,400
Reach 5A & B Dune/20' Beachface Fill 
(Truck Haul) CY 264,000 $20.60 $5,438,400
Reach 5A Revetment LS 1 $4,531,821.86 $4,531,822
Reach 6 10' Beachface Fill (Truck Haul) CY 180,000 $20.60 $3,708,000
Offshore Mitigation - (3.34:1) Ac 16.3 $1,093,000.00 $17,859,620

$0
$0
$0
$0

  $0
Total Additions $42,744,242

Net Cost Increase -$6,417,060
* Mark-ups 42.19% -$2,707,358

Total Cost Increase -$9,124,418

*
42.19%

PROPOSAL DESCRIPTION:  Develop an Optimal Beach Nourishment Plan for Individual Mid-Reach 
Shoreline Segments (C-2 Maximum Benefit Federal Plan vs C-2A MBFP Truck Haul)

COST ESTIMATE WORKSHEET 

PED - 10%; S&A - 8.5%; Contingencies -15.0% and Escalation to FY06 - 3.6% =

Quantities were estimated from planning level cost sub-reach estimates using a uni t cost average for 
sand placement by dredge ($14.75/CY) or truck haul ($20.60/CY) dated 13 July 2006.

DELETIONS

ADDITIONS

Mark-ups: Gen. Contractor Mark-up - Included in Unit Prices (Field Office/Home Office/Profit/Bond); 
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VALUE ENGINEERING PROPOSAL  
PROPOSAL NO: C-2 PAGE NO: 8 OF 9 

 

C-2

ITEM UNITS QUANTITY UNIT COST TOTAL
C-2 Mob/Demob/Prep Using Hopper Dredge:

Reach 1 No Action (B/C <1) LS 0 $14.75 $0
Reach 2 30' Beachface Fill CY 162,000 $14.75 $2,389,500
Reach 3 60' Conventional Fill CY 323,000 $14.75 $4,764,250
Reach 4 Dune Fill CY 59,000 $14.75 $870,250
Reach 5A & B Dune/20' Beachface Fill CY 264,000 $14.75 $3,894,000
Reach 5A Revetment LS 1 $4,531,821.86 $4,531,822
Reach 6 10' Beachface Fill CY 180,000 $14.75 $2,655,000
Offshore Mitigation - (3.34:1) Ac 16.3 $1,054,000.00 $17,222,360

$0
$0
$0

  $0
Total Deletions $36,327,182

ITEM UNITS QUANTITY UNIT COST TOTAL
C-2B Mob/Demob/Prep DMMA TBD/Truck Haul:

Reach 1 (No Action B/C <1) CY 0 $20.60 $0
Reach 2 10' Beachface Fill (Truck Haul) CY 102,000 $20.60 $2,101,200
Reach 3 10' Beachface Fill (Truck Haul) CY 134,000 $20.60 $2,760,400
Reach 4 Dune Fill (Truck Haul) CY 59,000 $20.60 $1,215,400
Reach 5A & B Dune/10' Beachface Fill 
(Truck Haul) CY 201,000 $20.60 $4,140,600
Reach 5A Revetment LS 1 $4,531,821.86 $4,531,822
Reach 6 10' Beachface Fill (Truck Haul) CY 180,000 $20.60 $3,708,000
Offshore Mitigation - (3.34:1) Ac 7.9 $1,152,000.00 $9,123,840

$0
$0
$0
$0

  $0
Total Additions $27,581,262

Net Cost Increase $8,745,920
* Mark-ups 42.19% $3,689,904

Total Cost Increase $12,435,824

*
42.19%

PROPOSAL DESCRIPTION:  Develop an Optimal Beach Nourishment Plan for Individual Mid-Reach 
Shoreline Segments (C-2 Maximum Benefit Federal Plan vs C-2B The Comprise Plan)

COST ESTIMATE WORKSHEET 

PED - 10%; S&A - 8.5%; Contingencies -15.0% and Escalation to FY06 - 3.6% =

Quantities were estimated from planning level cost sub-reach estimates using a uni t cost average for 
sand placement by dredge ($14.75/CY) or truck haul ($20.60/CY) dated 13 July 2006.

