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Executive Summary

In response to community interest, the Brevard @owoard of County Commissioners tasked the
Brevard County Natural Resources Management Oftficassess the feasibility of constructing multi-
purpose artificial surfing reefs (ASRs) — that nteycompatible with Brevard County’s shore protettio

program. This document summarizes the feasibititgysthat was performed to assess potential lagstio

for various types of a multi-purpossditcial surfing reef— referred to as an “ASR”.

A comprehensive literature review and interviewdoafal governments which have constructed an ASR
indicate the following:
Construction of only four ASR’s has been completaa in Australia, one in New Zealand and
one in California. Of these constructed ASR'’s, otilg ASR in Narrowneck Australia was
constructed for purposes of both surfing enhancéarsherosion control.
ASR’s have been designed and generally found tareehsurfing — particularly during relatively
large-clean-swell wave events that are weathemawe dependent.
There remains uncertainty as to the predictabiftghe extent to which ASRs affect erosion of
adjacent beaches. Even after over 8 years of nrorgtof the Narrowneck Reef in Australia, the
extent to which the Narrowneck reef may have redw®sion of the adjacent beaches has not
been definitively quantified — in part due to irfstient shoreline data for the period prior to
construction of the Narrowneck reef.

Erosion patterns along the Brevard County shordfiom Port Canaveral to Sebastian Inlet were asgess
to identify three potential candidate ASR site9:gduth of the Cocoa Beach Pier, (2) Lori WilsomkPa
and (3) north of the Indialantic Boardwalk. Afteonsideration of erosion rates, availability of pabl
access, and the potential for increased econontigitgcthe area south of the Cocoa Beach Pier was
selected as the optimal prospective site.

The ASR configuration proposed by ASR America wassen by the Feasibility Study Team for analysis
of wave conditions and potential ASR effects. Tdnalysis leads to the following conclusions:
The ASR is expected to produce waves that are pppte for beginner to advanced “surfing
skill levels”.
During normal small wave conditions, the ASR is exted to shelter and create an accretion
salient primarily along the shoreline in the ledtad reef structure.
Although the shoreline and any salient in the le¢he structure are subject to erosion during
high wave events, the salient will accrete andrretiuring normal wave conditions to provide
dynamic stability in the lee of the structure.
The ASR will not fix the shoreline in its lee, bwill create a salient that is expected to erodé wit
the surrounding beaches; the ASR will likely redloz=l erosion rates near the ASR.
The ASR will produce rip currents during large waxeents that could pose a risk to swimmers
and surfers.

To reasonably provide for public safety, it is extieel that the County will need to:
Provide a year-round lifeguard and tower at ametd cost of approximately $75,000/year.
Adopt regulations regarding vessel use on and arthm ASR.

The cost to meet State of Florida requirementsiésign, permitting and post-construction monitotigg
estimated at $985,000. The probable constructi@tsdor an ASR are estimated_at betw&8r6M, if
comprised of concrete rubble, a®®.5M, if comprised of limestone rock. A sandeilgeotextile-
container or “sand bag” ASR, as recommended by A8RYrica, is identified as the preferred material at
a probable construction cost of $5.7M.
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Minor adverse environmental impacts are associatgdburial of the seafloor beneath an ASR strustur
regardless of construction material. A pure sandindowould provide the fewest ecological impacts.
However, rigid ASR materials would provide desigllief and structural complexity that would likel
attract fish and motile invertebrates and potdgtiptovide some recreational benefits associateti wi
diving, snorkeling, and/or fishing. To serve as aignificant hardbottom mitigation in Brevard Coynt
an ASR would need to be comprised of limestoned®rslor limestone embedded in concrete.

Potential benefits associated with an ASR in Brév@ounty include erosion control, recreation and su
contest events. Erosion control benefits are etputle value of the reduced quantity of sand ne¢ded
maintain the Brevard County Federal Shore Protedimject. Recreation benefits are associated with
increased visitation to the area by surfers drawthé ASR. Event benefits are associated with amaj
surf contest or comparable surfing event that miightleveloped to draw visitors to the area anduséita
commercial economic activity.

For the purposes of this study, a range of potesti@narios are assessed in recognition of unoégsi
Based upon review and analysis of available daglikkely best case scenaassumes:
Beach fill maintenance requirements will be reducg@dbout 8,557cy per year.
Surfing Events will notikely occur due to the distance (1000+ feet)haf teef from the beach,
and the inability to view surfing action on an A8Bm the beach.
An ASR will significantly improve surfing conditian— sufficient to lure additional visitors to
Brevard County — on average about 34 days per year.

