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Executive Summary 
 
In response to community interest, the Brevard County Board of County Commissioners tasked the 
Brevard County Natural Resources Management Office to assess the feasibility of constructing multi-
purpose artificial surfing reefs (ASRs) – that may be compatible with Brevard County’s shore protection 
program. This document summarizes the feasibility study that was performed to assess potential locations 
for various types of a multi-purpose artificial surfing reef– referred to as an “ASR”. 
 
A comprehensive literature review and interviews of local governments which have constructed an ASR 
indicate the following:  

�  Construction of only four ASR’s has been completed: two in Australia, one in New Zealand and 
one in California. Of these constructed ASR’s, only the ASR in Narrowneck Australia was 
constructed for purposes of both surfing enhancement and erosion control.  

�  ASR’s have been designed and generally found to enhance surfing – particularly during relatively 
large-clean-swell wave events that are weather and wave dependent.   

�  There remains uncertainty as to the predictability of the extent to which ASRs affect erosion of 
adjacent beaches. Even after over 8 years of monitoring of the Narrowneck Reef in Australia, the 
extent to which the Narrowneck reef may have reduced erosion of the adjacent beaches has not 
been definitively quantified – in part due to insufficient shoreline data for the period prior to 
construction of the Narrowneck reef. 

 
Erosion patterns along the Brevard County shoreline from Port Canaveral to Sebastian Inlet were assessed 
to identify three potential candidate ASR sites: (1) south of the Cocoa Beach Pier, (2) Lori Wilson Park, 
and (3) north of the Indialantic Boardwalk. After consideration of erosion rates, availability of public 
access, and the potential for increased economic activity, the area south of the Cocoa Beach Pier was 
selected as the optimal prospective site.   
 
The ASR configuration proposed by ASR America was chosen by the Feasibility Study Team for analysis 
of wave conditions and potential ASR effects. This analysis leads to the following conclusions: 

�  The ASR is expected to produce waves that are appropriate for beginner to advanced “surfing 
skill levels”.  

�  During normal small wave conditions, the ASR is expected to shelter and create an accretion 
salient primarily along the shoreline in the lee of the reef structure.  

�  Although the shoreline and any salient in the lee of the structure are subject to erosion during 
high wave events, the salient will accrete and return during normal wave conditions to provide 
dynamic stability in the lee of the structure.  

�  The ASR will not fix the shoreline in its lee, but will create a salient that is expected to erode with 
the surrounding beaches; the ASR will likely reduce local erosion rates near the ASR.   

�  The ASR will produce rip currents during large wave events that could pose a risk to swimmers 
and surfers. 

 
To reasonably provide for public safety, it is expected that the County will need to:  

�  Provide a year-round lifeguard and tower at an estimated cost of approximately $75,000/year. 
�  Adopt regulations regarding vessel use on and around the ASR. 

 
The cost to meet State of Florida requirements for design, permitting and post-construction monitoring is 
estimated at $985,000. The probable construction costs for an ASR are estimated at between $3.6M, if 
comprised of concrete rubble, and $8.5M, if comprised of limestone rock. A sand-filled-geotextile-
container or “sand bag” ASR, as recommended by ASR America, is identified as the preferred material at 
a probable construction cost of $5.7M. 
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Minor adverse environmental impacts are associated with burial of the seafloor beneath an ASR structure 
regardless of construction material. A pure sand mound would provide the fewest ecological impacts. 
However, rigid ASR materials would provide desirable relief and structural complexity that would likely 
attract fish and motile invertebrates and potentially provide some recreational benefits associated with 
diving, snorkeling, and/or fishing. To serve as any significant hardbottom mitigation in Brevard County, 
an ASR would need to be comprised of limestone boulders or limestone embedded in concrete.   
 
Potential benefits associated with an ASR in Brevard County include erosion control, recreation and surf 
contest events. Erosion control benefits are equal to the value of the reduced quantity of sand needed to 
maintain the Brevard County Federal Shore Protection Project. Recreation benefits are associated with 
increased visitation to the area by surfers drawn to the ASR. Event benefits are associated with a major 
surf contest or comparable surfing event that might be developed to draw visitors to the area and stimulate 
commercial economic activity.  
 
For the purposes of this study, a range of potential scenarios are assessed in recognition of uncertainties. 
Based upon review and analysis of available data, the likely best case scenario assumes: 

�  Beach fill maintenance requirements will be reduced by about 8,557cy per year.   
�  Surfing Events will not likely occur due to the distance (1000± feet) of the reef from the beach, 

and the inability to view surfing action on an ASR from the beach.  
�  An ASR will significantly improve surfing conditions – sufficient to lure additional visitors to 

Brevard County – on average about 34 days per year.  
 
For an ASR as assessed in this study, for the likely best case scenario:  

�  Total annual benefits are estimated at up to $191,294 per year.   
�  Total annual costs are conservatively estimated to be at least $579,667 per year.  
�  An ASR is predicted to most likely have a benefit-cost ratio of 0.33 or less.  

It is Coastal Tech’s professional opinion that an ASR for Brevard County is not economically justified 
and is not expected to qualify for state or federal cost-sharing.    
 
On November 14, 2008, ASR America, one member of the five-member consulting team contributing to 
this report, provided alternative assumptions and assertions that purport a different range of benefit-cost 
ratios varying from 1.3 to 4.0.  The full text of ASR America’s independent opinion with associated 
benefit-cost ratios is found in Appendix C-8.  However, it is the professional opinion of Coastal Tech, 
lead consultant selected by Brevard County for this study, that (a) the assumptions of ASR America are 
unlikely to occur under conditions that exist in Brevard County, and (b) the most reasonable assumptions 
lead to benefit-cost ratios that range from 0.1 to 0.33. Therefore, the most likely best case scenario results 
in estimated costs that are at least three (3) times the predicted benefits. 
 
Note that: 

�  Surfing Event benefits are not expected to be viable benefits under USACE criteria.  
�  Additional recreation benefits and any additional “storm damage reduction benefits” constitute a 

“Betterment” of the federal USACE Shore Protection Project for which the County would “pay 
the incremental cost” of an ASR.  

�  If the County elects to pursue an ASR, at best, federal and state cost-sharing is expected to be 
limited in proportion to the percentage of “Erosion Benefits/Costs” as cited in Table 8.5.  

�  Other local tourism and associated marketing benefits might be realized with the construction of 
an ASR – beyond those benefits specifically addressed in this report. Such other benefits are not 
expected to provide a basis for cost-sharing in an ASR by the USACE or FDEP. 
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1.0 Introduction 

1.1. General 
 
In response to community interest, the Brevard County Natural Resources Management Office 
(COUNTY) is considering the feasibility of multi-purpose artificial surfing reefs (ASRs) to 
enhance erosion control, surfing conditions, and associated recreational opportunities - 
compatible with Brevard County’s shore protection program. This document summarizes a state-
of-the-art Reconnaissance-Level Feasibility Study of the economic, physical, and environmental 
aspects of various types of multi-purpose artificial surfing reefs that might be considered for 
construction along Brevard County’s Atlantic coastline. 
 
A “short list” of alternatives for a Multi-Purpose Artificial Surfing Reef is herein identified as 
considered practical for the Brevard County/Space Coast community.  The relative merits (pros 
and cons) of each of these ASR alternatives are herein presented – as a reconnaissance-level 
evaluation – in terms of probable: 

·  Costs 
·  Performance (surfing, shore protection, other recreation) 
·  Predictability 
·  Revenue and expenditure 
·  Public benefits  
·  Constructability 
·  Longevity/Stability 
·  Shoreline stability benefits or impacts  
·  Mitigation requirements 
·  Coordination with other shore protection projects 
·  State and federal cost-share potential 
·  Permitting and monitoring requirements, and 
·  Other relevant topics 

 
Specifically excluded from this initial study are detailed engineering design or design modeling, 
permitting, detailed economic surveys, in-depth legal (and liability) considerations, 
environmental assessments, and physical surveys. 
 
This document was prepared by Coastal Tech with the appendices and quoted excerpts within 
this document prepared by other members of the Project Team which includes: 

·  CSA International, Inc. (CSA)  
·  Surfbreak Engineering Sciences, Inc. (SES)  
·  ASR of America (ASRA) 
·  Praecipio EFS (PEFS). 

 
The preparation of this document was authorized by the Brevard County Board of County 
Commissioners at their meeting of February 7, 2008.  
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1.2. Scope 
 
Per the approved Scope of Work, this document specifically summarizes results of the following 
tasks:  
 

�  Task 1 – Existing ASR - a review and summary of existing literature and interviews 
with local sponsor government and user groups – surrounding existing artificial surfing 
reefs (ASRs). 

 
�  Task 2 – Conceptual Design –including: 

o Task 2a - Siting Analysis – identification and ranking of locations where an ASR 
might be employed to (i) reduce local longshore transport without a significant 
increase in downdrift erosion, (ii) optimize public access, and/or (iii) optimally 
prompt increased economic activity and associated economic benefits.  

o Task 2b – Conceptual Design – ASR Configuration – initial formulation of 
conceptual designs for candidate ASRs based upon local knowledge, the 
literature, and experience/judgment.  

o Task 2c – Wave Analysis - analysis of the performance of candidate ASRs 
relative to waves with assessment of hydrodynamics and refinement of the 
conceptual design for the top ranked candidate site.  

o Task 2d – Conceptual Design ASR Structure – identification of the expected 
maintenance requirements, structure life, construction methodology, probable 
initial construction costs and maintenance costs. 

o Task 2e - Public Safety – consultation with the Brevard County Ocean Lifeguard 
Coordinator to (a) assess the potential impacts on beach safety and (b) identify 
any additional costs to provide for public safety.  

o Task 2f – Opinion of Probable Costs - assess the expected requirements and 
probable costs to complete design of ASR’s at the top three candidate sites.  

 
�  Task 3 – Environmental Assessment a “desk-top” analysis of the environmental impact 

of the candidate ASR’s.  
 
�  Task 4 Benefits & Cost Analysis – including:  

o Task 4a –Erosion Control Benefits  - relative to beach stability and future beach 
nourishment requirements associated with the Brevard County’s Federal Shore 
Protection Project 

o Task 4b – Increased Recreational Benefits – relative to increased recreational 
use of candidate ASRs,  

o Task 4c – Benefit/Cost Analysis – determination of B/C ratio and as well as 
State and/or Federal cost-share eligibility  

 
�  Task 5 - Report and Presentation – a written summary of the above.  
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2.0 Existing ASR Review 

2.1. Literature Review 
 
A review of existing ASRs is herein conducted to identify: 

a) examples of constructed ASRs, 
b) the type of construction,  
c) how ASRs principally work, and 
d) the extent as reported or indicated in the literature that (i) ASRs are successful in terms of 

surf enhancement and shore protection, and (ii) are applicable to Brevard’s coastline. 
The detailed literature review is by ASR America (ASRA) and is presented in Appendix C. 
 
Known constructed ASR’s include: 

�  Narrowneck, Queensland, Australia,  
�  Cables, Western Australia, Australia,  
�  Pratte's Reef, El Segundo, California, Los Angeles, USA, and  
�  Mt. Maunganui, New Zealand (completed June 2008).  
 

Table 2.1 (adapted from Appendix C.1) summarizes an overview of the characteristics for the 
constructed ASRs. The primary function of ASRs has generally been to provide surfing 
enhancement and/or coastal protection; a secondary function has been to provide ecological 
enhancement. The measure the success of each ASR is dependent upon its intended primary 
function or purpose.  Of the four (4) constructed ASRs, three (3) were designed primarily for 
surfing enhancement while only one (Narrowneck) was designed primarily for coastal protection 
with a secondary purpose of surfing and ecological enhancement (see Appendix C.1 by ASRA).  
Table 2.1 summarizes the intended primary functions of existing ASRs from Appendix C.1.  
 
As generally identified ASRA in Appendix C  

·  ASRs principally work by inducing (a) dissipation of wave energy via friction and wave 
breaking, and (b) “wave rotation” via refraction.   

·  The Narrowneck Reef “…has been successful in stabilizing the adjacent beaches and 
reducing the longshore sediment flow…and…has been reasonably successful as a surfing 
enhancement structure.” [The Narrowneck reef has not actually stabilized the adjacent 
beaches but has reduced erosion; see Section 4.3 of this report.] 

·  The Cables ASR provided no appreciable accretion along the shoreline nor was it 
intended to do so; the ASR is estimated to have significantly “raised the number of 
‘surfing days’ from 20 to greater than 150 days per year”.   

·  The Pratte’s Reef did not provide surfing enhancement nor did it have an effect on 
shoreline morphology.  [The Los Angeles Times reported on October 9, 2008 that 
Pratte’s Reef will be removed. As identified on the website of the Surfrider Foundation: 
“The removal process will begin on Tuesday, September 30 and finish Friday, October 
17th” 2008.]  

·  The Mt. Maunganui Reef is now complete and “…delivers quality waves during 
favorable conditions and surveys performed since reef construction began have recorded 
variable salient formations in the lee of the reef”.  
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Table 2.1 - Comparison of existing multi-purpose artificial surfing reefs  
(Adapted from: Appendix C.1 by ASRA) 

Reef  Cables  Narrowneck  Pratte’s  Mt. Maunganui  

Location  
Western 
Australia  

Queensland 
Australia  

California  
USA  

North Island  
New Zealand  

Status  
Completed 

1999  
Completed  

2000  
Completed 

2001  
Completed 

2008  

Primary  
Function(s)  

Surfing 
Enhancement  

Coastal 
protection, 
surfing and 
ecological 

enhancement  

Surfing 
enhancement 
and mitigation  

Surfing and 
ecological 

enhancement  

Construction  
Material  

Granite rocks  
Geotextile 
sand filled 
containers  

Geotextile 
sand filled 
containers  

Geotextile sand 
filled containers  

Construction  
Method  

Barge and 
crane  

Split-hull 
barge  

Barge and 
crane  

Rapid Accurate 
Deployment  

Volume  5000 m
3
 60,000 m

3
 1600 m

3
 6500 m

3
 

Cost per unit 
volume  $303 /m

3
 $50 /m

3
 $312 /m

3
 $160 /m

3
 

Effectiveness  
For Coastal 

Protection  

Not 
applicable  Very good  

Not 
applicable  

Moderate (not 
primary 
function)  

Effectiveness  
For Surfing  

good  moderate  poor  good  

Wave Description  
Low 

intensity 
mellow wave  

Low intensity 
mellow wave 
during mean 

swell 
conditions.  
Needs large 

swell to break 
well.  

Mushy to  
non-existent  

Hollow 
challenging wave 

during clean 
mean swell 
conditions  

Effectiveness  
For Ecology  

unknown  Very good  Good while 
reef existed  

Very good  

Comments  
Satisfied all 

design 
requirements  

Imprecise 
construction 

method 
reduced 
surfing 

potential  

Inadequate 
design and 
materials  

Construction 
delays have 
prevented 

reaching full 
potential  

 



 
November 17, 2008 

5 

2.2. Interviews 
 
For known ASRs, Praecipio EFS (PEFS) contacted the ASR’s local sponsor government and 
user groups to request and obtain documentation and/or anecdotal characterizations as to whether 
the ASRs:  

·  significantly improved surfing conditions, 
·  attracted more visitors and economic expenditures in the surrounding region, 
·  benefited local erosion control efforts,  
·  created any public safety issues, and 
·  are considered economically justified. 

 
The interviews conducted by PEFS are summarized in Appendix A from which the following is 
noted:   

·  At Cables, as described by Dr. Pattiaratchi, the ASR “…raised the number of “surfing 
days” from 20 to greater than 150 days per year.” On the other hand, Geoff Trigg, 
Manager of Engineering Services for the Town of Cottlesloe, stated “No significant surf 
improvements are obvious”.  No economic analysis was conducted in association with 
the construction of the Cables ASR. 