DELETIONS

ADDITIONS

Mark-ups: Gen. Contractor Mark-up - Included in Unit Prices (Field Office/Home Office/Profit/Bond); 
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C-2

ITEM UNITS QUANTITY UNIT COST TOTAL
C-2 Mob/Demob/Prep Using Hopper Dredge:

Reach 1 No Action (B/C <1) LS 0 $20.21 $0
Reach 2 30' Beachface Fill CY 162,000 $20.21 $3,274,020
Reach 3 60' Conventional Fill CY 323,000 $20.21 $6,527,830
Reach 4 Dune Fill CY 59,000 $20.21 $1,192,390
Reach 5A & B Dune/20' Beachface Fill CY 264,000 $20.21 $5,335,440
Reach 5A Revetment LS 1 $5,211,595.14 $5,211,595
Reach 6 10' Beachface Fill CY 180,000 $20.21 $3,637,800
Offshore Mitigation - (3.34:1) Ac 16.3 $1,212,100.00 $19,805,714

$0
$0
$0
$0
$0
$0
$0
$0

Total Deletions $44,984,789

ITEM UNITS QUANTITY UNIT COST TOTAL
C-2C GRR Plan: Mob/Demob/Prep Poseidon DMMA LS 1 $1,626,444.00 $1,626,444

Reach 1 10' Beachface Fill (Truck Haul) CY 147,972 $25.08 $3,711,138
Reach 2 20' Beachface Fill (Truck Haul) CY 84,068 $25.09 $2,109,266
Reach 3 20' Beachface Fill (Truck Haul) CY 135,189 $24.99 $3,378,373
Reach 4 10' Beachface Fill (Truck Haul) CY 84,502 $24.60 $2,078,749
Reach 5 10' Beachface Fill (Truck Haul) CY 103,220 $25.03 $2,583,597
Reach 6 Dune Fill (Truck Haul) CY 17,877 $25.39 $453,897
Offshore Mitigation - 4.8 Acres Ac 4.8 $1,209,509.03 $5,805,643
Non-Construction LS 1 $2,751,485.00 $2,751,485

$0
$0
$0
$0
$0
$0
$0

  $0
Total Additions $24,498,592

Net Cost Increase $20,486,197
* Mark-ups 23.00% $4,711,825

Total Cost Increase $25,198,022

*

PROPOSAL DESCRIPTION:  Develop an Optimal Beach Nourishment Plan for Individual Mid-Reach 
Shoreline Segments (C-2 Maximum Benefit Federal Plan in FY2010 $'s vs C-2C GRR Recommended 
Locally Preferred Plan)

REVISED FINAL COST ESTIMATE WORKSHEET 

Non Construction (PED/S&I/LD) shown as line item; Contingencies - 23.0%

DELETIONS

ADDITIONS

Mark-ups: Gen. Contractor Mark-up - Included in Unit Prices (Field Office/Home Office/Profit/Bond); 

FY09 GRR Quantities and Unit Cost used for truck haul and CWCCIS indexed w/ estimated markup for 
dredge placement ($20.21/CY)
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1. Identify Alternative Out-of-Kind Mitigation Reef Locations (Speculation Item 
21):  The speculation mitigation reef is of the same or similar construction technique as 
the original mitigation reef but varies from the original in placement location.  Placement 
in water depth from 0 to 10 feet is desired to mimic the natural reef to be impacted.  To 
achieve this, a location with reduced wave action is needed.  The area must provide 
approximately 20 acres of area for reef placement.  Potential locations include 
Canaveral Inlet and Sebastian Inlet.   
 
Canaveral Inlet is a fully developed port, such that placement of reefs within the inlet 
interior would obstruct navigation and would be prohibited.  Canaveral Inlet is connected 
to the Indian River by locks, such that on the west side of the locks any reef would be 
cut off from the ocean and would not be advantageous.  Placement next to the 
Canaveral jetties would be possible in the lee of the waves, but does not offer much 
acreage for placement.   
 