For an ASR as assessed in this study, for theyliliest case scenario

Total annual benefits are estimated at upltd1,294 per year.

Total annual costs are conservatively estimatdubtat leas$579,667 per year.

An ASR is predicted to most likely have a benefistcratio of 0.33 or less.
It is Coastal Tech’s professional opinion that a®RAfor Brevard County is not economically justified
and is not expected to qualify for state or fedecat-sharing.

On November 14, 2008, ASR America, one member @ffitle-member consulting team contributing to
this report, provided alternative assumptions asgkdions that purport a different range of berwfit
ratios varying from 1.3 to 4.0. The full text ofSR America’s independent opinion with associated
benefit-cost ratios is found in Appendix C-8. Hmeg it is the professional opinion of Coastal Tech
lead consultant selected by Brevard County for shisly, that (a) the assumptions of ASR America are
unlikely to occur under conditions that exist ireBard County, and (b) the most reasonable assunsptio
lead to benefit-cost ratios that range from 0.0.88. Therefore, the most likely best case scemasolts

in estimated costs that are at least three (3)stime predicted benefits.

Note that:
Surfing Event benefits are not expected to be eiehefits under USACE criteria.
Additional recreation benefits and any additiorstofm damage reduction benefits” constitute a
“Betterment” of the federal USACE Shore Protectinoject for which the County would “pay
the incremental cost” of an ASR.
If the County elects to pursue an ASR, at besterfddand state cost-sharing is expected to be
limited in proportion to the percentage of “ErosBanefits/Costs” as cited in Table 8.5.
Other local tourism and associated marketing benefight be realized with the construction of
an ASR - beyond those benefits specifically adeéakss this report. Such other benefits are not
expected to provide a basis for cost-sharing iA8R by the USACE or FDEP.
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1.0 Introduction

1.1. General

In response to community interest, the Brevard @olvatural Resources Management Office
(COUNTY) is considering the feasibility of multi-pquose artificial surfing reefs (ASRsS) to
enhance erosion control, surfing conditions, andoeated recreational opportunities -
compatible with Brevard County’s shore protectisagram. This document summarizes a state-
of-the-art Reconnaissance-Level Feasibility Stuflthe economic, physical, and environmental
aspects of various types of multi-purpose artifigarfing reefs that might be considered for
construction along Brevard County’s Atlantic coiastl

A “short list” of alternatives for a Multi-Purposartificial Surfing Reef is herein identified as
considered practical for the Brevard County/SpaoasCcommunity. The relative merits (pros
and cons) of each of these ASR alternatives areirh@resented — as a reconnaissance-level
evaluation — in terms of probable:

Costs

Performance (surfing, shore protection, other ia&ara)

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 aretdiled engineering design or design modeling,
permitting, detailed economic surveys, in-depth alegiand liability) considerations,
environmental assessments, and physical surveys.

This document was prepared by Coastal Tech withaipeendices and quoted excerpts within
this document prepared by other members oPtiogect Teamwhich includes:

CSA International, INnqQCSA)

Surfbreak Engineering Sciences, I(BES)

ASR of AmericalASRA)

Praecipio EFSPEFS).

The preparation of this document was authorizedth®y Brevard County Board of County
Commissioners at their meeting of February 7, 2008.
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1.2. Scope

Per theapproved Scope of Work, this document specificalignmarizes results of the following

tasks:

Task 1 — Existing ASR -a review and summary of existing literature aneémiews
with local sponsor government and user groups rosaoding existing artificial surfing
reefs (ASRs).

Task 2 — Conceptual Designircluding:

0]

Task 2a - Siting Analysis— identification and ranking of locations where/A®R
might be employed to (i) reduce local longshoregpert without a significant
increase in downdrift erosion, (ii) optimize pubhccess, and/or (iii)) optimally
prompt increased economic activity and associated@nic benefits.

Task 2b — Conceptual Design — ASR Configuration +nitial formulation of
conceptual designs for candidate ASRs bas@dn local knowledge, the
literature, and experience/judgment.

Task 2c — Wave Analysis- analysis of the performance of candidate ASRs
relative to waves with assessment of hydrodynanaicd refinement of the
conceptual design for the top ranked candidate site

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

Task 2e - Public Safety -eonsultation with the Brevard County Ocean Lifeguar
Coordinator to (a) assess the potential impactbeach safety and (b) identify
any additional costs to provide for public safety.