·  According to Angus Jackson, Director & Principal Engineer for International Coastal 
Management, Australia, the Narrowneck Reef “…acts as a control structure that forms a 
salient in fine weather and reduces extent of storm cut in storms” but, John McGrath of 
the Gold Coast City Council, Australia, also stated “…the (surfing) improvements were 
well short of the expectation of our local surfing community.”   

·  For the Pratte’s Reef, Chad Nelson of the Surfrider Foundation noted that “the reef did 
not create any surf at all. It was too small.” 

·  The following is noted regarding the Mount Maunganui Reef: 
Per Craig Hadfield:  
o The ASR has only recently been completed and “…it is too early to evaluate 

economic benefits.” 
o “The caliber of the lead contractor and their ability to work with a project 

manager is of paramount importance.”  
Per Stephen Town, Chief Executive of the Tauranga City Council: 
o “It was fully understood from the beginning that the reef design was experimental 

in nature - Council accepted this risk being the first design of its type in New 
Zealand. 

o There is speculation that the performance of the reef will not meet the predicted 
performance stated in the design.” 
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3.0 Conceptual Design – Siting Analysis  

3.1. General 
 
This section assesses, identifies and ranks potential locations where an ASR might be employed 
to (i) potentially reduce local longshore transport without a significant increase in downdrift 
erosion, (ii) optimize public access, and/or (iii) optimally prompt increased economic activity 
and associated economic benefits.   

3.2. Longshore Transport & Erosion 
 
Detailed assessment of the effects of an ASR upon sediment processes is beyond the scope of 
this study. In consideration of longshore transport and erosion to identify candidate ASR sites, it 
is assumed that: 

·  Eroding beach segments with maximum volumetric and shoreline change rates – 
commonly referred to as “hot-spots” – are coincident with the maximum gradients in 
longshore sediment transport.  

·  An ASR is expected to reduce longshore transport in the lee of the structure. 
·  At a location with a maximum change rate and with a decreasing change rate in the 

downdrift direction – for both shoreline and volumetric change - an ASR might be 
constructed to “smooth out” the gradient without a significant increase in downdrift 
erosion. 

 
Shoreline and volumetric change rates are identified in reports and data provided by the Brevard 
County Natural Resources Management Office.  The following is a list of shoreline regions and 
associated reports employed to assess potential ASR sites on the basis of longshore transport and 
erosion (with the associated Florida Department of Environmental Protection [FDEP] reference 
monument): 

·  The North Reach & Patrick Air Force Base (PAFB), 2005 Project Renourishment 2-Year 
Post-Construction Physical Monitoring Report, Olsen, 2007a. (R1 – R75) 

·  The Mid Reach, Assessment of Nearshore Rock and Shore Protection Alternatives along 
the “Mid Reach”, Olsen, 2003. (R75 – R118.3) 

·  The South Reach, 2005 Project Renourishment 2-Year Post-Construction Physical 
Monitoring Report, Olsen, 2007b. (R118.3 – R139) 

·  The South County Beaches, Economic Analysis of Beach Nourishment Alternatives, 
South Beaches, Olsen, 2007c. (R139 – R219) 

 
Shoreline and volumetric change rates from the above reports are herein assessed to identify 
potential ASR candidate sites based on the assumptions cited above. Documented volumetric 
changes are limited to the data available for the “North Reach & PAFB” and the South Reach; no 
volumetric change data is available for the Mid-Reach and South County Beaches.  Figures 3.1a 
– 3.1d contain the MHW changes or change rates for the “North Reach & PAFB”, the Mid 
Reach, the South Reach, and the South County Beaches, respectively. Red arrows denote a 
location with a maximum change rate and with a decreasing change rate in the downdrift 
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direction where an ASR might be constructed to “smooth out” the gradient without a significant 
increase in downdrift erosion. Table 3.2 summarizes these locations.  
 

 
Figure 3.1a - MHW change rates for North Reach & PAFB from 2001 to 2007 

Based upon data from: Olsen, 2007a 
 
 

 
Figure 3.1b – Mid-Reach MHWL & Bluff Line changes from 1972 -1997 

Adapted from: Olsen, 2003; red arrows added by Coastal Tech 
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Figure 3.1c - South-Reach MHW change rates from 2003 to 2007 

Based upon data from: Olsen, 2007b 
  

 

 
Figure 3.1d - South County Beaches MHW change rates from 1972 to 2005 

Based upon data from: Olsen, 2007c 
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Figures 3.2a and 3.2b contain the volumetric changes for the “North Reach & PAFB” and the 
South Reach, respectively – with the re-nourishment fill volumes removed.  In each figure, the 
red denotes a location with a maximum change rate and with a decreasing change rate in the 
downdrift direction where an ASR might be constructed to “smooth out” the gradient without a 
significant increase in downdrift erosion. Table 3.2 summarizes these locations. 
 

 
Figure 3.2a –Volume change rates for North Reach & PAFB from 2001 to 2007 

Based upon data from: Olsen, 2007a (above -16’ NAVD) 
 

 
Figure 3.2b –Volume change South Reach from 2003 to 2007 

Based upon data from Olsen, 2007b (above +2’ NAVD) 
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Table 3.2 summarizes the reaches that might be selected as a candidate ASR site based upon 
consideration of longshore transport and erosion. Based on the assumed criteria cited above, 
candidate sites exist near: 

·  R2, R8 to R9, R17 to R19, R28 to R29 - within the “North Reach & PAFB” 
·  R121 to R122, and R136 to R137 - within the South Reach. 

 
Table 3.2 - Candidate ASR Sites - based on longshore transport & erosion 

Volumetric Change MHW Change  
Reach 

FDEP 
Reference 
Monument  (cy/ft/yr) (ft/yr) 

R2 -14.4 -11.8 
R8 to R9 -15.0 to -21.3 -20.8 to -17.0 

R17 to R19  -14.4 to -7.6 -8.4 to -9.8 
North Reach 

& PAFB 

R28 to R29 -3.6 to -5.6 -10.4 to -8.9 

R85 -- -1.5± 
Mid Reach 

R112 -- -0.9± 
R121 to R122 -10.9 to -11.3 -8.7 to -5.4 

South Reach 
R136 to R137  -7.1 to -8.1 -8.3 to -4.2 

R146 -- -2.7 

R156 -- -2.1 

R162 -- -1.9 

R169 -- -1.2 

South County 
Beaches 

R179 -- -1.7 

Note: No value indicates no volumetric data available  
 

3.3. Public Access  
 
Assessment of public access is based upon maps provided by the Brevard County Natural 
Resources Management Office.  For those candidate sites determined in the assessment relative 
to longshore transport and erosion, the number of public parking spaces within one-quarter mile 
of the FDEP reference monument is herein identified. Parking includes that which is available 
along adjacent streets, at beach access sites, and/or at parks within one-quarter mile of the FDEP 
reference monument.   
 
Figure 3.3 summarizes parking spaces within one-quarter mile of each FDEP reference 
monument along Brevard County beaches. Note that some parking spaces are within one-quarter 
mile of multiple monuments. The purpose of this chart is to provide perspective and allow 
flexibility for refining candidate ASR site locations. 
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Figure 3.3 – Summary of Parking Spaces 

                  within one-quarter mile of Brevard County reference-monuments  
         

As identified in Table 3.3, all candidate sites include significant parking within one-quarter mile 
of each reference monument with the exception of the site in Melbourne Beach near R136, which 
is surrounded by single-family homes with only 20 parking spaces within one-quarter mile. 
 
 

Table 3.3 - Public access site evaluation 

Reach 

FDEP 
Reference 
Monument Access Sites 

Parking Spaces 
within 1/4 mile 

R2 Jetty Park* 320 

R8 to R9 
Jefferson Ave.  to 

Jackson Ave. 
200 to 154 

R17 to R19 
Cocoa Beach Pier to 

Park Lane 
410 to 323 

North Reach 
& PAFB 

R28 to R29 Lori Wilson Park 358 

R121 to R122 
Indialantic 
Boardwalk* 353 South Reach 

R136 to R137 
Birch Ave. to Elm 

Ave** 20 to 180**  

Note: * indicates Primary Beach Access Park, 
** Elm Ave within ¼ mile of Spessard Holland Park 
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3.4. Economic Activity 
 
PEFS assessed and ranked zones within the North Reach and South Reach relative to existing 
commercial use to provide a basis for determining where an ASR may prompt increased 
economic activity and associated economic benefits.  Appendix A contains the commercial use 
data compiled by PEFS; Table 3.4 is an adapted summary of the key data identified by PEFS.   
 
Note that the PEFS commercial use assessment was conducted for the Brevard County regions 
for four Zones: 

1) Cocoa Beach North Zone – from Taft Ave (~R15) to Banana River Boulevard (~R26) 
2) Cocoa Beach South Zone – from A1A at Surf Drive (~R26) to Minuteman Causeway 

(R35)  
3) Indialantic North Zone - from Canova Beach Park (~R105) to Doubletree Hotel (~R115) 
4) Indialantic South Zone – from A1A at Boskind Avenue (~R118) to Melbourne Beach 

welcome sign at Ocean Avenue (~R133).   
 
The regions including Cape Canaveral, Satellite Beach to Indian Harbor Beach, and Melbourne 
Beach south to Sebastian Inlet were not included in the PEFS analysis due to lack of public 
lodging density when compared to the above mentioned zones. 
 
 

Table 3.4 - Commercial uses - as identified by PEFS 
Adapted from: Appendix C 

Zone 

Cocoa 
Beach 

North Zone 

Cocoa 
Beach 

South Zone 
Indialantic 
North Zone 

Indialantic 
South Zone 

FDEP Reference Monuments R15 to R26 R26 to R35 R105 to R115 R118 to R133 

Hotel/Motel Rooms 1738 1534 830 114 
Restaurants 40 42 34 27 

Retail Establishments 33 40 24 27 
Service Establishments 18 30 16 25 

Recreation Fitness 3 2 10 11 
Surf Specialty  6 3 1 8 

 
 

PEFS noted the following: 
·  Both Cocoa Beach Zones are preferred to either Indialantic Zone. 
·  Cocoa Beach South Zone has slight advantage over Cocoa Beach North Zone with 

respect to restaurants and retail while Cocoa Beach North Zone has slight advantage with 
respect to hotel/motel accommodations. The commercial data does not suggest clear 
superiority between either of the Cocoa Beach Zones. 

·  Indialantic North Zone is preferred over the Indialantic South Zone. 
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3.5. Siting Analysis Summary 
 
Based on the above siting analysis, the top three (3) candidate sites are summarized in Table 3.5. 
All of the candidate sites ranked well with respect to longshore transport, public access, and 
potential for increased economic activity.   
 

Table 3.5 - Top three candidate sites based on siting analysis. 

FDEP Range 
Monuments Access 

Volumetric 
Change  
(cy/ft/yr) 

MHW 
Change  
(ft/yr) 

Parking 
Spaces 

w/i 1/4 mile 
Economic 
Ranking 

R17 to R19 Cocoa Beach 
Pier to Park Lane 

-14.4 to -7.6 -8.4 to -9.8 410 to 323 tied at 1 

R28 to R29 Lori Wilson Park -3.6 to -5.6 -10.4 to -8.9 358 tied at 1 

R121 to R122 
Indialantic 
Boardwalk 

-10.9 to -11.3 -8.7 to -5.4 353 4 
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4.0 Conceptual Design - ASR Configuration 

4.1. General  
 
Under “Task 2b – Conceptual Design – ASR Configuration”, based upon local knowledge and 
empirical methods identified from the Task 1 review of the literature, for each of the top three 
candidate sites identified in Task 2a, an initial draft summary of design criteria and a rough 
sketch of a potential ASR are herein presented including: 

·  crest elevation along the ASR -  relative to mean low water and NGVD, 
·  crest angle to shoreline and dominant wave energy, 
·  “quality” of targeted surf experience including design surfing-wave height range, peel 

angle, length of ride, and associated target level of surfing skill, 
·  shore-parallel extent and general layout, 
·  potential number of users based upon density of 1 surfer per 5 feet of ASR length, and 
·  range of ambient water depths – as may be practical for construction equipment and 

structural stability. 
A potential ASR configuration can be formulated based upon available empirical methods and 
local knowledge. John Hearin, of ASR America, developed a conceptual design for Brevard 
County to yield erosion control and recreational benefits; this configuration is herein proposed 
for the purposes of this study.  

4.2. Evaluation of ASR Configuration – Surfing Skill 
 
Figure 4.1 identifies the suggested surfable limit and level of surfing skill associated with (a) 
breaking wave height, and (b) peel angle (Hutt et al, 2001).  Figure 4.1 provides a basis for 
identifying appropriate ASR design criteria with respect to breaking wave height and peel angles.  
 

 
Figure 4.1 - Level of surfing skill versus Wave Height & peel angle (Hutt et al, 2001). 
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As identified by John Hearin, of ASR America: 
�  Hutt et al. (2001) demonstrated that Figure 4.1 will often under-estimate the surfing skill 

level required, and presented a revised method for assessing surfing skill reflected in 
Table 4.1 and Figure 4.2. 

�  The peel angle lower limit for professional surfers is currently around 27 degrees while 
most surfers would benefit from peel angles between 30 and 60 degrees. The proposed 
ASR has peel angles at 80 degrees at reef focus (to facilitate take-off), reducing to 60-30 
degrees on reef arms depending on incident wave angles and periods.  

�  Determination of wave breaking intensity (associated with bed gradient, Vortex Ratio, 
Irribarren number) is appropriately addressed via numerical modeling associated with 
preliminary design – beyond the scope of this feasibility study. To optimize breaking 
intensity over the range of expected wave heights, the ASR is proposed to employ a 
convex design with variable slopes; the slope would be high in deep water and gradually 
decline as the reef gets shallower. With orthogonal reef gradients: from 1:5 at base to 
1:40 at crest with an average value of 1:20 at typical wave breaking depths.  

�  Based on these design parameters and the methods described in Hutt et al. (2001) the 
waves breaking on the reef will yield a Surfing Skill Rating from Figure 4.2:  

o 1 meter wave height – levels 2 thru 9 – beginner to expert  
o 2 meter wave height – levels 3 thru 8 – intermediate to expert. 

 
Table 4.1 - Rating of the Skill Level of Surfers. (Hutt et al., 2001) 

Rating  Description of Rating  

Peel 
Angle  
Limit 
(deg)  

Wave Height  
Min/ Max  

(m)  

1  
Beginner surfers not yet able to ride the face of a wave and 

simply moves forward as the wave advances.  
90  0.70 / 1.00  

2  
Learner surfers able to successfully ride laterally along the 

crest of a wave.  
70  0.65 / 1.50  

3  
Surfers that have developed the skill to generate speed by 

‘pumping’ on the face of the wave.  
60  0.60 / 2.50  

4  
Surfers beginning to initiate and execute standard surfing 

maneuvers on occasion.  
55  0.55 / 4.00  

5  
Surfers able to execute standard maneuvers consecutively on 

a single wave.  
50  0.50 / >4.00  

6  
Surfers able to execute standard maneuvers consecutively. 

Executes advanced maneuvers on occasion.  
40  0.45 / >4.00  

7  
Top amateur surfers able to consecutively execute advanced 

maneuvers.  
29  0.40 / >4.00  

8  
Professional surfers able to consecutively execute advanced 

maneuvers.  
27  0.35 / >4.00  

9  
Top 44 professional surfers able to consecutively execute 

advanced maneuvers.  
Not 

reached  
0.30 / >4.00  

10  Surfers in the future  
Not 

reached 
0.3 / >4.00  
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Figure 4.2 - Surfing Skill versus Peel Angle & Wave Height (Hutt et al., 2001) 
 
For Brevard County, wave heights are predominantly less than 2 meters (� 6’). At a wave height 
of about 2 meters, according to Figure 4.1 or Figure 4.2, the peel angle on an ASR might be 
varied to achieve a desirable target skill to yield appeal for (a) surf contests that might be lured to 
the ASR, or (b) experienced or expert surfers, who would most likely be willing to paddle the 
distance offshore (300+m) necessary to reach the ASR. 