Sebastian Inlet is a smaller inlet, used mostly by recreational boaters.  Placement at 
Sebastian Inlet is not restricted by location, making placements next to the jetties, inside 
the inlet and in the Indian River near the inlet possible.  The wave climate would be 
minimal, allowing placement at shallow depths.  Cost savings may be realized from 
smaller equipment in the protected environment and less acreage if the mitigation ratio 
is reduced.  The mitigation ratio is questionable, though, as any gain in habitat function 
due to the shallow depth may be counteracted by loss from the inshore location and 
less mixing of the water from the waves.  Sebastian Inlet is 18 to 25.6 miles south of the 
Mid-Reach south and north end of the study area, respectively, which may mean 
different species.  It is doubtful 20 acres of reef could be placed looking at the aerial 
photographs and seagrass mapping.  Impacts to seagrass would be undesirable.  
Therefore, Sebastian Inlet is not a viable placement location.  This speculation idea is 
removed from further consideration. 
 

Brevard County SSP, Canaveral Inlet and Sebastian Inlet Location Map 
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 Brevard County SSP, Canaveral Inlet Location Map 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sebastian Inlet Map with Seagrasses 
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2. Place conventional fill in Reach 3, stockpile on the beach for truck haul 
north and south, and mitigate 3 acres of rock offshore (Speculation Item 22):  This 
combination of alternatives was presented by the Sponsor’s representative for 
consideration.  The conventional fill, stockpile and mitigation elements are included in 
the separable elements of alternatives under consideration.  Combining these elements 
is possible and is within the scope of alternatives already included.  This speculation 
idea is noted for the study, but is not developed further at this time. 
 
3. Conventional fill Reach 3 and local preferred plan for other Reaches 
(Speculation Item 23):  This combination of alternatives was presented by the 
Sponsor’s representative for consideration.  The conventional fill is included in the 
separable elements of alternatives under consideration.  The sponsor alluded that if the 
Federal selected plan is not desirable to the sponsor, they would be willing to back a 
locally preferred plan with some change in cost sharing.  The locally preferred plan is 
agreed upon following identification of the Federal selected plan, still to be determined.  
This speculation idea is noted for the study, but is not developed further at this time. 
 
4. Conventional fill in Reaches 1 and 2 as the locally preferred plan and dune 
truck haul fill in Reaches 3 thru 6 as the Federal plan (Speculation Item 24):  This 
combination of alternatives was presented by the Sponsor’s representative for 
consideration.  The conventional fill and dune fill are included in the separable elements 
of alternatives under consideration.  The sponsor alluded that if the Federal selected 
plan is not desirable to the sponsor, they would be willing to back a locally preferred 
plan with some change in cost sharing.  The locally preferred plan is agreed upon 
following identification of the Federal selected plan, still to be determined.  This 
speculation idea is based upon the idea that the Federal selected plan may be dune fill 
for Reaches 3 thru 6, but this has not been finalized.  This speculation idea is noted for 
the study, but is not developed further at this time. 
 
5. Vertical Seawall Alternative (Speculation Item 26):  This alternative involves 
placing a vertical seawall structure parallel to the mean high water line at the foot of the 
existing bluff.  The seawall would be designed to protect against the 50-year storm 
level.  During the course of the study, a part of Reach 5 was identified as meeting the 
criteria for eligibility set forth in the State’s Coastal Zone Management Program which 
must be abided by per the Federal Coastal Zone Management Act.  Two areas, 2,760 
feet and 560 feet in length, have been identified for construction of the seawall. 
 
Discussion of the environmental permitting process led to the conclusion that it would 
be likely that a seawall would have some permitting conditions regarding sea turtle 
nesting.  This could include up to a 5-foot sand cover vertically over any portions of the 
seawall.  Internal discussion between Planning Division, Project Management, and 
Office of Counsel led to an agreement that the sand cover was a reasonable and 
integral part of the design.   
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As such the sand cover would be included as a required part of the alternative in all 
documentation and included in the construction costs.  It was suggested that initial 
construction of the seawall and sand cover be a cost-sharing item, and continued 
maintenance of the sand cover should be an item of local cooperation.   
 
It is anticipated that the local sponsor may not agree to an item of local cooperation 
including maintenance of the sand cover.  However, the plan must be fully developed to 
present to the local sponsor.  This speculation idea should be carried forward in the 
planning process. 
 