Task 2f — Opinion of Probable Costs- assess the expected requirements and
probable costs to complete design of ASR’s atapehiree candidate sites.

Task 3 — Environmental Assessmerd “desk-top” analysis of the environmental impact
of the candidate ASR’s.

Task 4 Benefits & Cost Analysis -ncluding:

(0]

(0]

o

Task 4a —Erosion Control Benefits felative tobeach stability and future beach
nourishment requirements associated with the Bdeawunty’'s Federal Shore
Protection Project

Task 4b — Increased Recreational Benefits relative toincreased recreational
use of candidate ASRs,

Task 4c — Benefit/Cost Analysis -determination of B/C ratio ands 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 teritify:
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 litemthat (i) ASRs are successful in terms of
surf enhancement and shore protection, and (iipppéicable to Brevard’s coastline.
The detailed literature review is by ASR Americé&SfRA) and is presented in Appendix C.

Known constructed ASR’s include:
Narrowneck, Queensland, Australia,
Cables, Western Australia, Australia,
Pratte's Reef, EI Segundo, California, Los AngdlEsA, and
Mt. Maunganui, New Zealand (completed June 2008).

Table 2.1 (adapted from Appendix C.1) summarize®arview of the characteristics for the
constructed ASRs. The primary function of ASRs lygmerally been to provide surfing
enhancement and/or coastal protection; a secorfdaction has been to provide ecological
enhancement. The measure the success of each A@épaemdent upon its intended primary
function or purpose. Of the four (4) constructe8R5S, three (3) were designed primarily for
surfing enhancement while only one (Narrowneck) designed primarily for coastal protection
with a secondary purpose of surfing and ecologodlancement (see Appendix C.1 by ASRA).
Table 2.1 summarizes the intended primary functafrexisting ASRs from Appendix C.1.

As generally identified ASRA in Appendix C
ASRs principally work by inducing (a) dissipatiohwave energy via friction and wave
breaking, and (b) “wave rotation” via refraction.
The Narrowneck Reef “...has been successful in &tail the adjacent beaches and
reducing the longshore sediment flow...and...has beasanably successful as a surfing
enhancement structure.” [The Narrowneck reef hasantually stabilized the adjacent
beaches but has reduced erosion; see Section thi3 oéport.]
The Cables ASR provided no appreciable accreti@mgalthe shoreline nor was it
intended to do so; the ASR is estimated to havaifgigntly “raised the number of
‘surfing days’ from 20 to greater than 150 days \wesar”.
The Pratte’s Reef did not provide surfing enhancegnmmor did it have an effect on
shoreline morphology. [The Los Angeles Times reggmbron October 9, 2008 that
Pratte’s Reef will be removed. As identified on thebsite of the Surfrider Foundation:
“The removal process will begin on Tuesday, Septnd® and finish Friday, October
17th” 2008.]
The Mt. Maunganui Reef is now complete and “...deBveuality waves during
favorable conditions and surveys performed sineé censtruction began have recorded
variable salient formations in the lee of the reef’
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Table 2.1 - Comparison of existing multi-purpose dificial surfing reefs
(Adapted from: Appendix C.1 by ASRA)

Reef Cables Narrowneck Pratte’s Mt. Maunganui
Location Western Queensland California North Island
Australia Australia USA New Zealand
Status Completed | Completed Completed Completed
1999 2000 2001 2008
Coastal
Primary surfing protection, Surfing Surflng_and
. surfing and | enhancement ecological
Function(s) | Enhancement . o
ecological | and mitigation| enhancement
enhancement
. Geotextile Geotextile :
Constructlp N[ Granite rockd  sand filled sand filled C_seotextlle 'sand
Material : . filled containers
containers containers
Construction | Barge and Split-hull Barge and | Rapid Accurate
Method crane barge crane Deployment
3 3 3 3
Volume 5000 m 60,000m 1600 m 6500 m
Cost per unit 3 3 3 3
F\J,omme $303 /m $50 /m $312 /m $160 /m
Elfjc‘;)rC tCI:Voee?seth Not Very good Not Mogr? rrﬁffl?y(mt
Protection applicable applicable function)
Effectiveness
For Surfing good moderate poor good
Low intensity
mellow wave
, Hollow
during mean .
Low challenging wave
Wave Description| intensit swell Mushy to during clean
P y conditions. | non-existent 9
mellow wave mean swell
Needs large »
conditions
swell to break|
well.
Effectiveness Good while
For Ecology unknown Very good reef existed Very good
C:)nr:FS)trﬁch:I:(e)n Construction
Satisfied all Inadequate delays have
: method :
Comments design reduced design and prevented
requirements . materials reaching full
surfing .
: potential
potential
4
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2.2. Interviews