4.3. Evaluation of ASR Configuration – Shoreline Response  
 
Figure 4.3 presents results of numerical and physical modeling tests conducted by Ranasinghe et 
al (2006), - “proposed as a preliminary engineering tool to evaluate the potential shoreline 
response to submerged structures”, where: 

     Sa = Distance offshore to Apex of Structure 
SZW = Natural Surf Zone Width 
      B = Alongshore Structure Width 
      Y = Magnitude of Shoreline Response 

 
Note that there is little documented quantitative data surrounding the determination of salient 
size and volume in the lee of an ASR.  As cited by Ranasinghe et al (2006): 

�  “Not only is there insufficient published information available on shoreline response to 
multi-functional ASRs, relatively little is known about shoreline response to submerged 
structures in general.” 

�  Ranasinghe et al (2006) undertook a “series of 2DH numerical and 3D scaled physical 
modeling tests …to investigate shoreline response to broad-crested, submerged structures 
(multi-functional artificial surfing reefs).” 

�  “The version of MIKE 21 CAMS used in this study does not include a changing shoreline 
feature (i.e. shoreline remains fixed during the entire simulation). Therefore, horizontal 
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displacements of the 1m depth contour were used as a proxy for quantifying shoreline 
changes in this study.” 

�  “Another aspect that requires further attention is the robustness of the predictive 
empirical relationships proposed in” Figure 4.3. “As these relationships are based on very 
sparse data, more data points (i.e. more numerical simulations covering a broader range 
of parameter values) are needed to evaluate the robustness of these empirical 
relationships.” 

�  As reflected in Figure 4.3a: “Shoreline accretion (i.e. salient growth) can be expected 
when Sa/SZW>1.5, regardless of wave incidence direction. However, the width of the 
salient will be smaller under oblique wave incidence. Conversely, if the structure is very 
close to the shoreline (Sa/SZW<1), the shoreline will erode regardless of the direction of 
wave incidence.” 

�  As reflected in Figure 4.3b: “While the mode of shoreline response remains unchanged 
for changes in structure crest level, the magnitude of shoreline response (quantity of 
erosion or accretion) is less for structures with lower crest levels.” 

 
As indicated in Figure 4.3, to achieve the maximum positive shoreline response corresponding to 
accretion in the lee of the structure, the structure apex should be located a distance offshore 
equivalent to twice the “Natural Surf Zone Width”.  
 
As identified by ASRA (2008c), Appendix C.3: 

�  The surf zone width (SZW) is a function of the shoreline gradient and wave height. The 
gradient in Brevard County is approximately 1:100. Therefore the typical values for SZW 
in Brevard County vary from approximately 75m to 250m as reflected in Table 4.2.  

 
Table 4.2 – Wave Height & Surf Zone Width  

adapted from ASRA 2008c (Appendix C) 

Wave Height  Surf Zone Width  
(feet) (meters) (feet) (meters) 
1.64 0.5 246 75 
3.3 1.0 (mean) 410 125 
4.9 1.5 656 200 
6.6 2.0 820 250 
8.2 2.5 1066 325 

 
�  The conceptual reef design by ASR America was positioned 300m offshore from MSL 

which is more than twice the SZW for mean wave conditions and still greater than the 
SZW for 2m waves. The Ranasinghe method predicts that accretion will occur behind the 
reef for most wave conditions that occur in Brevard County.  

�  A salient with dimensions of approximately 100m cross-shore and 800m longshore is 
predicted to form behind the reef based on relationships derived by Black and Andrews 
(2001). 

�  Both methods predict that accretion will occur in the lee of the conceptual reef design if 
placed 300m offshore of MSL. 
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Figures 4.3.a and 4.3.b - Shoreline Response & ASR offshore location  

(Ranasinghe et al, 2006). 
 
As identified in Appendix C (ASRA, September 2008): 

“The conceptual reef design has an effective alongshore length of 96m and an offshore 
distance of 300m which equates to a B/S ratio of 0.32. A salient with dimensions of 
approximately 100 m cross-shore and 800m alongshore is predicted to form behind the reef 
based on the relationships derived by Black.” 

  
Monitoring of the Narrowneck reef (Blacka et al, 2008) indicates that between August 2000 and 
January 2008, shoreline changes in the area of the Narrowneck Reef represent overall recession 
at: 

�  an average of  -1.9m/yr along the “northern” downdrift beaches and -1.5m/yr along the 
“southern” updrift beaches, and   

�  an average of  -3.6 m/yr in the vicinity of the Narrowneck Reef. 
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The above data indicates that the Narrowneck Reef has not created a fixed salient, but indicates 
the salient has eroded with the surrounding beaches. The empirical methods to predict the salient 
in the lee of a submerged breakwater – as cited by ASRA in Appendix C and in the literature - do 
not reflect the dynamic variability in the salient shoreline position as seen for the Narrowneck 
reef.  
 
Although the Narrowneck reef has apparently improved surfing, the effects of the reef upon the 
adjacent beaches – relative to reduced erosion - have not previously been quantitatively 
documented. As identified via email (113/08) by Dr. Ian Turner, Deputy Director of Research at 
the Water Research Laboratory at the University of South Wales:  

“The major confounding factor at the Gold Coast site (elephant in the corner...) is that the 
beach in the vicinity of the reef was extensively (over) nourished immediately prior to the 
commencement of reef construction.  Unfortunately, despite our best efforts, we were not 
able to secure the monitoring during this prior period, so the true 'initial' conditions against 
which longer-term trends should be measured, are not recorded.  This nourishment was 
focused at the beach-face, so as anticipated; the beach in the vicinity of Narrowneck has 
adjusted as this additional sand volume moved off and alongshore.  So unfortunately, I regard 
the whole exercise as inconclusive.  I do not think that the reef caused erosion, but the degree 
to which it may have assisted to stabilize a portion of the nourishment volume cannot (in my 
view) be quantified.”  

 
The November 15, 2008 ASRA Response (Appendix C8) identifies for the Narrowneck reef: 
“The average rate of shoreline recession prior to the current project (background erosion) was -5 
meters per year.” The long-term (200-2008) shoreline change rate in the vicinity of the reef is 
documented (Blacka et al, 2008) at -3.6 meters per year. This data indicates a 28% reduction in 
the shoreline change rate for the Narrowneck reef.   
 
To provide some basis for estimating the potential reduction in nourishment requirements, it 
might be assumed that the reef will reduce the erosion at the targeted “hot-spot” – along the 
shoreline (affected by the ASR salient - to become equivalent to the surrounding ambient 
unaffected beaches beyond the influence of the ASR and it’s salient.  For the beaches 
surrounding the potential ASR site near the Cocoa Beach Pier, Table 4.3 summarizes the 
background erosion rate (cy/ft/yr) at the adjacent FDEP reference monuments and a spatially 
weighted average rate: 

�  along the shoreline (2625’ = 800m) predicted by ASRA to be affected by the ASR 
salient, and  

�  along the ambient beaches to the north and south.    
This approach suggests that the reduced volumetric losses attributable to an ASR might be on the 
order of 3.26 cy/ft/yr (11.4 cy/ft/yr – 8.1cy/ft/yr), a 29% reduction, which corresponds closely to 
the 28% reduction in shoreline recession identified above for the Narrowneck reef.   
 
Based upon similar considerations as identified in the above paragraph, John Hearin of ASRA 
has suggested (via 11/4/08 email) that the erosion rate along the ASR salient should be -5cy/ft/yr, 
closer to the background rate of the downdrift beaches near R-20 at 5.1cy/ft/yr. Based upon this 
assumption,   the reduced volumetric losses attributable to an ASR might be on the order of 6.4 
cy/ft/yr (11.4 cy/ft/yr – 5.0cy/ft/yr).   
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Based upon similar considerations as identified in the above paragraphs, ASRA has suggested 
(Appendix C8 - dated 11/14/08) that the erosion rate along the ASR salient would be reduced by 
7.51cy/ft/yr which corresponds to a 66% reduction in the erosion rate.  
 

Table 4.3 – Background Erosion Surrounding Potential ASR Salient 
Data from Figure 3.2a       

Reef Area Ambient Area  

FDEP 
Reference 
Monument 

Volume 
Change 

Rate 
(cy/ft/yr) 

Distance 
between 

Monuments 
(feet) 

Distance 
(feet) 

Change 
Rate  

(cy/ft/yr) 

 Average 
Rate 

(cy/ft/yr) 
Distance 

(feet) 

Change 
Rate  

(cy/ft/yr) 
Average 
(cy/ft/yr) 

R15 -11.4             

    1,019      1,019 -10.9 

R16 -10.5             

    954 363 -12.9 592 -12.0 

R17 -14.4           

    914 914 -13.8     

R18 -13.2           

    984 984 -10.4     

R19 -7.6           

    1,038 363 -6.7 

-11.4 

675 -6.0 

R20 -5.1             

    1,035       1,035 -4.6 

R21 -4.1             

-8.1 

  Totals:  2625     3320     

 
On the other hand, it is commonly recognized, that any sand trapped by an ASR or other coastal 
structure must be placed as “pre-fill” or otherwise, the trapped sand will come from the adjacent 
beaches – consistent with basic principle of “Conservation of Mass”. As identified by ASRA in 
Appendix C,  

�  “sand that forms the salient comes from the whole beach system” (10/31/08) 
�  “large wave events can induce erosion of the salient, however, this feature is expected to 

return with smaller wave conditions” (9/08). 
The above suggests that the volume of sand in the salient has to be placed via beach fill – either 
as “pre-fill” and/or to replace sand from adjacent beaches as sand accumulates in the salient after 
storm events. These considerations suggest that there could be no reduction in beach fill 
maintenance requirements associated with ASR construction. 
 
In general, there remains uncertainty as to the potential effects of an ASR upon the adjacent 
shoreline – which currently cannot be reliably predicted. It’s warranted to consider a range of 
potential shoreline responses including the following fill reductions rates along the salient: 

�  0 cy/ft/yr – associated with likely downdrift effects 
�  3.26 cy/ft/yr – based upon an assumption of no downdrift impacts and Table 4.3 
�  6.4 cy/ft/yr  – as suggested by the 11/4/08 email from John Hearin of ASRA 
�  7.51 cy/ft/yr – as identified in ASRA’s Appendix C8 dated 11/14/08.  
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4.4. Surfbreak Engineering Sciences – Preliminary Wave Analysis 
 
Surfbreak Engineering Sciences Inc. (SES) performed a preliminary analysis of the wave climate 
along Brevard County beaches in the area of the three candidate sites to estimate the number of 
days per year that waves will break on the ASR at each candidate site. Table 4.4 identifies the 
results based upon the ASR crest elevation and linear wave theory via the following equation: 

Hb = 0.78db 
where, 

Hb = Breaking Wave Height 
db = Breaking Wave Depth – over the ASR crest 

This simple preliminary analysis is used as an indicator of the relative potential for “surfing 
enhancement” to support ranking of alternative sites. A detailed assessment of potential “surfing 
enhancement” is summarized in Section 5.3.   

4.5. Reef Capacity 
 
Based upon local knowledge under “crowded conditions” – about one surfer per 5 feet of 
“lineup”, it is anticipated by Coastal Tech that up to a maximum of 130 surfers might use the 
ASR at any one time. However, ASR America has conveyed that: 

�  The method used by Coastal Tech to predict the surfer density will over-estimate the 
number of surfers who could reasonably use the reef at any one time.  

�  The reef is designed to be ridden from the focus (take-off point) to the end of the reef 
without interruption during favorable wave conditions.  

�  Surfers will not spread out along the reef as they typically do at most Brevard County 
beach breaks but will congregate around the focus as they do on first peak at Sebastian 
Inlet and other quality reef breaks around the world.  

�  Surfers will catch waves and ride to the end of the reef then paddle back to the focus for 
their next wave.  

�  The density of the crowd is regulated by the frequency of the waves and the time 
required to paddle back into position.  

�  Based on experience by ASR America with similar reef breaks around the world, the reef 
could support approximately 50 surfers at any one time (25 on each arm of reef).  

�  Lengthening the arms of the reef will not increase the surfer density but it will actually 
decrease the overall wave quality as there is a law of diminishing returns when it comes 
to reef cross-shore length. As the wave propagates down the reef it will lose size and 
reduce in peel angle due to refraction. Extending the reef’s arms will increase the cost of 
the reef without increasing the surfer density. 

4.6. ASR Configuration  
 
The ASR configuration proposed by John Hearin of ASR America is herein proposed as the 
initial basis of this feasibility assessment for each of the top three candidate sites. With a crest 
elevation of -2.7’ NGVD, the configuration presented herein is expected to predominantly 
produce waves suitable for a beginner to intermediate “surfing skill level” - as identified in 
Figure 4.1. With the distance offshore to the apex of the structure at roughly 900 feet to 1200 feet 
(297m to 365m), 3 to 4 times the “Natural Surf Zone Width” during “mean” small wave 
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conditions, some accretion of a salient is expected in the lee of the structure. However, as 
identified in Table 4.2 and Figure 4.3, during storm events with high waves (>8’), the empirical 
methods of Ranasinghe et al (2006) indicate that the potential exists for erosion to occur in the 
lee of the structure when the apex of the structure is within the ambient surf zone. 
 
No changes to the presented ASR design are herein proposed unless: 

�  Economic analysis indicates a need to accommodate an increased number of surfers – 
perhaps achieved via multiple reefs. 

�  Further Analysis – as part of this Study - indicates revisions to the conceptual design are 
warranted. 

If modifications are deemed suitable to the ASR design, the likely modifications might include 
(a) an additional ASR to accommodate more surfers, (b) adjustment of the crest angle relative to 
the shoreline, (c) movement of the ASR in a shore-perpendicular direction to favorably affect the 
shoreline response, or (d) adjustment in the crest elevation to improve surfing conditions or 
public safety. 
 
Figures 4.4 – 4.6 contain the plan view and cross-section for each of the top three candidate sites 
including the information summarized in Table 4.4 below: 
 

Table 4.4 – Key Parameters of ASR at Candidate Sites 
  Breaking Wave Height 

Site 
Distance 

from Shore Low Tide High Tide 

Surfing 
Days  

(days/ Year) 

Cocoa Beach Pier to Park Lane 805’ to 1135’ 1.3’ 3.9’ 179 
Lori Wilson Park 832’ to 1160’ 1.3’ 3.9’ 193 

Indialantic Boardwalk 602’ to 950’ 1.3’ 3.9’ 229 
 

4.7. Discussion  
 
The ASR configuration as proposed by John Hearin of ASR America appears to be well-thought 
and more than adequate for the purposes of this Feasibility Study; this configuration is herein 
adopted as the subject of further evaluation in this Feasibility Study.  
 
Three candidate sites as herein assessed are summarized below in Table 4.5.  
 

Table 4.5 - Top three candidate sites based on siting & wave analysis. 

FDEP Range 
Monuments Access 

Volumetric 
Change  
(cy/ft/yr) 

Parking 
Spaces 

w/i 1/4 mile 
Economic 
Ranking 

Surfing 
Days  

(Number 
/ Year) 

R17 to R19 Cocoa Beach 
Pier to Park Lane 

-14.4 to -7.6 410 to 323 tied at 1 179 
R28 to R29 Lori Wilson Park -3.6 to -5.6 358 tied at 1 193 

R121 to R122 
Indialantic 
Boardwalk 

-10.9 to -11.3 353 4 229 
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The Cocoa Beach Pier is herein identified as the top-ranked candidate site for the following 
reasons: 

(a) The Cocoa Beach Pier site has the greatest potential for generating erosion control 
benefits – associated with the high volumetric losses that might be reduced by an ASR. 