6. Several dredge storage and rehandling sites were recommended to be 
investigated (Speculation Items 1, 2, 4, 11, 12, 14):  This is an update to the 
discussion with David Roach, director of FIND and the status of the 8 FIND placement 
sites that are planned for or in place in Brevard County.  
 
Essentially FIND would welcome a partnership to speed development and construction 
of their unconstructed sites and would cooperate with us in using certain existing sites 
to temporarily stockpile offshore sand. It would require written agreements regarding the 
joint use and management of sediment to ensure adequate capacity for both parties, but 
if it were cost effective (see below) it appears that FIND would be a willing partner. 
  
The main road block to the use of FIND sites is the high costs to transport and rehandle 
sand into the site, and back out of the site for beach placement. In talking with Brian 
Blake and Phil Bates after the meeting (along with input from David Roach during the 
call) it looks prohibitively expensive to barge the material to these sites. The process of 
moving sand from the borrow site to the FIND sites would involve:  

1) Hydraulic dredging at Canaveral Shoals into seagoing barges/scows. 
2) Rehandling of material into smaller, scows for use in the IWW (only hold 1000 
to 1500 CY each). 
3) Transport of scows through the barge canal to the IWW, then North or South 
to the FIND site. 
3) Resuspension of sand into slurry to hydraulically pump out small scows into 
placement site. 
4) Truck haul to Mid Reach. 

  
The approximate cost for this at ~$100/cy due primarily to the rehandling operations 
(present cost estimate for truck haul from existing upland borrow is ~$30/cy). This does 
NOT include any costs for development/modification of the sites themselves. It is a 
consensus option that this cost is far too high vs. the benefit of dune fill.  It is 
recommended to abandon this alternative and identify other alternatives with better 
opportunities for innovative ways to reduce cost. 
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One alternative that holds some possibility is to stockpile on Patrick AFB while the 
offshore dredge is mobilized by putting a pipeline under A1A and pumping directly out of 
the seagoing barge or dredge into the stockpile area, thus eliminating one portion of 
rehandling and making truck haul distances much shorter than the FIND sites would be. 
I will talk with the AFB engineer re this. This alternative requires development of an 
entirely new site with all the attendant environmental challenges and logistical issues 
that that poses.  Considerable cost would be required for development of a new DMMA 
site.  Identifying an existing DMMA site with minimal requirements for use as a storage 
and rehandling site would be a better alternative 
  
Perhaps the best alternative still seems to be the Port West Disposal site near the Navy 
docks with it's deep draft access and relatively short haul distances.  A planned meeting 
with AF/Navy/Port on August 17, 2006, will address each of these remaining 
alternatives. 
 
7. Develop artificial reefs (Speculation Item 16):.  Develop artificial reefs-reef 
balls on mats (see low-crested breakwater reef – Dade County 1,800 LF for $2 million) 
 
The low-crested breakwater reef, or Submerged Artificial Reef Training Structure 
(SMART), proposed in Dade County was to consist of various sized reef balls mounted 
on concrete slabs which in turn would be cabled to ARMORTEC Armorflex Concrete 
Block Mats.  It was to be placed in an average depth of 7-feet below MLW. The draft 
Environmental Assessment for this project, with detailed information, can be found at:  
http://planning.saj.usace.army.mil/envdocs_A-D/Dade_Co/Section227/MIAMI-DADE-
COUNTY.pdf 
 
EN-HC stated that the SMART should be stable in the Dade County wave climate, and may 
be stable in the Mid-Reach wave climate if designed correctly.  Anchoring or pinning the 
structure would probably be necessary if placed in the intertidal zone or just beyond.  
Getting the SMART deployed in shallow wate r, e.g. 7-feet below MLW, would be 
problematic in the Mid-Reach.  The SMART could possibly be towed or floated in.   
 
The National Marine Fisheries Service and Florida Fish and Wildlife Conservation 
Commission raised concerns regarding sea turtle passage over the SMART and 
increased fish predation of hatchling sea turtles.  The US Fish and Wildlife Service 
stated that if the SMART caused increased beach erosion resulting in loss of sea turtle 
nests or nesting habitat, then the structure should be removed.   
 