For known ASRs, Praecipio EFS (PER®ntacted the ASR'’s local sponsor government and
user groups to request and obtain documentatiofomadecdotal characterizations as to whether
the ASRs:
- significantly improved surfing conditions,

attracted more visitors and economic expenditurése surrounding region,

benefited local erosion control efforts,

created any public safety issues, and

are considered economically justified.

The interviews conducted by PEFS are summarizégppendix A from which the following is
noted:
At Cables, as described by Dr. Pattiaratchi, thd&RAS.raised the number of “surfing
days” from 20 to greater than 150 days per yean”t@e other hand, Geoff Trigg,
Manager of Engineering Services for the Town oftlésltoe, stated “No significant surf
improvements are obvious”. No economic analysis w@nducted in association with
the construction of the Cables ASR.
According to Angus Jackson, Director & Principalgireer for International Coastal
Management, Australia, the Narrowneck Reef “...asts& @ontrol structure that forms a
salient in fine weather and reduces extent of stoumn storms” but, John McGrath of
the Gold Coast City Council, Australia, also statedhe (surfing) improvements were
well short of the expectation of our local surfic@mmunity.”
For the Pratte’s Reef, Chad Nelson of Swfrider Foundatiomoted that “the reef did
not create any surf at all. It was too small.”
The following is noted regarding the Mount MaungaRaef:

Per Craig Hadfield

o The ASR has only recently been completed and “.s.itoo early to evaluate
economic benefits.”

o0 “The caliber of the lead contractor and their &pilio work with a project
manager is of paramount importance.”

Per Stephen TowrChief Executive of the Tauranga City Council:

o “It was fully understood from the beginning thaé tfeef design was experimental
in nature - Council accepted this risk being thetfdesign of its type in New
Zealand.

o There is speculation that the performance of tie¢ well 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 patdotiations where an ASR might be employed
to (i) potentially reduce local longshore transpeithout a significant increase in downdrift

erosion, (ii) optimize public access, and/or (optimally prompt increased economic activity
and associated economic benefits.

3.2. Longshore Transport & Erosion

Detailed assessment of the effects of an ASR updiment processes is beyond the scope of
this study. In consideration of longshore transpod erosion to identify candidate ASR sites, it
is assumed that:
Eroding beach segments with maximum volumetric ahdreline change rates —
commonly referred to as “hot-spots” — are coinctderth the maximum gradients in
longshore sediment transport.
An ASR is expected to reduce longshore transpdtiariee of the structure.
At a location with a maximum change rate and witdegreasing change rate in the
downdrift direction — for both shoreline and volun® change - an ASR might be
constructed to “smooth out” the gradient with@utsignificant increase in downdrift
erosion.

Shoreline and volumetric change rates are idedtifiereports and data provided by the Brevard
CountyNatural Resources Management OfficEhe following is a list of shoreline regions and
associated reports employed to assess potentialsit&&Ron the basis of longshore transport and
erosion (with the associated Florida DepartmerEmfironmental Protection [FDEP] reference
monument):
- The North Reach & Patrick Air Force Base (PAFB))2®roject Renourishment 2-Year

Post-Construction Physical Monitoring Report, O|s&d07a(R1 - R75)

The Mid Reach, Assessment of Nearshore Rock anteShotection Alternatives along

the “Mid Reach”, Olsen, 200875 — R118.3)

The South Reach, 2005 Project Renourishment 2-Yst-Construction Physical

Monitoring Report, Olsen, 2007{Rr118.3 — R139)

The South County Beaches, Economic Analysis of Bedourishment Alternatives,

South Beaches, Olsen, 200{#139 - R219)