(b) The Cocoa Beach Pier site also has the greatest potential to generate recreational benefits 
associated with the greatest number of nearby parking spaces and the highest Economic 
Ranking. In addition, based upon “preliminary results” from Praecipio EFS (Slotkin, 
2008): 

·  The greatest potential recreational benefits are expected to be associated with a 
major “festival” or surf contest that might be drawn to the ASR. 

·  Commercial interests in the Cocoa Beach area have intimated that they are 
prepared to provide private funding to support a major “festival” or surf contest 
that might be drawn to the ASR. 

(c)  The Lori Wilson Park site is within an area of the federal USACE Shore Protection 
Project that has not required re-nourishment since the original construction of the Shore 
Protection Project (personal communication, Virginia Barker, 6/24/08). An ASR at the 
Lori Wilson Park site, with this “no re-nourishment” or apparently stable condition would 
yield no erosion control benefits which must be related to a reduction in maintenance 
volume requirements for the Shore Protection Project.  [Note that the Lori Wilson Park 
site (a) has comparable potential for recreational benefits as the Pier site, and (b) might 
become most viable - if erosion control benefits are insufficient to justify a basis for 
federal funding of an ASR, and the site is preferred by local interests.] 

(d) Although the “Indialantic Boardwalk” site (R121 to R122) might produce the greatest 
number of “Surfing Days”, this site’s “Economic Ranking” is the lowest among the three 
sites, and local commercial interests have yet to express any intent or desire to support a 
major “festival” or surf contest that might be drawn to an ASR at the site. 
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Figure 4.4a - ASR configuration at R-18 immediately south of the Cocoa Beach Pier 
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Figure 4.4b - Cross-sections from R-18 candidate site 
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Figure 4.5a - ASR configuration at R-28, Lori Wilson Park 
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Figure 4.5b - Cross-sections from Lori Wilson candidate site 
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Figure 4.6a - ASR configuration at R-122 immediately north of Boardwalk 



 
November 17, 2008 

29 

 
Figure 4.6b - Cross-sections from R-122 candidate site 
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5.0 Conceptual Design – Wave Analysis 

5.1. General 
 
In support of this study, Surfbreak Engineering Sciences Inc. (SES), and ASR of America 
(ASRA) conducted analysis of the wave conditions and associated potential effects of an 
artificial surfing reef (ASR) as described below and as presented in greater detail in separate 
reports titled: 

�  “Brevard County Artificial Surfing Reef Feasibility Study – Task 2c – Wave Analysis” 
by SES (2008), Appendix B – hereinafter referred to as the SES Report, and 

�  “Numerical Modeling Analysis of the Brevard County Multi-Purpose Artificial Reef 
Conceptual Design” by ASR America (2008c), Appendix C.3 - hereinafter referred to as 
the ASRA Report. 

5.2. Wave Conditions 
 
As identified in the SES Report (2008), SES has identified the following characteristics for wave 
conditions in Brevard County: 

�  “The average wave height increases notably as one moves southward through the 
county” from Cape Canaveral. 

�  “This gradient in wave height is attributed to the sheltering effects of Cape Canaveral at 
times when waves approach from the north/northeast.” A “peak wave period of 
nominally 8 seconds dominates the climate.” 

�  The “average peak period is almost uniform throughout the county, but with slight 
variation also as a consequence of the sheltering of the Cape.”   

�  The “average wave direction …displays the clear effect of the refraction process in the 
Canaveral Bight, as the incoming waves attempt to align themselves with the curved 
bottom contours & shoreline.” Waves “approach from the southeast more often than 
from the northeast.”  

�  “September through December experiences the largest waves, with October being the 
most energetic month of the year.  Moderate energy levels are seen in January through 
May, and August.  June and July are clearly the least energetic months.” 

�  Average wave conditions at the top-ranked site (near R-18) correspond to an average 
wave height of  2 feet (0.61m) at 104.5o from true north in an offshore water depth of –
25.3 feet (-10.6m) MWL.   

�  For a 25-year return interval storm, the surge elevation is estimated at 7.96 ft (+2.43m) 
NGVD with a corresponding significant wave height (HS) of 7.35 feet (2.24m), where 
HS corresponds to the average height of the one-third highest waves during the storm 
event. 
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5.3. Wave Breaking & Surfing Enhancement 
 
For the top-ranked candidate site, SES employed a two-dimensional Boussinesq wave model to 
model the hydrodynamics (waves & currents) over and around the ASR configuration in detail.  
Figure 5.1 illustrates projected breaking wave conditions for average wave conditions during low 
tide; comparable figures for high tide and mean tide are provided in SES Report (2008), 
Appendix B. The extent of breaking waves is essentially comparable for all tides for average 
wave conditions. However, “surfable” waves are only expected during low tide conditions when 
the water is “very shallow on the crown of the stem, resulting in an increase in breaking 
intensity” (SES, 2008).   
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5.1 –Boussinesq model results for average wave conditions during low tide  
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Wave breaking under typical northeast storm conditions were also assessed by SES, where for a 
“typical” northeast storm, a deepwater wave height of 5 feet (1.52m), and wave period of 11 
seconds were adopted. Figure 5.2 illustrates projected breaking wave conditions for northeast 
storm conditions during low tide; comparable figures for high tide and mean tide are provided in 
the SES Report (2008), Appendix B. Enhanced wave breaking is expected to occur on the ASR 
during all tides for northeast storm conditions. 
 

 
Figure 5.2 - Boussinesq model results for Northeast Storm during low tide 
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As identified in the SES Report (2008), Appendix B: 
�  It is assumed that any wave that breaks on the ASR will be surfable, and will in fact 

provide a better break than would naturally occur at the site.   
�  Waves would be expected to at least ‘trip’ on the ASR approximately 56% of the time.  

However, “tripping” does not necessarily constitute an improvement in surf quality. 
�  Based upon local knowledge of surfing conditions in Brevard County: 

o During conditions associated with the typical peak period of 8 seconds, “if the 
waves are of sufficient height, conditions everywhere along the coast are expected 
to be surfable.”   

o However, with sufficient wave height “during times of long-period swell, … local 
beach-breaks tend to close out”.  

�  It is herein assumed that surfable swell conditions correspond to a peak period (T) equal 
to or greater than 9 seconds and an incident wave height (H) equal to or greater than 2.3 
feet (0.7m).   

�  Based upon the above, “the ASR would be expected to create significantly improved 
surfbreak approximately 34 days per year.”   

�  “September is the most likely month for creating new/improved break, with January, 
October, and December also in contention.  However, as the wave height threshold is 
increased to 1.0m and 1.25m, only September and October retain their claim of creating 
new surfbreak.” 

 
Swell and large wave conditions are: 

�  most attractive to surfers,  and 
�  commonly predicted up to a week in advance of the occurrence via “Surfline” and other 

internet sites that predict surf conditions based upon measured and predicted weather 
conditions,    

�  most likely to draw visitors from outside Brevard County to the ASR site.  
Based upon the above, it is expected that an ASR would likely on average (a) somewhat improve 
surfing conditions about 204 days per year, and (b).significantly improve surfing conditions 
about  34 days per year in association with swell waves (H � 2.3’; T>9 seconds). Due to the 
uncertainties surrounding potential use of an ASR by visitors to Brevard County, a range of 
“improved surf days” should be considered.    

5.4. Wave Sheltering 
 
As identified in the SES Report (2008), Appendix B, SES examined wave sheltering by the ASR 
using maps of “standard deviation of water surface elevation”. Figure 5.4 illustrates “the 
character of the shadow zones of the ASR” for northeast storm wave conditions, which most 
commonly drive erosion along Brevard County beaches. Note that relatively little wave 
sheltering is predicted by SES for normal wave conditions.  
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Figure 5.4 – Wave sheltering patterns for northeast storm conditions 
 
Under northeast storm conditions, Figure 5.4 indicates a 30-40% reduction in the lee of the ASR.  
Note that the breaker height distribution is similar for the low and mean tide levels under storm 
conditions; however, “at high tide the breaker height distribution for the storm waves sits well 
above the other two tide stages, indicative of the ASR losing its effectiveness in tripping waves 
and dissipating their energy” (SES, 2008), Appendix B. 
 
As for potential wave sheltering at the other candidate sites at Lori Wilson Park (R-28) and at the 
Indialantic Boardwalk (R-122), the basic behavior of the waves and the wave sheltering effects 
of the ASR should mimic that found at R-18 near the Cocoa Beach Pier – as shown in Figure 5.4.  
Lori Wilson Park should in fact be quantitatively the same because the site is close (< 2 miles) 
from the Cocoa Beach Pier and the wave climates are nearly identical.  At  the Indialantic 
Boardwalk, the waves are the same period and possess a similar directional distribution relative 
to the local shoreline orientation as at  the Cocoa Beach Pier, but are significantly larger and with 
the same ASR configuration, the structure will tend to lose some sheltering capabilities at high 
tide more often than an identical structure at the Cocoa Beach Pier (SES, 2008), Appendix B. 

5.5. Rip Currents 
 
SES developed an estimate of mean currents by time-averaging the Boussinesq model output 
over a period of 130 seconds.  As identified in the SES Report (2008), Appendix B: 

�  Under average wave conditions, strong rip cells are not generated, regardless of tide 
stage.   
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�  Under northeast swell conditions, rip cells appear more likely to occur, particularly at 
high tide – as reflected in Figure 5.5.   

�  Due to its close proximity to the Cocoa Beach Pier (R-18), the potential for rip currents at 
the candidate site at Lori Wilson Park (R-28) is expected to be similar to that at the 
Cocoa Beach Pier.  At the Indialantic Boardwalk (R-122) however, a greater potential for 
stronger, more prevalent rip currents exists due to the significantly larger waves 
experienced here. Fundamentally, the larger waves at the Indialantic Boardwalk will 
likely create stronger rip currents as compared those rip currents that may develop at 
either the Cocoa Beach Pier or Lori Wilson Park sites.   

5.6. Extreme Storm Events 
 
SES applied the Boussinesq model to assess the effects of an extreme storm event – assumed as a 
25-year return interval storm. As identified in the SES Report (2008), Appendix B: 

�  Although the ASR is expected to cause “dramatic perturbation to the wave and current 
field near the structure, conditions at the shoreline are somewhat uniform in the 
longshore direction. This indicates that the ASR, in-and-of itself, will provide little 
beach protection during an event of this magnitude, particularly due to the large storm 
surge.” 

�  “It is expected however, that a small salient will form in the lee of the ASR under 
typical wave conditions. Under storm conditions the salient will provide some 
additional erosion protection as compared to the neighboring beaches, but the salient 
will be a focal point of erosion, and consequently moved/dispersed in the direction of 
the longshore current generated by the storm.” 

�  “In regard to the other candidate sites, during extreme events an ASR located at R-28 is 
expected to have much the same impact as at R-18. If exactly the same ASR design 
were to be used at R-122, because it experiences bigger waves, a smaller salient is 
expected to form under normal wave conditions.”  

�  “During storm conditions with high water levels, the ASR will be less effective at 
blocking wave energy, and the salient will be eroded away rapidly.” 
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Figure 5.5 – Current vectors during northeast storm conditions at high tide. 

5.7. Longshore Sand Transport Potential 
 
As identified in the SES Report (2008), Appendix B: 

�  Longshore transport is commonly estimated using the following formula 

bbbl HgQ aar cossin46.0 2/52/3=   

where  lQ is the volumetric transport rate (m3/day),  
�  is the mass density of sea water (1020 kg/ m3),   
g is gravity (9.8 m/s2),  
Hb is the significant breaker height (m), and  
� b is the angle of incidence at breaking, with respect to shore-normal.   
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�  Based upon the above, longshore transport was computed.  “With a shore-normal of 
100o, the gross average transport was found to be 334 m3/day (159,300 yd3/year), and 
the net average transport was found to be 177 m3/day (84,400 yd3/year) to the north.  
Although reasonable in magnitude, finding net transport to the north is a confounding 
result.  However, previous studies that used only high-resolution directional wave 
measurements from an ADCP located in southern Brevard County (SES, 2006) found 
the same result, i.e. net forcing to the north.  Unfortunately, investigating and resolving 
this issue are far beyond the scope and budget of this exploratory feasibility study.” 

�  “Regardless of the actual net longshore transport rate, because of the small size of the 
ASR and its submerged design, the ASR will have little long-term impact on the 
longshore transport rate.  In the short term, the sheltering effect of the structure will 
cause a salient to form, with sand being supplied to it from transport from either 
direction.  However, as the salient reaches maturity and the fronting beach steepens, the 
natural longshore transport rate is re-established.  It is also important to understand that 
the salient will never reach a true equilibrium, because the wave climate continually 
changes.  The salient will grow during quiescent times, and then be obliterated during 
severe storms.” 

5.8. Predicted Shoreline Response 
 
ASRA applied empirical methods and models to predict the response of the ASR upon littoral 
processes and upon the adjacent beaches and shoreline. Application of the empirical methods 
developed by Ranasinghe et al (2006) is summarized in Section 4.6 of this report.  As identified 
in the ASRA Report (2008c), Appendix C.3: “The conceptual reef design was positioned 300 m 
offshore from MSL which is more than twice the SZW for normal wave conditions (0.5m - 1.0m 
high) and still greater than the SZW for 2m high waves. The Ranasinghe method predicts that 
accretion will occur behind the reef for most wave conditions that occur in Brevard County.” 
However as identified in Section 4.6 of this report, during storm events with high waves (>� 8’), 
the empirical methods of Ranasinghe et al (2006) also indicate that: 

�  The potential exists for erosion to occur in the lee of the structure when the apex of the 
structure is within the ambient surf zone. 

�  Under these storm conditions, the potential increased erosion attributable to an ASR 
could be greater than what would occur without the ASR structure.  

 
As identified in the ASRA Report (2008c), Appendix C.3, based upon empirical methods (as 
summarized in Section 4.3):  

�  “The conceptual reef design has an effective alongshore length of 96m and an offshore 
distance of 300m which equates to a B/S ratio of 0.32. A salient with dimensions of 
approximately 100 m cross-shore and 800m alongshore is predicted to form behind the 
reef based on the relationships derived by Black.” 

�  “The estimated volume of this salient is between 120,000 m3
 
and 150,000m3.” 

 
Note that review of the literature indicates that there exists no known quantitative data associated 
with constructed reefs to verify the empirical methods employed by ASRA; these methods: 

�  do not reflect the continued erosion of the salient as observed at the Narrowneck reef 
per the monitoring data cited in the report by Blacka et al (2008),  
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�  appear to significantly over estimate the volume of the salient expected with an ASR as 
is evident in photography included in the report by Blacka et al (2008). 

 
Also, for a typical wave climate over 365 days, as identified in the ASRA Report (2008c), 
Appendix C.3: 

�  ASRA applied the “NGENIUS numerical model”, “an N-Line morphological model … 
to predict the along shore sediment transport”. 

�  “Using the normal wave climate described above (365 days), the NGENIUS model was 
applied to the initial planar bathymetry with the reef in place. Figure 4.13 in Appendix 
C.3 shows the initial and final bathymetry conditions. The NGENIUS model predicts a 
salient formation in the shadow of the offshore reef. The estimated volume of this 
salient is between 100,000m3

 
and 120,000m3. “ 

�  “Model 2DBEACH was then used to assess the stability of the predicted shoreline 
change and salient formation. For these model runs the final bathymetry predicted by 
NGENIUS was used as the initial bathymetry for the 2DBEACH modeling. A typical 
wave climate (365 days) was then introduced to the model to assess the morphological 
response of the shoreline to the variable wave climate.” 