From an ecological function standpoint, there is very little difference between the 
proposed articulated mattresses embedded with boulders versus the SMART.  It is 
suggested that economic and engineering criteria be used to choose the type of 
structure. The real problem is placement of a mitigation structure in shallow water, 
which has stability, accessibility, and liability issues. 
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8. Use literature search, case studies other resource (Speculation Item 20):  
Electronic library was used to search 14+ journals, including (or within the following 
professional organizations):  American Fisheries Society, Applied Ocean Research, 
Biological Conservation, Biosystems Engineering, Coastal Management, Conservation 
Biology, Ecological Engineering, Estuarine Coastal and Shelf Science, Fisheries 
Research, Journal of Applied Ecology, Journal of Ecology, Journal of Experimental 
Marine Biology and Ecology, Journal of Marine Systems, and Marine Environmental 
Systems.  Searches were conducted for information on artificial reefs (AR), and refined 
searches were performed on intertidal AR, shallow water AR, and construction of AR.  
Although there is a large volume of information in the literature on AR, no useful 
information or ideas which appear to be better than the proposed articulated mattress 
embedded with boulders were found.  
 
9. Develop geo-tube core dune system (Speculation Item 25):   Develop geo-
tube core dune system – select locations and leave gaps for sea turtle nesting (ask 
USFWS). 
 
PD-E discussed the use of geo-tubes along the Mid-Reach with the US Fish and Wildlife 
Service.  The Service stated that permittees in Brevard County have not maintained 
sufficient sand coverage over installed geo-tubes for the last two sea turtle nesting 
seasons.  This gave the impression that the Service would not look favorably upon the 
use of geo-tubes or any armor within the Mid-Reach.  However, in areas that are 
vulnerable to erosion and no other options were available, vertical structures such as 
seawalls would be preferred by the Service over geo-tubes or sloped revetments. The 
Service also stated that leaving gaps between geo-tubes would probably not be 
beneficial.  There would still be a liability in maintaining sufficient sand coverage over 
tubes, and the gaps would only be utilized by sea turtles by chance. 
 
Since some areas of the project may have minimal protection provided, such as dune 
only, or a 10 foot beachface fill, the possible use of a geo-tube core with gaps should be 
restudied during the PED P&S phase to improve damage recovery and allow a gap for 
natural sand should nesting and storm damage activities overlap.  A typical 
arrangement may be 60 foot of geo-tube and 60 foot gap continuously for applicable 
sub-reaches. 
 
10. Design turtle friendly dune with flat slopes (Speculation Item 27):  After 
some discussion among PD-E staff, the approved slope of the recently constructed 
dune through the Mid-Reach should be recommended.   
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Brevard County Shore Protection Project  

Mid-Reach Segment 
Value Engineering Team 

 
1 June 2006 

 
Name    Organization   Telephone   

1. Oz Rodriguez   SAJ-DP-C   904-232-2909 
2. Candida Bronson  SAJ-PD-PN   904-232-3873 
3. Jason Engle   SAJ-EN-HC   904-232-2230 
4. Eric Roasch   SAJ-PD-D   904-232-3680 
5. Phill Bates   SAJ-CO-OM   904-232-1196 
6. Mark Clark   SAJ-CO-CS   904-232-1433 
7. Matt Schrader   SAJ-EN-HC   904-232-2043 
8. Tom Martin   SAJ-EN-HC   904-232-2043 
9. Paul Strodola   SAJ-PD-EA   904-232-3271 
10. Brian Blake   SAJ-EN-C   904-232-1003 
11. Kevin Bodge   Olsen Assc, Inc.  904-387-6114 
12. Steve Howard   Olsen Assc, Inc.  904-387-6114 
13. Virginia Barker   Brevard County   
14. Mike McGarry   Brevard County   
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 Brevard County Mid-Reach Speculation List 1-Jun-06

D = Develop Idea; C = Comment on Idea; X = Deleted Idea

1 C Upland sand sources for truck hauling See below

2 C

Research available upland sources – borrow sites identified (FIND sites: BV-2C [3.2 MCY - 
road issues – hydraulic to barge/rehandle]; CBC barge canal [full, unknown quantity - beach 
quality?]; BV-52 [216,000 CY small quantity – free - beach quality?]; 2 e OR/IWW PM/CO