Shoreline and volumetric change rates from the ab@ports are herein assessed to identify
potential ASR candidate sites based on the assongptiited above. Documented volumetric
changes are limited to the data available for therth Reach & PAFB” and the South Reach; no
volumetric change data is available for the Mid-€teand South County Beaches. Figures 3.1a
— 3.1d contain the MHW changes or change rategh®r‘North Reach & PAFB”, the Mid
Reach, the South Reach, and the South County Bgaobgpectively. Red arrows denote a
location with a maximum change rate and with a e@sing change rate in the downdrift
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direction where an ASR might be constructed to “sthaut” the gradient withowt significant
increase in downdrift erosion. Table 3.2 summarihese locations.
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Figures 3.2a and 3.2b contain the volumetric charigethe “North Reach & PAFB” and the
South Reach, respectively — with the re-nourishnfiintolumes removed. In each figure, the
red denotes a location with a maximum change rateveth a decreasing change rate in the
downdrift direction where an ASR might be constedicto “smooth out” the gradient withoat
significant increase in downdrift erosion. Tabl2 S8ummarizes these locations.
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Table 3.2 summarizes the reaches that might betsdlas a candidate ASR site based upon
consideration of longshore transport and erosicaseB on the assumed criteria cited above,
candidate sites exist near:

R2, R8 to R9, R17 to R19, R28 to R29 - within thivfth Reach & PAFB”
R121 to R122, and R136 to R137 - within the SowthdR.

Table 3.2 - Candidate ASR Sites - based on longsleotransport & erosion

FDEP Volumetric Change MHW Change
Reach Reference
Monument (cylftlyr) (ft/yr)
________ R2 |44 Als
NorthReach | R8tOR9 | 150t0-21.3 | ~ -20.810-17.0
&PAFB | R17toR19 | 1441076 | . 8410-9.8
R28 to R29 -3.6t0 -5.6 -10.4to -8.9
) R85 - -1.5+
Mid Reach  f-------------mmmoprm oo oo oo
R112 - -0.9+
outh Reach|-RE2LOR122] ~-109t0-113 [ 871054
R136 to R137 -7.1t0-8.1 -8.31t0 -4.2
_______ RI46 | o T2
R156 - 2.1
South County R162 N 19
Beaches |-------- -
R169 - -1.2
R179 - -1.7

Note: No value indicates no volumetric data avadab

3.3. Public Access

Assessment of public access is based upon mapsdedoby the Brevard Countiatural
Resources Management Officéor those candidate sites determined in thesassnt relative
to longshore transport and erosion, the numbeubfip parking spaces within one-quarter mile
of the FDEP reference monument is herein identiflearking includes that which is available
along adjacent streets, at beach access sitesratglarks within one-quarter mile of the FDEP
reference monument.

Figure 3.3 summarizes parking spaces within onetguanile of each FDEP reference
monument along Brevard County beaches. Note thmae qmarking spaces are within one-quarter
mile of multiple monuments. The purpose of thisrtha to provide perspective and allow
flexibility for refining candidate ASR site locate.
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Figure 3.3 — Summary of Parking Spaces

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

Table 3.3 - Public access site evaluation

FDEP
Reference Parking Spaces
Reach Monument Access Sites within 1/4 mile
R2 Jetty Park 320
Jefferson Ave. to
North Reach R8 to R9 Jackson Ave. 200 to 154
& PAFB R17 to R19 Cocoa Beach Pier tq 410 to 323
Park Lane
R28 to R29 Lori Wilson Park 358
Indialantic
R121toR122 Boardwalk 353
South Reach Birch Ave. to Elm
R136 to R137| =~ A\‘:e;* 20 to 180

Note: * indicates Primary Beach Access Park,
** Elm Ave within % mile of Spessard Holland Park

11
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3.4. Economic Activity

PEFS assessed and ranked zones within the NortthReal South Reach relative to existing
commercial use to provide a basis for determiningene an ASR may prompt increased
economic activity and associated economic beneftgpendix A contains the commercial use
data compiled by PEFS; Table 3.4 is an adapted suynai the key data identified by PEFS.

Note that the PEFS commercial use assessment wasiated for the Brevard County regions

for four Zones:
1)
2)

(R35)
3)
4)

welcome sign at Ocean Avenue (~R133).

Cocoa Beach North Zonrefrom Taft Ave (~R15) to Banana River Boulevard 26R
Cocoa Beach South Zonrefrom A1A at Surf Drive (~R26) to Minuteman Causgw

Indialantic North Zone from Canova Beach Park (~R105) to Doubletree HetR115)
Indialantic South Zone- from A1A at Boskind Avenue (~R118) to MelbourneaBh

The regions including Cape Canaveral, SatellitecBda Indian Harbor Beach, and Melbourne
Beach south to Sebastian Inlet were not includethénPEFS analysis due to lack of public

lodging density when compared to the above mentiaoaes.