�  As shown in Figure 5.6 (from ASRA Report), the results “show that larger wave events 
can induce erosion of the salient, however this feature is expected to return with 
smaller wave conditions.” 

Note that Figure 5.6 indicates the salient is predicted to be primarily limited to area in the lee of 
the ASR; this prediction by ASRA is generally consistent with wave sheltering predictions 
results by SES as reflected in Figures 5.1 through 5.4. 
 
Uncertainty remains as to the full extent of a salient that would accrete in the lee of an ASR. 
However, based upon the conceptual analysis results presented in this section and in section 4.3, 
for the purposes of this study, the potential reduction of beach fill requirements to maintain the 
North Reach of the Brevard County Shore Protection Project, an ASR might:   

�  cause no reduction in fill requirements, or 
�  reduce fill requirements by 3.26cy/ft/yr over the extent of an 800m (2625’) salient, or 
�  reduce fill requirements by 6.4 cy/ft/yr over the extent of an 800 meter salient, or 
�  reduce fill requirements by 7.51 cy/ft/yr over the extent of an 800 meter salient. 

Each of the above potential shoreline responses are considered below in concert with estimation 
of a corresponding benefit-cost ratio.   
 
It is the opinion of Coastal Tech that: 

�  No net reduction in beach fill requirements would occur with construction of an ASR. 
�  A localized reduction of beach fill requirements could occur – most likely in the range 

of 3.26 cy/ft/yr.   
ASRA has contended that the net reduction in beach fill requirements would be on the order of 
6.4 cy/ft/yr (11/4/08 email) to 7.51 cy/ft/yr (Appendix C8 - dated 11/14/08).These values are 
considered below to illustrate the effects of these assumptions upon the corresponding benefit-
cost ratio.    
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Figure 5.6 – Salient predicted during normal wave conditions (upper) with response to a 
large wave event (mid) and the subsequent rebuilding of the salient (lower). 
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Figure 5.7 Salient at Narrowneck Reef   From: Jackson et al 2005 
 

5.9. Public Safety 
 
On September 23, 2008, Mike McGarry of Brevard County NRMO and Walker Dawson of 
Coastal Tech, met with Wyatt Werneth Brevard County’s Ocean Rescue Coordinator to review 
the SES and ASRA Reports and to (a) assess the potential impacts of ASR structures on beach 
safety associated with rip currents, sand banks (sand bars) and public swimming, and (b) identify 
any expected additional costs to provide for public safety. The following comments and concerns 
were expressed by the Wyatt Werneth:  

�  Rip currents caused by the ASR during large wave events may pose a risk to swimmers 
and surfers. 

�  Additional costs associated with a year-round lifeguard and tower at the ASR location are 
estimated at approximately $75,000/year. 

�  Regulations regarding the use of personal watercrafts, kiteboards, and boats on and 
around the ASR would need to be established. 

�  Moored buoys tend to “attract” curious swimmers.  This may pose a risk to swimmers 
due to the distance offshore. 

�  He supports the top-ranked candidate site due to potential for crowd size being reduced; 
he does not recommend siting of the ASR at a “high-traffic” beach site (i.e. Shepard Park, 
Lori Wilson Park).   

 

5.10. Structure Refinements 
 
As cited in the SES Report (2008), Appendix B: 

�  Detailed “refinement of an ASR shape and orientation is unwarranted at this time. 
However, the results provided herein demonstrate that the methods developed, 
particularly the application of the Boussinesq model, should be useful in optimizing the 
design of any surfbreak-enhancing structure.” 

�  “It is also recommended that physical modeling at laboratory scales be used to validate 
the numerical models used, as well as verification with field data wherever possible.” 
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5.11. Design & Permitting – Probable Costs 
 
The State of Florida has specific criteria for “New” or “Innovative” technologies such as a 
potential ASR. Specifically, Florida Statutes (Section 161.082) prescribe that:  

“ The department is directed to periodically review innovative technologies for beach 
nourishment and, on a limited basis, authorize, through the permitting process, experimental 
projects that are alternatives to traditional dredge and fill projects to determine the most 
effective and less costly techniques for beach nourishment.”  

Regulation of such technology is administered by the Florida Department of Environmental 
Protection (FDEP). An ASR is considered “New Technology” which FDEP rules [62B-
41.002(30) F.A.C.] define as:  

“applied science proposed to solve a specific coastal erosion or related problem in Florida, 
about which the staff and professional engineering community have insufficient available 
information to predict the performance reliability for general applications under a range of 
anticipated operational conditions and potential impacts to the coastal system.” 

 
As part of a permit application, FDEP rules require:  

�  “The project must be supported by adequate scientific, engineering and design theory or 
experimental data demonstrating that it has the potential to provide a positive benefit to 
the coastal system and is not expected to result in a significant adverse impact. The size 
and scope of the field test shall not exceed that necessary to adequately address the test 
plan objective. The requirement for supporting experimental data shall be waived by the 
Department if it finds that the proposed project has minimal potential for adverse 
impact.” [(Section 62B-41.0075(1)(d)]   

�   “The applicant shall present a test plan to the Department for review. Such plan shall 
include a periodic monitoring schedule and periodic progress reporting schedule with, at 
a minimum, annual reporting after the test phase begins. The periodic reporting shall 
include project performance monitoring assessments and survey data and analyses. The 
test plan shall also include: 

(a) The objectives and nature of the experiment; 
(b) The effectiveness measures; 
(c) The measures of impacts to the coastal system, marine turtles, nests and their 

habitat, and such other measures as may be required to assess attainment of the 
objectives; 

(d) The procedures to be followed; 
(e) The time sequence; 
(f) The data to be collected; 
(g) The test equipment to be used; 
(h) The names and technical qualifications of the individuals performing the tests and 

analyzing the results; 
(i) Contingency plans; and 
(j) Such other components as may be necessary to assess the impacts and 

performance of the project as determined by the Department.” [Section 62B-
41.0075(3)] 
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The above provisions dictate that (a) the scientific and engineering elements of the project be 
clearly documented in a Design Document and (b) the project will be closely monitored for 
potential physical and biological impacts.  
 
The USACE’s Planning Guidance Notebook (ER 1105-2-100 dated 22 April 2000) identifies:  

�  “Under current policy, recreation must be incidental in the formulation process and may 
not be more than fifty percent of the total benefits required for justification. If the 
criterion for participation is met, then all recreation benefits are included in the benefit to 
cost analysis. Costs incurred for other than the damage reduction purpose, i.e. to satisfy 
recreation demand, are a 100 percent non-Federal responsibility.” [Section 3.4(4)(a)] 

�  USACE intent is “that the most suitable and economical remedial measures would be 
provided by a periodic nourishment project … If the NED plan for a shore protection 
project includes a combination of structures and periodic nourishment, the 
renourishments may be considered continuing construction while future costs needed to 
operate, maintain, repair, rehabilitate or replace the structural components are considered 
operation and maintenance which is a non-Federal responsibility.” [Section 3.4(7)] 

�  “Non-Federal interests normally pay the incremental cost for all desired betterments.” 
[Section E21c(1)]. 

 
Based upon experience and existing State and Federal regulations, it is expected that State & 
Federal cost-sharing will be dependent upon demonstration that there are sufficient erosion 
control benefits to justify the project. Specifically, it must be demonstrated that the annual cost 
of the ASR is less than the annual value of the reduced quantity of sand needed (as may be 
caused by an ASR) to maintain the Brevard County Federal Shore Protection Project. If it can be 
so demonstrated, a USACE Design Document (GDM Addendum or comparable) and 
Congressional appropriations will be required to obtain federal funding; Congressional 
authorization may also be required. Federal requirements should be addressed by the County 
with the USACE Jacksonville District – if the County elects to proceed with an ASR.   
 
Based upon experience and judgment, the expected requirements and probable costs to complete 
design, permitting and monitoring of an ASR at one of the top three candidate sites are 
summarized below in Table 5.1.  
 
Note that: 

�  A refined and well-documented numerical modeling analysis is expected to be required 
to project the extent of salient formation and the effects upon adjacent beaches. 

�  A physical model is expected to be required to refine the reef shape, demonstrate 
desirable wave breaking conditions, and to assess associated currents including 
potential rip-currents. 

�  A Design Document is expected to be required to document the Project Needs, 
Objectives, Alternatives analysis, a public benefit assessment, and clear justification for 
the Project.   

�  A Joint Coastal Permit must be obtained from the U.S. Army Corps of Engineers 
(USACE) and the Florida Department of Environmental Protection (FDEP).  

�  After obtaining permits, as an element of the required Test Plan, extensive biological 
and physical monitoring will be required for at least 3 years.  
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�  After construction, FDEP rules [Section 62B-41.0075 (7)] require removal of the 
structure if “the experiment is determined to be ineffective in addressing a coastal 
erosion problem, or is expected to cause a significant adverse impact”.  

 
Table 5.1 – Probable Design, Permitting & Monitoring Costs 

Description 
Probable 

Cost 

Preliminary Design - Numerical Model $100,000 

Preliminary Design - Physical Model $150,000 

Preliminary Design - Design Document $50,000 
Final Design - Plans & Specs $25,000 

Permit Applications $25,000 
Experimental Test Plan  $10,000 

Permit Processing $100,000 
Physical Monitoring (3yrs) $300,000 

Biological Monitoring (3yrs) $225,000 
Total: $985,000 

 
 
It may be feasible to coordinate construction of a sand berm or sand-filled-geotextile structures 
with ongoing shore protection projects to reduce mobilization and/or other costs; however, no 
reduction in engineering/permitting costs is anticipated here as coordination efforts are likely to 
require a comparable effort.   
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6.0 Conceptual Design – ASR Structure 

6.1. General  
 
This section identifies the results of Task 2d for the conceptual design of an ASR structure, 
based upon experience, judgment, and prior task results, including: 

·  the expected construction methodology,  
·  the expected maintenance requirements and structure life, and 
·  probable initial construction costs and maintenance costs including probable costs 

associated with potential enhancements, conflicts or impacts. 

6.2. Alternative Materials  
 
For each (3) candidate sites, the following alternate materials for an ASR are evaluated: 

(a) sand, 
(b) native Florida limestone,  
(c) concrete,   
(d) a combination of concrete/limestone, and 
(e) “sandbags”.  

 6.2.1. Sand 
A sand shoal might be constructed to produce an ASR. The construction of a surfing shoal is 
a viable option for protection and nourishment of beaches, as well as creating a surf break 
whereas "a berm that dissipates energy by wave breaking can significantly improve surfing 
conditions by creating a point break on the abrupt change in bathymetry created by the berm" 
(Dally & Osieki, 2003). Although nearshore sand shoals can be constructed at significantly 
less expense than dry beach placement (Dally & Osieki, 2003), a sand shoal cannot be 
reasonably 'groomed' or graded to meet a design template. Several past projects have 
incorporated the use of shallow water sand shoals such as Dauphin Island, Alabama in 1987, 
Silver Strand State Park in San Diego, California in 1988, Perdido Key, Florida in 1991, and 
Newport Beach, California in 1992 (Dally & Osieki, 2003).  

 6.2.1.1. Construction Methodology 
The construction of a surfing shoal entails the placement of dredged sand in the nearshore 
surf zone via a dredge pipeline or hopper dredge. Sand might be placed in a single oblong 
mound or multiple mounds. Although construction might temporarily elevate turbidity 
levels; the increased turbidity is expected to be minimal due to the low fines content 
(5.5%) of the Canaveral Shoals sand source available to Brevard County, which is 
comparable to the fines content (2.9% to 9.6%) of the native beach sand (USACE, 1996). 
A concern with sand placement is the direct burial of natural reef habitat and popular 
diving spots such as shipwrecks, or the eventual migration of the shoal material into 
sensitive areas (Dally, 2003).  However, no natural reef habitat exists in the area of the 
candidate ASR sites.  
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 6.2.1.2. Maintenance  
A downside of sand shoals as an artificial surfing reef is their ephemeral nature as the 
placed sand is expected to slowly spread within the littoral system and work its way 
onshore to nourish the adjacent beaches – dissipating their functional life as determined 
by their size and the wave climate (Dally, 2003).  The construction of nearshore berms 
has proven to be a cost efficient and beneficial way to dispose of clean dredged material 
(Dally, 2003).  However, due to their ephemeral nature, maintenance costs would be 
expensive as the expected design life is approximately 6 months to one year (Dally, 
2003).   

The ephemeral nature of sand shoals leads to the expectation that to maintain the shoals 
would require reconstruction every year, which is not practical due to the high costs to 
mobilize a dredge. It is assumed that sand shoals might be constructed in concert with 
beach re-nourishment projects.    

 6.2.1.3. Cost 
The 1987 construction costs of a nearshore berm, according to 1989 Coastal Engineering 
Technical Note CETN-II-20, were $2.23/cy for a 420,000cy berm at Fire Island/Gilgo 
Beach, New York (Dally, 2003); assuming an average inflation rate of 4%, this would 
indicate today’s costs at about $5.10 per cubic yard.  Although the ASR is estimated to 
entail a total volume of 30,000cy (� 23,000m3), it is herein assumed that a sand shoal 
would require on the order of 90,000 cy to achieve the same crest elevation with more 
shallow side slopes associated with a submerged sand shoal. Based upon the above, the 
cost of a sand berm is likely to be on the order of $509,000 [$50,000 + (90,000cy X 
$5.10/cy)] per construction event as summarized in Table 6.2.1.  

Table 6.2.1 - Sand Shoal ASR – Probable Initial Construction Cost 
Item Description Unit Cost Quantity Cost 

1 Mob/Demob $50,000  
L.S 

1   $50,000 

2 Sand $5.10 /cy 90,000 cy $459,000 
     Total: $509,000 

 

 6.2.2. Limestone Rock 
 

Native Florida limestone rock boulders are commonly used in the construction of nearshore 
artificial reefs in Florida to mitigate natural nearshore hardbottom buried by beach 
nourishment projects. Between 1985 and 2008, limestone reefs have been constructed in 
Florida’s Atlantic nearshore coastal waters in each coastal county from Dade County to 
Indian River County. Comparably, on the southwest coast of Florida within the Gulf of 
Mexico, limestone reefs have been constructed in Collier, Lee, Sarasota and Pinellas 
Counties.  Quarried native limestone rock is the preferred material for mitigation reefs due to 
its ability to most closely replicate the biological recruitment associated with natural 
nearshore hardbottom.  



 
November 17, 2008 

46 

Although artificial reefs comprised of limestone boulders appear to be very stable even in 
shallow water environments, placement in high sand transport areas (such as the surf zone), 
may result in burial of the rock structure via sand accretion and/or subsidence (Lukens & 
Selberg, 2004).  To prevent subsidence, a mat foundation is proposed to be placed beneath 
the rock boulders. Historical performance of articulated mats in resisting scour and 
settlement has been successfully demonstrated by many prior projects (Bodge, 2008a) 
including at Amelia Island, Florida.  Articulated mats (a.k.a. mattresses) are routinely used to 
successfully stabilize the seabed as a foundation for rock structures, pipelines, ramps, and 
similar works placed upon erodible soils at or below the waterline (Bodge, 2008a).  To 
prevent loss of underlying material, placement of geotextile fabric on the sand bottom is 
warranted (Hughes, 2006).   

 6.2.2.1. Construction Methodology 
The prefabricated mattress and quarried rock would be trucked to a staging area where 
the mattress and rock would be loaded onto barges for transport to the reef area. The 
mattress would most likely be placed via crane. The fabric can also be pre-attached to the 
marine mattress with additional steps to ensure proper overlap of fabric as the mattresses 
are placed (Hughes, 2006).  Boulders could be placed using hopper barges where the 
bottom opens up and the load of boulders is deployed at once (Lukens & Selberg, 2004).  
However, greater construction accuracy and control can be achieved by single boulder 
placement through the use of a crane, backhoe or front end loader. Single boulder 
placement methods resulted in tight and well controlled placements of boulders, as 
observed by Coastal Tech, in concert with the 1998 City of Venice - Mitigation Reef 
construction (Coastal Tech, 1998).  