3 C Dredging Canaveral Shoals and stockpile in mid-reach or north inlet (Beach stockpile issues) See 24
4 C Dredging Canaveral Shoals and stockpile in port (West preferred) disposal area JE/KB

5 X Improve road to BV-2C as mitigation access to borrow
OR/IWW PM/CO 
County

6 X Identify commercial borrow sites (quantities, cost) - Comment not preferred option FM

7 X
Sample and research borings for IWW to determine sand quality - Comment not preferred 
option FM

8 X
Develop sources to cover shortfall in quantities or unsuitable material quantities (contingency 
) - Not required FM

9 X Upper St. Johns River restoration project as borrow source PS
10 X St. Lucie shoal (millions CY – environmental issues)
11 C Develop new FIND receiving sites for stockpiling hydraulic dredged sands See #2
12 C Use barges from CS2 to deliver new FIND – truck haul to site See #2
13 X Place Canaveral by-pass sand in mid-reach
14 C Stockpile on Patrick AFB – truck haul JE/KB
15 X Relocate the rock

16 C
Develop artificial reefs – reef balls on mats (See low-crested breakwater reef – Dade County 
1,800 LF for $2 million) PS

17 D Use Coquina-concrete mats - deep 14' to 16' depth CB
18 X Build Geotube off-shore breakwater – recreation and habitat
19 * Poly-marine mat with limestone placed on top in 12’ to 16’ water *Current Plan
20 C Use Literature search, case studies other resource PS
21 C Consider out-of-kind mitigation (Inlet a possibility) CB

22 C
Conventional fill in reach 3 , stockpile for truck haul north and south, and mitigate 3 acres rock 
3:1 offshore KB/VB

23 C Conventional fill reach 3 and local for other reaches KB/VB
24 C Conventional fill reach 1 and 2 as local and dune truck haul fill 3 thru 6 KB/VB
25 C Develop Geotube core dune system – select locations and leave gaps for nesting PS
26 C Vertical seawall reach 5 (4,000LF) CB/OC
27 C Design turtle friendly dune with flat slopes PS
28 D Develop optimized nourishment plan as a betterment to the compromise plan CB/JE/TM/PS
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COST MODEL 
Cost Model 1: Brevard County Mid-Reach Segment  
Baseline Estimates for Alternatives – Dune Fill, Truck and Dredge 
Beach Nourishment, Shore Revetment and Off Shore Reef Mitigation 
 

Cost Model 2: Brevard County Mid-Reach Segment -  
Maximum Benefits Plan 
 

Cost Model 3: Brevard County Mid-Reach Segment -  
Compromise Plan 
 
 

 
 



 37

VALUE ENGINEERING TEAM STUDY  
APPENDIX C:  

 
 

$44.871

$72.721

$72.101

$19.416

$17.374

$10.551

$14.105

$5.906

$0.000 $10.000 $20.000 $30.000 $40.000 $50.000 $60.000 $70.000 $80.000

M1 Offshore Reef Mitigation 

A7 Shore Revetment Alternative

A6 160 FT Fill Alt - Dredge

A5 100 FT Fill Alt - Dredge

A4 40 FT Fill Alt - Dredge

A3 20 FT Fill Alt - Dredge

A2 20 FT Fill Alt -Truck Haul

A1 5 CY/LF Dune Fill Alt

Cost $ Million

A
lte
rn
at
iv
es

Cost Model 1: Brevard County SPP Baseline Alternatives
Total Construction Estimates - $5.9 to $72.7 Million (FY2006)
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COST MODEL 2: Brevard County Mid-Reach Maximum Benefits 
Shore Protection Plan- Total Construction Estimate - $51.1 Million (FY2006)
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COST MODEL 3: Brevard County Mid-Reach Compromise
Shore Protection Plan - Total Construction Estimate - $33.6 Million (FY2006)
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FUNCTION ANALYSIS 
SYSTEM TECHNIQUE 
(FAST) DIAGRAM –  

Project Function List 
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Achieved Verb-Noun Function:
By Plan (Y/N)