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

Cocoa Cocoa
Beach Beach Indialantic Indialantic
Zone | North Zone | South Zone | North Zone | South Zone
FDEP Reference Monumentd R15 to R26 R26 to R35 R105 to R115 R118 to R1B3
Hotel/Motel Rooms 1738 1534 830 114
Restaurants 40 42 34 27
Retail Establishments 33 40 24 27
Service Establishmentd 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 eithealawlic Zone.

Cocoa Beach South Zone has slight advantage oveoaCBeach North Zone with
respect to restaurants and retail while Cocoa B&kxth Zone has slight advantage with
respect to hotel/motel accommodations. The commledata does not suggest clear
superiority between either of the Cocoa Beach Zones

Indialantic North Zone is preferred over the Indigic South Zone.

12
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3.5. Siting Analysis Summary

Based on the above siting analysis, the top ttBeegndidate sites are summarized in Table 3.5.
All of the candidate sites ranked well with respextongshore transport, public access, and
potential for increased economic activity.

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

Volumetric MHW Parking
FDEP Range Change Change Spaces Economic
Monuments Access (cylftlyr) (ft/yr) w/i 1/4 mile | Ranking
R17toR19 | CocoaBeach | 1) 4 76| 8410-98| 410t0328  tedat]
___________________ PiertoPark Lane """ " (T T T ]
_R28wR29 | LoriWilsonPark  -3610-56  -10480 | 358 | tiedatl |
R121toR122| IMdidlantic | 15945 9130 87t0-5.4 353 4
Boardwalk
13
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4.0 Conceptual Design - ASR Configuration

4.1. General

Under “Task 2b — Conceptual Design — ASR Configardt basedupon local knowledge and
empirical methods identified from the Task 1 reviefmhe literature, for each of the top three
candidate sites identified in Task 2a, an initieafd summary of design criteria and a rough
sketch of a potential ASR are herein presentedidiag:
- crest elevation along the ASR - relative to meam\vater and NGVD,

crest angle to shoreline and dominant wave energy,

“quality” of targeted surf experience including ags surfing-wave height range, peel

angle, length of ride, and associated target lefvsurfing skill,

shore-parallel extent and general layout,

potential number of users based upon density affersper 5 feet of ASR length, and

range of ambient water depths — as may be pradicatonstruction equipment and

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

4.2. Evaluation of ASR Configuration — Surfing Skil

Figure 4.1 identifies the suggested surfable liamt level of surfing skill associated with (a)
breaking wave height, and (b) peel angle (Huttle2@01). Figure 4.1 provides a basis for
identifying appropriate ASR design criteria witlspect to breaking wave height and peel angles.
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Figure 4.1 - Level of surfing skill versus Wave Hght & peel angle(Huitt et al, 2001).
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As identified by John Hearin, of ASR America:

Hutt et al. (2001) demonstrated that Figure 4.1 eften under-estimate the surfing skill
level required, and presented a revised methoda$sessing surfing skill reflected in
Table 4.1 and Figure 4.2.
The peel angle lower limit for professional surfexsurrently around 27 degrees while
most surfers would benefit from peel angles betwg@rand 60 degrees. The proposed
ASR has peel angles at 80 degrees at reef focdaqiate take-off), reducing to 60-30
degrees on reef arms depending on incident waviesagd periods.
Determination of wave breaking intensity (assodateth bed gradient, Vortex Ratio,
Irribarren number) is appropriately addressed wanerical modeling associated with
preliminary design — beyond the scope of this fahiyi study. To optimize breaking
intensity over the range of expected wave heigis, ASR is proposed to employ a
convex design with variable slopes; the slope wdaddigh in deep water and gradually
decline as the reef gets shallower. With orthogoeaf gradients: from 1.5 at base to
1:40 at crest with an average value of 1:20 atslpivave breaking depths.
Based on these design parameters and the methedsbed in Hutt et al. (2001) the
waves breaking on the reef will yield a SurfinglBRiating from Figure 4.2:

0 1 meter wave height — levels 2 thru 9 — beginnexjmert

0 2 meter wave height — levels 3 thru 8 — intermediatexpert.