 6.2.2.2. Maintenance 
Articulated mats and quarry rock are very dense, stable and durable materials; it is 
unlikely that the mattress or rock would significantly deteriorate. However, prior 
experience with rock-rubble-mound structures suggests that the rock may settle or might 
migrate off the reef site outside the design footprint during extreme wave conditions.  
Therefore, maintenance is expected to require placement of up to 20% of the initially 
placed rock every five years.    

 6.2.2.3. Cost 
The cost of a limestone rock reef is herein based upon the contract unit price for the 
recent 2008 limestone reef constructed in Venice, Florida ($124.80 per ton). According to 
estimates from 2006, the cost of an articulated mattress is approximately $15 per square 
foot (Bodge, 2008b); based upon an assumed 4% inflation rate, today’s unit costs are 
more likely at $17 per square foot. With a mat foundation, the probable cost of a 
limestone rock ASR is as summarized in Table 6.2.2.  

Table 6.2.2 - Limestone Rock ASR – Probable Initial Construction Cost  
Item Description Unit Cost Quantity Cost 

1 Mob/Demob $50,000 L.S 1   $50,000 
2 Mattress $17 /sf 80,000 sf $1,360,000 
3 Rock $125 /ton 56,700 tons $7,087,500 
      Total: $8,497,500 
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 6.2.3. Concrete Rubble 
 

“Concrete has demonstrated a high success rate as artificial reef material in both marine and 
estuarine environments” (Lukens & Selberg, 2004).  Concrete is very durable and stable 
material for marine reef construction. Concrete reefs may be constructed from units 
specifically fabricated for artificial reefs, or from concrete rubble such as culverts or razed 
buildings, bridges, sidewalks, and roadways (Lukens & Selberg, 2004).  As a measure to 
deter settlement, the use of an articulated concrete mattress foundation is appropriate. 

6.2.3.1. Construction Methodology 
Deployment of concrete materials for reef construction is similar to that of limestone 
boulders using hopper barges or by single boulder placement via a crane, backhoe, or 
front end loader. As a measure to deter settlement, the use of articulated concrete 
mattresses is appropriate. 

6.2.3.2. Maintenance 
Due to the durable and stable nature of concrete material, there is little maintenance 
expected. Previous investigations have found that: “based on the 32 to 34 year 
performance observations….all concrete exhibited a high level of durability in seawater 
exposure” (Lukens & Selberg, 2004).   

However, prior experience with rock and concrete-rubble-mound structures suggests that 
the concrete may settle or might migrate off the reef site outside the design template 
during extreme wave conditions. Therefore, maintenance is expected to require 
placement of up to 20% of the initially placed concrete every five years.    

 6.2.3.3. Cost 
The use of concrete rubble in an artificial reef is relatively inexpensive as the concrete 
rubble material is typically donated. Costs are primarily associated with transport and 
placement of the concrete materials. Based upon costs for a 1997 concrete rubble reef for 
the City of Venice – adjusted for inflation, the probable costs for construction of a 
concrete rubble reef are summarized in Table 6.2.3.   

Table 6.2.3 - Concrete Rubble ASR – Probable Initial Construction Cost  
Item Description Unit Cost Quantity Cost 

1 Mob/Demob $35,000  
L.S 

1   $35,000 

2 Mattress $17.00 /sf 80,000 sf $1,360,000 
3 Concrete Rubble $37 /ton 60,750 tons $2,247,750 
      Total: $3,642,750 
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 6.2.4. Limestone Embedded Concrete Units 
 

Limestone rock has been utilized in conjunction with modular concrete units in order to 
create hardbottom habitat; an example of this method is in Palm Beach County where smaller 
pieces of limestone rock were cemented to the surface of modular concrete units with the 
limestone embedded concrete units at 8 feet wide by 16 feet long and 1 foot deep (Lukens & 
Selberg, 2004).  Comparable units are under consideration by Brevard County to mitigate 
potential hardbottom impacts surrounding the proposed Mid-Reach Beach restoration Project 
(Bodge, 2008b).  

For the purposes of this Study, it is assumed that concrete units – without rock – would be 
used to build the core of the ASR and limestone embedded units would be used to construct 
the surface layer of the ASR. 

 6.2.4.1. Construction Methodology 
Concrete units are poured into a mold and small limestone rock is placed into the surface 
of the concrete to bond to the concrete. The cured units are transported to a barge for 
deployment via a hopper barge or crane operation.   

 6.2.4.2. Maintenance  
 As the concrete units are durable and stable, no maintenance is expected.  

6.2.4.3. Cost 
Per discussion with Kevin Bodge of Olsen & Associates (Bodge 2008b), the total cost of 
the limestone embedded units - based on 2006 estimates - is about $1.6 million per acre 
or about $4,700 per unit- including materials, labor, and equipment costs.  Without the 
embedded limestone, concrete units are estimated to cost about $1.4 million per acre or 
about $4,100 per unit (Bodge 2008b). The probable cost of an ASR comprised of 
concrete units – with limestone in the surface layer – is summarized in Table 6.2.4. 

Table 6.2.4 - Concrete - Limestone ASR – Probable Initial Construction Cost  
Item Description Unit Cost Quantity Cost 

1 Mob/Demob $50,000  L.S 1   $50,000 

2 concrete-core 
units  

$4,100 /unit 5,390 units $22,099,000 

3 concrete-rock 
units  

$4,700 /unit 938 units $4,408,600 

      Total: $26,557,600 
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 6.2.5. Geotextile Sand Filled Containers 
 

Existing ASRs have been constructed using sand-filled geotextile containers. “Geotextiles 
are a family of synthetic materials including polyester and polypropylene that are formed into 
flexible, permeable, and durable sheet fabrics resistant to tension and tear. Large containers 
are pre-fabricated and then filled with sand to form the reef structure. Softrock™ 1200R and 
1209RP have been successfully used for the construction of multi-purpose artificial reefs in 
Australia and New Zealand. The geotextile bags vary in size from 50m x 7.2m x 3.2m (filled) 
to 15m x 1.5m x 1.0m (filled). When filled with sand these bags weigh between 100 – 300 
tons and are very stable in any wave climate” (ASRA, 2008b). “It is common for the material 
to become overgrown with marine life in a very short time after being installed in the coastal 
environment” (ASRA, 2008b). 
 
“A foundation constructed of a layer of high-strength structural geotextile fabric should be 
placed on the seabed over the entire reef footprint. This layer of base reinforcement will act 
to span localized settlements and zones of weak foundation, by spreading the weight more 
evenly over the seafloor. Using a structural geotextile as basal reinforcement is a commonly 
used technique and has the added benefits that it will help to improve the overall stability of 
the structure by resisting lateral spreading of the reef units, will improve the bearing capacity 
of the foundation soil and decrease the risk of rotational slip failures. The geomat is fixed to 
the webbing” below the sand-filled-containers prior to deployment. (ASRA, 2008b). 
 
“There are a variety of sand sources available for the construction of the Brevard County 
MPASR. It is recommended that the sand be delivered and placed on the seabed adjacent to 
the reef site prior to reef construction. This sand placement could be coordinated with any 
future beach nourishment operations that Brevard County may undertake as part of their 
Federal Shore Protection project” (ASRA, 2008b). It is anticipated that extra fill would need 
to be placed to accommodate (a) losses due to handling and (b) the need to leave a 2 foot 
buffer over less-than-desirable in-situ bottom sediments as is commonly required by FDEP 
permits; the additional costs of this extra fill are not included in cost estimates provided 
below.     

 6.2.5.1. Construction Methodology 
To meet desired construction tolerances and minimize costs, “ASR Limited (New 
Zealand) developed and patented the R.A.D. (Rapid Accurate Deployment) method for 
submerged reef construction. This method has been successfully employed in the 
construction of the Mount Maunganui, Opunake and Boscombe reefs. ASR America 
recommends that the R.A.D. method be used to construct the Brevard County MPASR 
(ASRA, 2008b).  

“The RAD method consists of the following primary components (Mead et al., 2007):  
1. A geotextile bag layout is developed which replicates the design configuration of 

the reef.  
 
2. Underlying webbing made from customized materials is assembled to form the 

framework for the reef bags. This webbing is staked out on shore at a site 
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convenient to the reef construction location. A geomat is attached to the bottom of 
the webbing to prevent bag settlement into the seabed.  

 
3. The empty geotextile bags are secured to the webbing. The webbing/bag assembly 

is folded up and placed onto a barge using a crane.  
 
4. Prior to bag deployment, anchors are positioned on the seabed at precise locations 

using RTK GPS survey techniques.  
 
5. The webbing/bag assembly is transported to the reef site via the barge during a 

calm weather window.  
 
6. Leader lines from the webbing are fed through the seabed anchors and the entire 

assembly is winched to the seabed.  
 
7. The geotextile bags are filled with sand in place using a barge mounted submersible 

pump which extracts sand from a seabed source close to the reef site” (ASRA, 
2008b).  

 6.2.5.2. Maintenance  
“Physical modeling tests of geotextile container stability under a range of wave 
conditions were undertaken at the University of Sydney in 1998. Tests were performed 
on SFC’s equivalent to the Softrock™ 1200R containers described previously (120-300 
Tons). These tests showed that sand-filled bags stacked upon each other would remain in 
position even after a prolonged period of extreme high sea conditions (Couriel et al., 
1998). Part of the reason for the good stability of sand-filled geotextile containers can be 
attributed to the bags allowing water to move through them and the use of marine sands 
to fill them. Concrete and some types of rock, which have air trapped within their mass, 
experience a dramatic weight loss once they are placed underwater due to the effects of 
buoyancy (concrete weighs approximately half it’s land weight underwater). Water will 
enter the permeable geotextile bags and fill any voids within the sand thereby preventing 
any buoyancy caused by entrapped air. The stability of the units under wave action is also 
ensured due to the large weight of each individual container and the friction between 
adjacent units. The stability of SFC’s was confirmed on the Gold Coast in April 2001, 
when a 1 in 50 year wave event hit the coast (cyclone Sose). Comparison of bathymetric 
surveys of the Narrowneck Reef 1 week before and 1 week after the event failed to 
identify any structural changes. In March 2004, another extreme wave event, with waves 
peaking at 14 m high, occurred on the Gold Coast without damaging the Narrowneck 
Reef” (ASRA, 2008b – Appendix C3). 
 
“The design life of the geotextile containers manufactured from Softrock™ is 25 years. 
However, in situations where the materials are protected from UV light (i.e. when 
underwater) the design life is estimated to be more than 40 years. The thick growth of 
marine life which covers the reef bags immediately after deployment may significantly 
extend the life of the reef. The extra layer of marine growth will help protect the reef 
from ultraviolet radiation and damage from debris impact. Small tears or punctures in the 
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geotextile containers may be repaired by a dive team using patches and attaching 
hardware specifically designed for the purpose” (ASRA, 2008b - – Appendix C3). 
 
Based upon the above, the only maintenance that might be expected to be required is 
repair of “tears or punctures”.  As identified in the ASRA November 14, 2008 Response 
(Appendix C8), “maintenance of the reef may be required due to damage inflicted by 
human interaction and extreme weather events.” As identified in  ASRA’s November 14, 
2008  cost-benefit  Analysis (Appendix C8), an ASR might reasonably be expected to 
require maintenance at 5 year  intervals after initial construction at a cost of about 5% of 
the initial construction cost.  

6.2.5.3 Cost 
“Actual design and construction costs cannot be accurately determined until a detailed 
design study has been performed. The intent of this conceptual design and rough order 
cost estimate is to provide Brevard County with a broad overview of the project scope 
and order of magnitude costs which they may use as a basis for comparison” (ASRA, 
2008b).  Cost data for other reefs (from ASRA, 2008b) are provided in Table 6.2.5.1 
below. 

 

Table 6.2.5.1 – Cost Data for other Geotextile Sand Filled Container Reefs 

Note:  Data from ASRA, 2008b; costs for the Boscombe Reef are estimated. 

 
 

Based upon the above and a range of values identified by ASRA, the probable cost for a 
Brevard County ASR is estimated at about $5.6 million equivalent to an overall unit cost 
of $188 per cubic yard for a 30,000 cy reef – as summarized in Table 6.2.5.2.   

 

 
 
 
 
 
 
 

Reef 
Years 

Constructed Location Volume Unit Cost 
Total 
Cost 

Mount 
Maunganui  2005-2008 

New 
Zealand 

6500 m3 

(8500 cy) 
$170/m

3 

($130/cy) 
$1.1 M 

Opunake  2006-2008 New 
Zealand 

4800 m3 

(6280 cy) 
$208/m

3 

($159/cy) 
$1 M 

Boscombe Not yet 
constructed 

England 13,000 m3 

(17,000 cy) 
$338/m

3 

($258/cy) 
$4.4M 

Table 6.2.5.2 - Geotextile Sand Filled Container ASR –  
Probable Initial Construction Cost  

Item Description Unit Cost Quantity Cost 
1 Mob/Demob $1,200,000 L.S 1   $1,200,000 
2 Geotextile Bags $66.67 /cy 30,000 cy $2,000,000 

3 
Sand Fill &                   

Bag Deployment 
$81.67 /cy 30,000 cy $2,450,000 

      Total: $5,650,000 
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6.3. Summary & Discussion 
 
Table 6.3.1 summarizes the results of the assessment of probable costs for alternative ASR 
materials. Although a “sand mound” ASR would entail the lowest initial cost; the sand mound 
would be temporary (�  1 to 2 years) and would not provide long-term shoreline stabilization or 
enhancement of surfing. Although an ASR might be constructed of limestone and/or concrete, 
these materials are herein considered potentially dangerous to surfers due to the rigid structure 
and shallow ASR crest conditions needed to enhance surfing; in addition these materials are 
difficult or impossible to place to control the ASR shape and achieve optimum wave conditions. 
Based upon these considerations, an ASR comprised of geotextile-sand-filled-containers 
(“sandbags”) is herein recommended for further detailed economic analysis in Section 8 of this 
report. 
 
 

Table 6.3.1 - Summary of Probable Costs 

Materials 
Probable 

Construction Cost  Life 

Expected 
Maintenance  
Requirements 

Sand $509,000 
6 months                 
to 1 year 

re-construction with 
each beach 

nourishment project                 
Limestone 

Rock 
$8,497,500 50+ years replace 20% of rock     

every 5 years 
Concrete 
Rubble 

$3,642,750 50+ years replace 20% of 
concrete every 5 years 

Limestone 
Embedded 
Concrete 

Units 

$26,557,600 50+ years N/A 

Geotextile 
Sand 
Filled 

Containers 

$5,650,000 25+ years repair "tears and 
punctures" 
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7.0 Environmental Assessment 

7.1. General 
 
This Environmental Assessment (Section 7) was prepared by CSA International Inc. (CSA).   
The goal of this section is to briefly review and evaluate construction-related impacts, ecological 
and recreational benefits, and mitigation potential associated with various materials proposed for 
the artificial surfing reef. A complete list of references for this environmental assessment is at the 
end of this section. 
 
Artificial reefs are commonly constructed in the marine environment in order to 

�  enhance fisheries production; 
�  provide recreational opportunities; 
�  provide compensatory mitigation for damaged or degraded habitat; 
�  aid in shoreline protection; and 
�  enhance water quality. 