Y Reduce Storm/Hurricane Damage
Y Protect Property/Infrastructure
Y Minimize Erosion Impacts
Y Enhance Beach/Shoreline
Y Contour Dune Fill/Beach Extension
Y Widen Advanced Sand Nourishment
Y Develop Sand Delivery/Placement Options
Y Identify/Distribute Sand Sources 
Y Distribute Sand (Pipe/Truck)
Y Execute Shoreline Protection Plan
Y Modify Beach/Shoreline

Y Minimize Environmental Impacts
Y Protect Environmental Habitat Areas
Y Protect Nearshore Rock/Turtle Nesting Habitat
Y Monitor Sea Turtle Impacts
Y Protect Nesting Habitat
Y Monitor Rock Impacts
Y Mitigate Rock Resources
Y Execute Selected Plan

Y Maximize Economic Deliveries
Y Optimize Shoreline Recreation
Y Optimize Future Shoreline Maintenance

Function Analysis System Technique (FAST) - Brevard County SSP Mid-
Reach Project Function List
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Appendix E: 
Supporting Documents 
Project Alternative Matrix and  

Costs vs. Benefits for All Reaches and Plans 
13 July 2006 
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BREVARD MID-REACH 
COSTS VS. BENEFITS 

THIS IS FOR MITIGATION RATIO 1:3.34 

iManagemenl Measure Number Alternatives 

(NS-1 No-Action NS-1 I oroiect 

~-----============--~R~~CC~HI3~--=---============~~------------======~R~~CHI4~==================9 

IMiliQation Con~on I (3]4:1) 