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

Peel
Angle | Wave Height
Limit Min/ Max
Rating Description of Rating (deq) (m)
1 Begmngr surfers not yet able to ride the face whae and 90 0.70/ 1.00
simply moves forward as the wave advances.
2 Learner surfers able to successfully ride lateralyng the 70 0.65/1.50
crest of a wave.
3 Surfers thzf\t have_z d?veloped the skill to geneaged by 60 0.60/2.50
pumping’ on the face of the wave.
4 Surfers beginning to initiate and execute standarting 55 0.55/4.00
maneuvers on occasion.
5 Surfers able to execute §tandard maneuvers congaguin 50 0.50 / >4.00
a single wave.
6 Surfers able to execute standard maneuvers cor_\&eiyut 40 0.45 / >4.00
Executes advanced maneuvers on occasion.
Y Top amateur surfers able to consecutively exealitareced 29 0.40 / >4.00
maneuvers.
8 Professional surfers able to consecutively exeadt@nced 27 0.35/>4.00
maneuvers.
9 Top 44 professional surfers able to consecutivegcate Not 0.30 / >4.00
advanced maneuvers. reached
10 Surfers in the future Not 0.3/>4.00
reached
15

November 17, 2008



90

6D o RN e e D L

Peel Angle
(deg) L
T
3[] __—;'Jr____.____ﬂ“_____:___:_____________;_
R T i 2
0 : :
2 3 4

Wave Height (m)

Figure 4.2 - Surfing Skill versus Peel Angle & Wavéieight (Hutt et al., 2001)

For Brevard County, wave heights are predomindeig than 2 meters §’). At a wave height

of about 2 meters, according to Figure 4.1 or Fegdi2, the peel angle on an ASR might be
varied to achieve a desirable target skill to yeghgheal for (a) surf contests that might be luced t
the ASR, or (b) experienced or expert surfers, wioold most likely be willing to paddle the
distance offshore (300+m) necessary to reach thHe. AS

4.3. Evaluation of ASR Configuration — Shoreline Rgponse

Figure 4.3 presents resultsraimerical and physical modeling testducted by Ranasinghe et
al (2006), - proposed as a preliminary engineering tool to ealihe potential shoreline
response to submerged structures”, where
S = 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 quantitatiegdadsurrounding the determination of salient
size and volume in the lee of an ASR. As citedRlaypasinghe et al (2006):
“Not only is there insufficient published informati available on shoreline response to
multi-functional ASRs, relatively little is knowrbaut shoreline response to submerged
structures in general.”
Ranasinghe et al (2006) undertookseries of 2DH numerical and 3D scaled physical
modeling tests ...to investigate shoreline respoogedad-crested, submerged structures
(multi-functional artificial surfing reefs).”
“The version of MIKE 21 CAMS used in this study da®ot include a changing shoreline
feature (i.e. shoreline remains fixed during thérersimulation). Therefore, horizontal

16
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displacements of the 1m depth contour were usea @®xy for quantifying shoreline
changes in this study.”

“Another aspect that requires further attentionthe robustness of the predictive
empirical relationships proposed iRigure 4.3."As these relationships are based on very
sparse data, more data points (i.e. more numesigallations covering a broader range
of parameter values) are needed to evaluate thestrodss of these empirical
relationships.”

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

As reflected in Figure 4.3BWhile the mode of shoreline response remains umgéa
for changes in structure crest level, the magnitafishoreline response (quantity of
erosion or accretion) is less for structures wathidr crest levels.”

As indicated in Figure 4.3, to achieve the maxinpositive shoreline response corresponding to
accretion in the lee of the structure, the striectapex 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 sime gradient and wave height. The
gradient in Brevard County is approximately 1:10Berefore the typical values for SZW
in Brevard County vary from approximately 75m td®&bas 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 jpos&t 300m offshore from MSL
which is more than twice the SZW for mean wave @tk and still greater than the
SZW for 2m waves. The Ranasinghe method predietsaitcretion will occur behind the
reef for most wave conditions that occur in Brevaalinty.

A salient with dimensions of approximately 100m ss:@hore and 800m longshore is
predicted to form behind the reef based on relatigps derived by Black and Andrews
(2001).

Both methods predict that accretion will occur lie tee of the conceptual reef design if
placed 300m offshore of MSL.

17
November 17, 2008



d
1k:] ; I T L
: shore-normal ! I
06— ——— oblique
DA == === = = — ===
[in}
= 0.2
0.0 -
. I
I
024 ————--L
]
-0.4
0
0.a T T 1
higher crest (0.5m) : '
0.6 = = = ower crest (1.0m)
T
[
0A4 ———————— ----~
I
[
Qoo+ -------- - - -
[
[
0.0 —
1 [
D24+ ————- - e Sttt
T I
-0.4 : i T T :
a 1
S,/ 8ZW

Figures 4.3.a and 4.3.b - Shoreline Response & ASRshore location
(Ranasinghe et al, 2006).