 
Artificial reefs aid fishery production and recreational opportunities worldwide by enhancing 
habitat or creating fish attracting devices that serve commercial, recreational, or diving interests 
(Seaman and Sprague, 1991; Claro and Garcia-Arteaga, 1999; Ditton et al., 2002).  Artificial 
reefs have been deployed to provide compensatory mitigation for direct damage to reefs or other 
hard bottom habitats by man-induced factors, including power plant discharges in California 
(Ambrose, 1994; Reed et al., 2006), dredge and fill projects in Florida (Cummings, 1994; 
Continental Shelf Associates, Inc., 2005,2006; Thanner et al., 2006), and ship groundings in 
southern Florida (Miller, 2002).  Artificial structures have been used extensively in Europe and 
other coastal areas to protect eroded shorelines (Bacchiocchi and Airoldi, 2003; Airoldi et al., 
2005).  Although not one of the most common reasons for constructing artificial reefs, the 
improvement of water quality in areas where aggregations of filter-feeding organisms have 
colonized the artificial reefs is an ancillary benefit (Miller, 2002). 
 
A relatively new application of artificial reefs in coastal waters is to improve wave breaks for 
surfing (Burgess et al., 2003).  Despite the primary goal of this application, marine organisms 
will colonize such reefs and form assemblages depending on the materials used, orientation to 
the shoreline, relief, water depth, geographic location, and a host of other environmental factors.  
As part of a larger effort investigating the feasibility of constructing an artificial surfing reef 
(ASR) in Brevard County, Florida, answers were sought to the following five environmental 
questions: 

1. What environmental impacts are associated with the various construction methods? 
2. To what degree can ASR alternatives provide ecological benefit in terms of substrate, fish 

habitat, etc. and associated recreational (fishing/snorkeling) opportunities? 
3. How can ASRs be refined to maximize ecological benefits? 
4. To what extent can various types of ASR structures be considered as mitigation for 

nearshore rock/reef impacts?  
5. In what conditions, if any, could an ASR be permitted offshore of the Mid-Reach, 

considering the presence of nearshore rock/reef resources and that mitigation credit 
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would be offset by mitigation required for rocks buried in the ASR footprint and 
subsequent formation? 

 
These questions can be consolidated into a broader view that includes construction-related 
impacts (Question 1), ecological and recreational benefits (Questions 2 and 3), and mitigation 
potential (Questions 4 and 5).  The following text addresses these topics as they relate to five 
candidate ASR materials:  

�  Sand; 
�  Limestone boulders; 
�  Concrete rubble; 
�  Limestone embedded concrete units; and 
�  Geotextile sand filled containers. 

These materials are being considered for deployment at one of three candidate sites along the 
Brevard County beaches. 

7.2. Environmental Assessment of Reef Materials 

 7.2.1. Sand 

7.2.1.1. Construction-related Impacts 
A sand-based ASR might be constructed using a hopper barge to transport sand to the 
reef site.  Hopper barges attending vessels and associated pipelines have the potential to 
impact the seafloor in and around the project area.  Expected impacts from these 
operations include temporarily elevated turbidity from propeller wash and temporary 
noise, waste discharges, and air emissions from the working vessels and cranes.  Potential 
accidents, such as grounding a work vessel on existing hard bottom or a fuel spill, should 
also be considered.  Carefully prepared Work Plans and close monitoring of local weather 
conditions will greatly reduce the chance for accidental impacts.  Working safely by sea 
would depend on local conditions and, particularly, the frequency and duration of ground 
swells common in Brevard County. 
 
The primary direct impact associated with construction of a sand berm ASR would be the 
coverage of the seafloor by the reef's areal footprint.  Impacts would be considered much 
greater if this area were to encompass exposed hard bottom rather than unconsolidated 
sand.  For the current application, the site selection process (see Section 3 of this report) 
eliminated from consideration stretches of the Mid-Reach (Florida Department of 
Environmental Protection [FDEP] Monuments R-75 to R-118) where exposed hard 
bottom consistently occurs.  Consequently, the seafloor impacts will be limited to a sand 
bottom area equal in size (planar area) to the planned ASR.  Placement of sand as an ASR 
will result in unavoidable elimination of infauna, such as annelid (polychaete) worms, 
bivalves, gastropods, echinoids, and many other sand-dwelling invertebrates.   Turbidity, 
both acute and chronic, will occur if the sand material used has a sizeable fine fraction.  
In addition, there could be spreading or diffusion of the sand to surrounding areas.   
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7.2.1.2. Ecological and Recreational Benefits 
Over time as sand-dwelling organisms colonize the sand berm feature, ecological benefits 
will include the attraction of soft bottom fishes and motile invertebrates.  These species 
would be expected to utilize the feature as a topographic orientation point and feeding 
area.  Infaunal assemblages would be expected to vary along the profile of the sand 
feature and this will affect the distribution of fishes and invertebrates.  Fishes such as 
Florida pompano, sand drum, southern flounder, red drum, and Gulf whiting would most 
likely forage around the sand berm.  The attraction of soft bottom fishes will in turn 
attract fishers seeking these and other species.  Fishers would potentially fish from shore, 
kayaks, or boats.  

7.2.1.3. Mitigation Potential 
An ASR constructed as a sand berm would not provide suitable mitigation for hard 
bottom impacts as it would be totally out-of-kind.  

7.2.2. Limestone Boulders 

7.2.2.1. Construction-related Impacts 
Limestone boulders (1m± in diameter) and articulated mattresses could be brought to the 
proposed site on barges and placed on the seafloor with cranes. Geotextile fabric 
followed by articulated mattresses would be placed first to prevent subsidence of the 
boulders.  Deployment activities using barges and cranes would be subject to the same 
potential impacts discussed above in Section 7.2.1.1. Specifically, the direct impact 
associated with construction of an ASR will be the coverage of the seafloor by the reef’s 
areal footprint. Consequently, the seafloor impacts will be limited to a sand bottom area 
equal in size (planar area) to the planned ASR. Again, the infaunal assemblage occupying 
the reef area would be lost to the local ecosystem.  The presence of the high-relief 
structure created by the limestone boulders and its influence on water flow may affect 
sediment grain size distribution and organic matter accumulation around the ASR.  This 
may cause a corresponding change in infaunal assemblages adjacent to the structures 
(Davis et al., 1982; Ambrose and Anderson, 1990; Fabi et al., 2002). 

7.2.2.2. Ecological and Recreational Benefits 
Unlike a sand berm feature, limestone boulders provide hard, complex structures that will 
readily attract fishes and invertebrates. A drawback of limestone boulders is that they do 
not replicate the structural complexity of natural hard bottom features.  It is important to 
realize that, in some cases, perceived benefits of artificial reefs actually conflict with 
particular project goals.  For example, a potential detrimental effect on local fish 
populations could occur if fishes are drawn from surrounding natural hard bottom areas 
and concentrated around the ASR, making them more vulnerable to fishing.  This is a 
standard argument of the negative effects of artificial reef deployments (Bohnsack, 
1989).  
 
Shore- or vessel-based anglers would likely fish around the ASR, depending on 
individual access.  Fishers operating from shore would be limited to fishing over portions 
of the reef within casting or wading range.  Some fishers may use small, self-deployed 
watercrafts such as kayaks or surfboards to reach a reef outside of the surf zone.  Access 
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by fishers operating from larger boats will be limited to calm days with no ground swell 
or wind-generated waves or by the size of their vessel.  The distance to the nearest inlet 
(Canaveral) is considerable and would limit the number of days that small vessels would 
be able travel to the site.   
 
Divers (primarily snorkelers) would utilize the proposed ASR; but, because of the 
generally poor visibility during much of the year, most divers would likely be 
spearfishers less concerned about water clarity and sight-seeing, instead using the guise 
of murky water as way to more closely approach their quarry when hunting (e.g., 
sheepshead, flounder, and gray snapper).  Given appropriate conditions during the 
summer months, water clarity would be adequate for sight-seeing by snorkelers and 
possibly SCUBA divers.  Similar to fishers, divers would be limited by mode of 
operation, accessibility, and sea conditions.  

7.2.2.3. Mitigation Potential 
The proposed ASR could be considered as mitigation for impacts to natural nearshore 
hard bottom – but only if it can be demonstrated that certain key ecological functions of 
the natural hard bottom lost due to other shoreline protection projects could be restored 
by these features. Ecological functions are attributes of structured habitats that benefit 
algae, invertebrates, fishes, and marine turtles.  Functions include cover, substrate, 
nesting sites, and feeding sites.  These habitat functions benefit many individual taxa 
(Continental Shelf Associates, Inc. et al., 2006).  An important function of the Mid-Reach 
nearshore hard bottom is that it is a foraging area for juvenile marine turtles (Holloway-
Adkins and Provancha, 2005; Holloway-Adkins et al., 2000).  These young turtles feed 
on macroalgae, particularly rhodophytes (red algae) that grow on the nearshore hard 
bottom.  A number of economically important fish species find cover and feeding 
opportunities on the natural nearshore hard bottom as well.  Another species that inhabits 
nearshore hard bottom of the Mid-Reach is the striped croaker (Bairdiella sanctaeluciae), 
listed by both the National Marine Fisheries Service (NMFS) and Fish and Wildlife 
Service (FWS) as a species of special concern.  Worm rock forms broad colonies on hard 
substrate in nearshore waters and can be a dominant member of the sessile assemblage.  
Worm rock increases habitat complexity and surface area and provides additional shelter 
for a diverse assemblage of decapod crustaceans (Gore et al., 1978). 
 
FDEP’s perspective on artificial reefs as being ecologically beneficial would be 
predicated on how well the ASR replicates basic ecological functions provided by natural 
hard bottom. Limestone boulders will restore many ecological functions provided by 
natural hard bottom and have been used in other hard bottom mitigation projects 
(Continental Shelf Associates, 2006; Prekel et al., 2007).Within the current regulatory 
climate, it is highly unlikely that the entire ASR footprint would be considered 
mitigation. However, by scoring potential ecological functions restored by the ASR 
within the mandated Uniform Mitigation Assessment Method (UMAM) in accordance 
with Chapter 62-345 Florida Administrative Code, some credit could be accrued towards 
the ultimate mitigation ratio/requirements. In order to do so, the reef should be 
constructed of hard substrata, be in the vicinity of the Mid-Reach, be placed in shallow 
water depths, and be away from existing natural hard bottom. 
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7.2.3. Concrete Rubble 

7.2.3.1. Construction-related Impacts 
Articulated concrete mats could be used to underlie and stabilize the concrete rubble. 
Impacts of deployment will be nearly identical to those described in Section 7.2.2.1 for 
limestone boulders.  

7.2.3.2. Ecological and Recreational Benefits 
Ecological and recreational benefits from a concrete rubble ASR would be similar to 
those described above for Limestone boulders (Section 7.2.2.2).  Concrete rubble will 
provide some topographic complexity attractive to fishes and motile invertebrates, but as 
with limestone boulders, it does not accurately mimic the structure of the natural hard 
bottom.  Also, attached organisms such as algae and sessile invertebrates may react 
differentially to bare concrete.  Many fish and algae will colonize concrete surfaces and 
certainly worm rock will attach to it. 

7.2.3.3. Mitigation Potential 
Concrete rubble will provide structural complexity and hard surfaces that will, to some 
extent, replicate natural nearshore hard bottom and restore key ecological functions.  
Concrete rubble has been used in some mitigation applications (Continental Shelf 
Associates, Inc., 2006), but currently limestone boulders and modules consisting of 
limestone embedded in concrete are preferred.  Mitigation potential of concrete rubble 
will be similar but less than that discussed above for limestone boulders (Section 7.2.2.3). 

 
7.2.4. Limestone Embedded Concrete Units 

7.2.4.1. Construction-related Impacts 
The deployment of limestone embedded concrete units would involve barge and crane 
operations similar to those described for limestone boulders.  The construction-related 
impacts would, therefore, be very similar to those described in Section 7.2.2.1. 

7.2.4.2. Ecological and Recreational Benefits 
Limestone embedded concrete units would support a diverse assemblage of algae, 
invertebrates, fishes, and marine turtles. The proportional kinds and numbers of species 
would be similar to that described for limestone boulders. The relief and structure of reefs 
would provide recreational opportunities for fishers and divers. These structures have an 
advantage over limestone boulders and concrete rubble in that more complexity can be 
achieved by varying the size and nature of the embedded limestone. Continental Shelf 
Associates Inc. et al., 2006 describe concrete articulating mats embedded with native 
coquina limestone rock designed specifically for the Mid-Reach. These mats can be 
stacked along their margins to create natural looking ledges and overhangs. 

7.2.4.3. Mitigation Potential 
Although currently any hard shoreline defense or coastal erosion structure is not 
permitted to serve directly as mitigation for any consequent losses of hard bottom, 
concrete embedded with limestone would provide an excellent material for mitigating 
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impacts to hard bottom.  As mentioned Section 7.2.2.3, structures of limestone embedded 
in concrete may also contribute to UMAM calculations.   

 
7.2.5. Geotextile Sand Filled Containers 

7.2.5.1. Construction-related Impacts 
The approach for constructing Geotextile sand filled containers is referred to as Rapid 
Accurate Deployment (RAD) technique – developed by ASRA.  An environmental issue 
with this approach will be the pumping of sand from a nearby source.  An inshore source 
of suitable sand, with characteristics (grain size and sorting) similar to native beach sand 
will be required to prevent chronically elevated turbidity in the project area.  As with 
other hard materials, Geotextile sand filled containers will impact the basic footprint of 
the reef area eliminating all infauna and motile invertebrates.  Additional effects on the 
surrounding sediments may occur but the given the high energy environment, 
accumulation of detritus and organic matter would be highly variable.  Because this is the 
only approach that involves some operations from the beach, there is potential for 
impacts to nesting shorebirds and marine turtles.  Preliminary surveys of proposed 
deployment sites and utilization of temporal windows when species are not present or 
active can completely avert any such impacts.  

7.2.5.2. Ecological and Recreational Benefits 
ASR designs using sand bags certainly will be colonized by algae, sessile invertebrates, 
and fishes; but, the species composition and richness of the resulting assemblage will 
likely differ from that of an ASR built with hard material.  Burgess et al. (2003) 
documented a diverse assemblage of fishes and algae associated with Narrowneck Reef 
in Australia.  

7.2.5.3. Mitigation Potential 
Because Geotextile containers filled with sand will support algae and fishes they may be 
suitable in part as mitigation for hard bottom impacts.  As mentioned in Section 7.2.2.3 
for limestone boulders, these structures could be incorporated into UMAM calculations to 
garner credit for some portion of the mitigation acreage. 
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7.3. Conclusions 
 
In summary, the five material types considered for building an ASR along the Brevard County 
beaches vary with respect to construction-related impacts, ecological and recreational benefits, 
and potential for mitigation.  Expected construction-related impacts would be very similar for 
each option with respect to the seafloor area receiving the reef. The RAD method of installing 
the Geotextile containers is the only option that involves operations from shore, so steps must be 
taken to avoid interactions with shorebird and turtle nesting.  In addition, the RAD approach 
involves pumping sand from an area near the deployment site; clearly the sand from this site 
would have to meet standard specifications (e.g., grain size and sorting) to prevent excess 
turbidity. 
 
Expected ecological and recreational benefits vary among the different material types.  Sand will 
provide the fewest ecological and recreational benefits.  A sand berm would support infaunal 
assemblages that would provide feeding opportunities for fishes such as Florida pompano, but 
the overall fish diversity would likely be low over the soft substrate.  The other materials provide 
relief and structural complexity that will enhance the attractiveness to fishes and motile 
invertebrates.  Limestone boulders, concrete rubble, and limestone embedded in concrete will 
provide hard surfaces for the attachment of algae and epibiota, which in turn will provide food 
for fishes and marine turtles.  Although it is uncertain the extent to which Geotextile sand filled 
containers will provide substrate for local motile and sessile invertebrate species, these structures 
will likely attract a variety of fishes and algae.  ASRs constructed from any of the materials will 
provide some level of fishing opportunities for local residents.  Snorkeling and diving will be 
limited to the structured habitat types expected to be richer in fish and invertebrate species than 
the sand berm option. 
 