No 

Mitigation 
Cost 

sc 

Cost MEQ Cost Benefil 

$( 50 SC 

Cost Benefit 

0.0< sc so $( sc 0.0( 

~~~~istion i l8nd NS-7A 100 feel or recession No i 
I 

............ 
' 
' . ... ·t . .. ... . . . ... - i .... .... . .. .... ····- ··•·· · .. ... .. ..................... .......... .. ...................... ! ............................. , 

........... NS-78 134feetor recession No 
NS-7C lleet otrecesslon No +·· 

IS-2 Revetment s-: iO-vear protection level No 

IS-3A Beachface Fill S-3A(1) 10foolextell. of MHW/1 Yes $2,812,97~ 19(1 $3,144,34! $5,957,319 $852,31' $3,228,53! $2,376,22i 3. $3,863,069 1.67 $2,838,76! S6, 701 ,83! $995,35! S1, 147,407 $152,04! 
S-3A(21 20 foot exten. of MHW Yes 2.9· $4,403,97( $8,019,40~ S9ti4,26~ l,ll61 ,24! $2,896,97! 4.0< s: .1s1,14; ~4 . 19, $9,446,49€ $1 ,111,41' $1,290,058 $178,641 
S-3A(31 30 foot exten. or MHW .; Yes 1.8i S5J19,94l 1o6,824 $1,076,66! $4,303,044 53,126,31' 4.01 56,470,941 4.07 So,981 ,81: $12,402,81 S1 ,244,29! $1,423,011 $178,71! 

IS·3B Conventional Fill S·3B 20 tool exten. of MHW Yes 120,941 18 94 >25,408,038 $31,228 982 $3, 174,72! ,62< 51 ,83!,897 1.51 

S-38 1160 toot exten. 1 MHW res 135. 560, .329 $4.819.281 501 298 

IS-38 Conventional Fill S-38(' (20foot exten. of MHW Yes ,967,10l ,045,1 S14,o 12,945 275 ,861 ,24! S2 58:746 3.01 ,392,44! ,728,651 660 58( ,290,058 0370 522 0. 
INOl :umulative S-3B(2)140 fool exten. of MHW Yes 889,41: >15,' ,15! 147319 32! ,144 449,347 75866( ,541, 0215119 0.81 

-38(31 160 fool exten. or MHW ·es 1.41 117,- ,951 24: 314,66( 860 82i 01911 858 0.8! 
BO root exten. or MHW es 141 96< 1141 124l o2o 0.111 
100 toot exten. 1 MHW es 15: 930,£7! 062 o321 0.11< 

l-----------+*~~1~~~~~ootte~~n~-- m~IM~HW---4-.y~~es~~~~~~~~~~~~~~~~~~~~-34~1 ~~~--~~~~~~~~~~~~20~3~~~1~6~H ~~~~ii---~~o~.-140 foot exten. of MHW • • '.95 S11 ,04! 84l $26,749,035 $1 986,661 S4 1,39< S2 871 $18,336,201 $33.473,63! $2 316.39i Sl ,22C v_" 

160 root exten. of MHW $18,334,- '.95 ,045 84l $29,360,455 $2 133,59< $4,864,26! S2 730 674 2.2! $17,405,845 13.53 $18,336,201 $35,742,04! $2,441,06' $1 ,742,151 

IS-8 Dune and Vegetation S-8 I fool exlen. or MHW No n 0.0\ $( $1 130,,, $119,72t ~2,419,4! $1 ,699,73(] 13E $1 ,245,2< o.oc $( $1 ,245,2: $673,620 $932,19€ $256,576 

Combination C-1 •une S-8 No 
' 

C-
2 

~i~lv~:(,\plus Dune S-8 plus Yes : : 
C-3 Dune plus Fill S-3A(11 Yes $4,143,20! 1.9( $3,144.346 $7,287,55~ $1,572.036 $3.228.5381 $1,656,502 2.0: $5,108,30< 1.6i $2,836.769 $7.947.07; $1,668,97S $1,147,407 ($521,571 0.6! 

C-S ~i~v~~;ttus uune , .• plus Yes 
..... , ....... . . .. 
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BREVARD MID-REACH 
COSTS VS. BENEFITS 

THIS IS FOR MITIGATION RATIO 1:3.34 

Management Measure 

NS-1 No-AcUon 

NS·7 Condemnation and 
ACQuisUon 

S-2 Revetment 

S-3A Beachface Fill 

S-38 Conventional Fill 
Cumulative 

Reach 1 alone. then 
Reach 1 +2, then 

Reach 1 +2 +3, etc 

Number Alternatives 

NS-1 future without pro·ect 

NS-7 A 100 feet of recession 
NS-78 134 feet of recession 
NS-7C 170 feet of recession 

S-2 50-year protection level 

Construction Acres Mitigation 
Mitigation Cost (3.34:1) Cost 

No 

No 

REACH 6 

Total First 
Cost 

AAEQ 
Cost 

AAEQ 
Benefit 

oeneJ -
Net Cost 

Benefits Ratio 

0.0 

No 
No 

..... ·······+·· ······················I·····························-·············+·············· ·····t·············· ·····+················ 

No 

Yes $3,766,87 2.81 $4,323,00 $8,089,88' $1,052,52 $1,207,55 S155,03l: 1.1 
Yes $5,447,06 4 .81 $6,942,27 $12,389,34< $1,255,90 $1,383.47 $127,57 1.1 
Yes $7,128,25 7.1 $10,041 ,77 $17,170,02 $1.488.67 $1.488,37 $298 1.0 

Yes 
Yes 

........... ; ... . ··-:- ... -~ ... . . .. ....... .. .i ... 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

I 

f~· · 
' 

~:f 
,~ 

l r-+ .. l ··-··+··-··-··-··-· 
-~ .... ~ 

~ 
..:...... ; ___,. 

! 

Yes 
Yes 

··<-· · 

• 
Yes 

1r--------------t~~~~~~~~~~----~~Y~e~s~? ...................... i ............... t ......... ............ .. 
Yes 

S-8 Dune and Vegetation S-8 1 foot exten. of MHW No $1,459,56 $ $1,459,56 $789,86 $920,11 $130,24 1.1 

............. . ..... , ................... . Combination C-1 Revetment plus Dune S-8 No 
Revetment plus Dune S-8 plus 

C-2 Fill S-3A(1) Yes 
C-3 Dune plus Fill S-3A( 1) Yes $5,226,44 2.81 $4,323,0071 $9,549,449 $1 ,842,388 $1,207,55S ($634,830 0.6 

Revetment plus Dune S-8 plus 
C-4 Fill S-3A(2) Yes 

Kevetment plus uune :;-6 plus 
C-5 Fill S·3A(3) Yes I 
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