Substantive mitigation potential is limited to the limestone boulders and limestone embedded in 
concrete.  Of these, the limestone embedded in concrete would be the best choice because of the 
ability to create natural looking (and functioning) structures. These are the only material types 
currently used to construct mitigation reefs in Florida.   
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8.0 Benefit & Cost Analysis 

8.1. General 
 
It is desirable to assess benefits and costs associated with an ASR to determine whether 
construction of an ASR is economically justified. Based upon experience and existing State and 
Federal regulations as generally outlined in Section 5.11 of this Report, the annual cost of the 
ASR (cost) should be less than the annual value of the reduced quantity of sand needed to 
maintain the Brevard County Federal Shore Protection Project (benefit) after construction of an 
ASR. In this section, costs and erosion control benefits are addressed herein by Coastal Tech for 
an ASR comprised of sand-filled-geotextile-containers or “sandbags” in a configuration – as 
recommended by ASR America. Recreational benefits are addressed in detail by Praecipio EFS 
(PEFS) in Appendix A. The following describes the methods used herein by Coastal Tech to 
assess benefits and costs:  

�  Annual Erosion Control Benefits are estimated based upon the estimated reduction in 
beach fill potentially attributable to an ASR –  

o The first year value of this “fill reduction” benefit is estimated, for example, as 
 $82,788/yr = 3.26cy/ft/yr * 2,625ft * $9.68/cy.  

o The benefit value in future years is assumed to increase based upon inflation (4%). 
o The present value of the sum of future benefits is identified. 
o The present value is then amortized over the Project Life of 25 years at 4% to yield 

an annual benefit. 
�  Annual Recreational Benefits are estimated by amortizing the present value of benefits 

estimated by PEFS over the Project Life of 25 years. 
�  Annual Costs are estimated over the 25 year Project Life, brought to present value then 

amortized over the Project Life of 25 years. 
�  The B/C ratio is determined as the sum of annual benefits divided by annual costs.  

 
Uncertainty exists relative to the extent that: (a) an ASR might reduce the future beach fill 
requirements to maintain the USACE Shore Protection Project, (b) whether Surfing events will 
occur, and (c) the number of days that surfing may be improved by an ASR sufficient to attract 
additional surfers to Brevard County beaches. The range of potential benefits described below 
reflects these uncertainties. For each benefit, tables are provided below to illustrate calculations 
associated with various potential assumptions. Appendix D provides tables for calculations 
associated with all considered scenarios based upon various combinations of assumptions related 
to these uncertainties. 

8.2. Erosion Control Benefits  
 
As cited in Section 5.8, relative to the potential reduction of beach fill requirements to maintain 
the North Reach of the Brevard County Shore Protection Project, an ASR could feasibly:   

�  cause no net reduction in fill requirements, or 
�  reduce fill requirements by 3.26cy/ft/yr over the extent of an 800m (2625’) salient, or 
�  reduce fill requirements by 6.40 cy/ft/yr over the extent of an 800m salient, or 
�  reduce fill requirements by 7.51 cy/ft/yr over the extent of an 800m salient. 
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“No net reduction” would most likely occur as the reduced erosion along the ASR salient also 
reduces the amount of sand that is transported to downdrift beaches resulting in an equivalent 
increase in the erosion of the downdrift beaches consistent with the principle of “conservation of 
mass”.  Although these downdrift effects may not be discernable on the downdrift beaches, to 
effectively reduce fill requirements, it must be assumed that any fill reduction attributable to an 
ASR would be without any adverse impact to surrounding beaches. A fill reduction of 
3.26cy/ft/yr is considered the likely best case scenario by Coastal Tech. The potential fill 
reduction values of 6.40 to 7.51 cy/ft/yr, as respectively suggested and identified by ASRA, are 
considered unreasonable and “unlikely to occur” by Coastal Tech.     
 
It is herein assumed that an ASR might be constructed in 2010. According to Mike McGarry of 
Brevard County (McGarry 2008), the County most recently (in 2005) paid $6.45 per cubic yard 
for nourishment of the beach along the County’s “North Reach”; it is conservatively assumed 
that current unit prices would increase in 2010 to 50% above this 2005 value to a value of $9.68 
per cubic yard. Table 8.1 summarizes the estimate of the 2010 benefit at $82,788 attributable to 
“erosion control” as might be attributable to an ASR with a reduction in fill requirements at 
3.26cy/ft/yr. As summarized for Scenario 3 in Table 1b of Appendix D, after the benefit value in 
subsequent years is estimated, brought to present value, and amortized over the Project Life of 
25 years at 4%, the annual erosion control benefit is estimated at  $132,486. 
 

 
Table 8.1 Summary of ASR Annual Erosion Control Benefits 

2010 Erosion Control Benefit 
volumetric loss rate  3.26 cy/ft/yr 
length of shoreline 800 meters 
length of shoreline 2,624.8 feet 

annual volume loss prevented  8,557 cy/yr 
unit price $9.68 per cy 

2010 erosion control benefit $82,788  
Annual erosion control benefit $132,486 per year 

8.3. Recreational Benefits  
 
Appendix A entails an analysis of potential recreational benefits attributable to potential 
increased recreational use of candidate ASRs as determined by PEFS under separate contract 
with the County. PEFS conducted telephone surveys among user groups and stakeholders 
(including the Space Coast Tourism Development Council, Ron Jon Surf Shop, Cocoa Beach 
Surf Company and other interested parties) to assess: 

(a) the value of use (“willingness to pay”) per visit for surfing, fishing, swimming, and 
snorkeling associated with (i) existing conditions and (ii) with an ASR;    

(b) the value that can be reasonably captured by existing infrastructure or likely 
changes/investments in additional events or infrastructure. 

(c) the increased number of users (surfing, snorkeling, and sport fishing) that would use the 
Brevard County area with ASRs;   

(d) the potential local economic benefits associated with major events such as Surfing 
Tournaments (e.g., Ron Jon Easter Surf Festival and the Sebastian Inlet Pro Surfing 
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Contest or additional events) - with and without ASRs and the level of local interest in 
developing additional events for surfers given predicted enhanced conditions; and   

(e) what physical attributes of an ASR (e.g., performance, predictability, location) are 
necessary for generating additional events or activities to attract more surfers to develop 
net economic revenue for public and/or private interests. 

 
Based upon the results of the above, PEFS estimated the overall recreational benefits associated 
with construction of ASRs and identified those benefits most likely to be captured by the 
current economy including the number of additional visitors to the Brevard County area, their 
length of stay and associated increased annual spending by this group based on previous studies 
of tourism in the Brevard County area by PMG Associates, Inc completed in 2002.   
 
For the purposes of this Study, PEFS estimated the present value of benefits accrued over 25 
years associated with construction of an ASR at the top-ranked candidate site near the Cocoa 
Beach Pier (R17 – R19) associated with (a) increased recreational use at 34 days per year of 
improved surfing sufficient to attract visitors, without and with (b) Surf Contests or “Events” - 
as summarized in Tables 8.2a and 8.2b. 
 

Table 8.2a Summary of Recreation Benefits – without Events 
Recreation Benefits 

present value of Recreation Benefits  $918,709 
present value of Event Benefits  $0 

present value of recreation & event benefits  $918,709 
interest rate  4.0% 

annual recreation benefit  $58,808 
  

Table 8.2b Summary of Recreation Benefits – with Events 
Recreation Benefits 

present value of Recreation Benefits  $918,709 
present value of Event Benefits  $1,679,494 

present value of recreation & event benefits  $2,598,203 
interest rate  4.0% 

annual recreation benefit  $166,316 
  

As cited in Appendix B, “waves would be expected to at least ‘trip’ on the ASR approximately 
56% of the time. However, it is noted that tripping does not necessarily constitute an 
improvement in surf quality, nor in frequency-of-occurrence, as compared to the natural 
surfbreak”. The estimate of “56% of the time” corresponds to about 204 days per year. Per the 
wave analysis performed by SES (Appendix B), “the ASR would be expected to create 
significantly improved surfbreak approximately 34 days per year.” ASRA (Appendix C) has 
asserted that recreational benefits associated with surfing on the reef should be based upon 204 
days per year.  In response to ASRA’s assertion, at the request of Coastal Tech, PEFS also 
estimated recreational benefits at a present value of $5,554,731 associated with the potential 
assumption of 204 days per year of improved surfing – as identified by Dr. Michael Slotkin of 
PEFS (via 10/30 email). 
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Note that: 
�  Recreation Benefits are associated with increased visitation to the area surrounding the 

potential ASR by surfers drawn to the ASR. These benefits might be considered in the 
context of economic justification by the USACE in consideration of federal funding 
for an ASR as a potentially beneficial feature of the Brevard County Shore Protection 
Project.  

�  Event Benefits are associated with a “major surf contest” or comparable event that 
might be developed to draw visitors to the area and stimulate commercial economic 
activity.  

�  The present value of benefits, as estimated by PEFS, has been amortized by Coastal 
Tech over a maximum Project Life of 25 years to yield the value of expected annual 
benefits. 

8.4. Probable Costs  
 

Table 8.3 summarizes the probable costs associated with an ASR including design, engineering, 
permitting, construction, maintenance on a 5-year interval as identified by ASRA (Appendix 
C8), monitoring, and the increased cost associated with providing a lifeguard to reasonably 
ensure public safety over an assumed 25-year Project Life – amortized to identify probable 
annual costs. The probable costs for a “sand-filled geotextile structure” (comprised of 
“sandbags”) are identified in Table 8.3 are as has been proposed by ASR America.   
 
Note that, as the basis of this analysis as reflected in Table 8.2, it is conservatively assumed that: 

�  No costs for alteration or removal of the structure are included – under FDEP rules for 
“innovative” or “experimental” projects, FDEP can require alteration or removal of the 
structure.  

�  No adverse impacts to adjacent beaches will occur due to expected sand trapped by the 
ASR; this assumption is inconsistent with basic coastal engineering principles associated 
with “conservation of mass” where, as identified by ASRA in Appendix C, “the sand that 
forms the salient comes from the whole beach system”.  

�  Monitoring will only be required by FDEP for a period of 3 years; FDEP can require 
indefinite monitoring of the structure.    

8.5. Benefit/Cost Analysis  
 
Table 8.4 summarizes the benefits, costs, and benefit/cost ratio concluded by this Study to 
correspond to the likely best case scenario that is expected to occur with the conservative 
assumptions cited in section 8.4 and the following assumptions: 

�  The ASR may reduce beach fill requirements to maintain the North Reach of the 
Brevard County Shore Protection Project by 3.26cy/ft/yr over the extent of an 800m 
(2625’) salient - equivalent to 8,557cy per year valued at $82,788 per year.  

�  No surfing events are likely due to the distance offshore and the inability of judges or 
observers to see surfing action on the ASR. 

�  The number of improved surfing days is expected at 34 days per year.  
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Table 8.3 – Probable Cost – Amortization Summary 

Probable Cost - Amortization Summary 

          
Interest 

Rate 4.0% 
    Design Construction Lifeguard Monitoring   Present 

Year 
& 

Permitting Costs Costs Costs   Worth 

0 2009 $460,000       $460,000  
1 2010   $5,650,000  $75,000    $5,504,808  
2 2011     $78,000  $175,000  $233,913  
3 2012     $81,120  $175,000  $227,690  
4 2013     $84,365  $175,000  $221,706  
5 2014     $87,739    $72,115  
6 2015   $282,500  $91,249    $295,379  
7 2016     $94,899    $72,115  
8 2017     $98,695    $72,115  
9 2018     $102,643    $72,115  
10 2019     $106,748    $72,115  
11 2020   $343,704  $111,018    $295,379  
12 2021     $115,459    $72,115  
13 2022     $120,077    $72,115  
14 2023     $124,881    $72,115  
15 2024     $129,876    $72,115  
16 2025   $418,169  $135,071    $295,379  
17 2026     $140,474    $72,115  
18 2027     $146,093    $72,115  
19 2028     $151,936    $72,115  
20 2029     $158,014    $72,115  
21 2030   $508,767  $164,334    $295,379  
22 2031     $170,908    $72,115  
23 2032     $177,744    $72,115  
24 2033     $184,854    $72,115  
25 2034     $192,248    $72,115  
           Total Present Worth: $9,055,600  

   Amortization Period:  25  years 

   
    

Annual 
Cost: $579,667  

 
Table 8.4 – Summary of Benefit Cost Analysis 

Benefit/Cost Analysis 
Total Annual Benefit $191,294 

Total Annual Cost  $579,667  
B/C Ratio 0.33 

 
Table 8.5 summarizes the estimated benefit-cost ratio for various combinations of assumptions 
relative to the following key uncertainties surrounding an ASR for Brevard County: 

�  the reduction in beach fill maintenance requirements over a 800m salient, 
�  whether Surfing Events will occur, and 
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�  the number of days for which surfing conditions would be improved by an ASR. 
Appendix D includes tables summarizing calculations associated with all considered scenarios 
based upon various combinations of assumptions related to these uncertainties. 
 

Table 8.5 – Benefit Cost Ratio for alternative Assumptions 

Scenario 

Effective 
Reduction 

in 
Erosion 
Rate at 
Salient 

(cy/ft/yr) 
Surfing 
Events 

Improved 
Surfing 
Days 

Erosion 
Benefits/Cost 

B/C 
Ratio Comments by Coastal Tech 

1 0 No 34 0.0% 0.10 potential worst case  

2 0 Yes 34 0.0% 0.29 
same as Scenario 1 with unlikely Surfing 
Events 

3 3.26 No 34 22.9% 0.33 likely best case scenario 

4 3.26 Yes 34 22.9% 0.52 
same as Scenario 3 with unlikely  
Surfing Events 

5 3.26 Yes 204 22.9% 1.03 
= Scenario 4 with unlikely, but           
highest number of Improved Surfing Days 

6 6.40 No 204 44.9% 1.06 
= Scenario 5 with but  No Events & unlikely 
higher Effective Reduction in Erosion 

7 7.51 No 204 52.7% 1.14 
unlikely - but best scenario under 
 USACE criteria 

8 7.51 Yes 204 52.7% 1.33 unlikely - but best overall scenario 

 Notes:  1.  All scenarios assume:     

         (a) maintenance of the ASR will be required, and     

         (b) a salient over 800 meters (2,625 feet) of shoreline will have improved stability in the lee of the ASR. 

  2.  The "Effective Reduction in Erosion Rate at Salient" is relative to the USACE Shore Protection Project; 

       Scenarios 1and 2 assume a downdrift effect and no net reduction.  

 
Based upon the above, it is Coastal Tech’s professional opinion that an ASR for Brevard County 
is not economically justified and is not expected to qualify for state or federal cost-sharing.   
Note that: 

�  Surfing Event benefits are not expected to be viable benefits under USACE criteria.  
�  Additional recreation benefits and any additional “storm damage reduction benefits” 

constitute a “Betterment” of the federal USACE Shore Protection Project for which the 
County would “pay the incremental cost” of an ASR (see Section 5.11).  

�  If the County elects to pursue an ASR, at best, federal and state cost-sharing is expected 
to be limited in proportion to the percentage of “Erosion Benefits/Costs” as cited in Table 
8.5 above – if the USACE accepts erosion  benefits are greater than 50%.  

�  Other local tourism and associated marketing benefits might be realized with the 
construction of an ASR – beyond those benefits specifically addressed in this report. 
Such other benefits are not expected to provide a basis for cost-sharing in an ASR by the 
USACE or FDEP. 
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