As identified in Appendix C (ASRA, September 2008):
“The conceptual reef design has an effective alooigs length of 96m and an offshore
distance of 300m which equates to a B/S ratio 820A salient with dimensions of
approximately 100 m cross-shore and 800m alongskgueedicted to form behind the reef
based on the relationships derived by Black.”

Monitoring of the Narrowneck reef (Blacka et al 08 indicates that between August 2000 and
January 2008, shoreline changes in the area di#neowneck Reef represent overall recession
at:

an average of -1.9m/yr along the “northern” dowifhdreaches and -1.5m/yr along the

“southern” updrift beaches, and

an average of -3.6 m/yr in the vicinity of the Navneck Reef.
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The above data indicates that the Narrowneck Raefbt created a fixed salient, but indicates
the salient has eroded with the surrounding beadiesempirical methods to predict the salient
in the lee of a submerged breakwater — as cite8iSIA in Appendix C and in the literature - do
not reflect the dynamic variability in the saliesttoreline position as seen for the Narrowneck
reef.

Although the Narrowneck reef has apparently impdoserfing, the effects of the reef upon the
adjacent beaches — relative to reduced erosionve met previously been quantitatively
documented. As identified via email (113/08) by [@n Turney Deputy Director of Research at
the Water Research Laboratory at the Universitgaith Wales:
“The major confounding factor at the Gold Coas¢ gglephant in the corner...) is that the
beach in the vicinity of the reef was extensivalydr) nourished immediately prior to the
commencement of reef construction. Unfortunatdigspite our best efforts, we were not
able to secure the monitoring during this priorier so the true ‘initial’ conditions against
which longer-term trends should be measured, atereworded. This nourishment was
focused at the beach-face, so as anticipated; ¢hehbin the vicinity of Narrowneck has
adjusted as this additional sand volume movedmifalongshore. So unfortunately, | regard
the whole exercise as inconclusive. | dothatk that the reef caused erosion, but the degree
to which it may have assisted to stabilize a parobthe nourishment volume cannot (in my
view) be quantified.”

The November 15, 2008 ASRA Response (Appendix @8tifies for the Narrowneck reef:
“The average rate of shoreline recession priohéodurrent project (background erosion) was -5
meters per year.” The long-term (200-2008) shoeethange rate in the vicinity of the reef is
documented (Blacka et al, 2008) at -3.6 metersypar. This data indicates a 28% reduction in
the shoreline change rate for the Narrowneck reef.

To provide some basis for estimating the poterngdluction in nourishment requirements, it
might be assumed that the reef will reduce thei@noat the targeted “hot-spot” — along the
shoreline (affected by the ASR salient - to becomgeivalent to the surrounding ambient
unaffected beaches beyond the influence of the Af®R it's salient. For the beaches

background erosion rate (cy/ft/yr) at the adjadeDEP reference monuments and a spatially
weighted average rate:
along the shoreline (2625 = 800m) predicted by AS® be affected by the ASR
salient, and
along the ambient beaches to the north and south.
This approach suggests that the reduced volumesses attributable to an ASR might be on the
order of 3.26 cy/ft/yr (11.4 cyl/ft/yr — 8.1cylftlyra 29% reduction, which corresponds closely to
the 28% reduction in shoreline recession identifibdve for the Narrowneck reef.

Based upon similar considerations as identifiethas above paragraph, John Hearin of ASRA
has suggested (via 11/4/08 email) that the erasitenalong the ASR salient should be -5cy/ft/yr,
closer to the background rate of the downdrift beacnear R-20 at 5.1cy/ft/yr. Based upon this
assumption, the reduced volumetric losses ataiide to an ASR might be on the order of 6.4
cy/ftlyr (11.4 cyl/ft/yr — 5.0cylft/yr).
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Based upon similar considerations as identifiethin above paragraphs, ASRA has suggested
(Appendix C8 - dated 11/14/08) that the erosior edbng the ASR salient would be reduced by

7.51cy/ft/yr which corresponds to a 66% reductiothie erosion rate.

Table 4.3 — Back

ground Erosion Surrounding PotentiBASR Salient

Data from Figure 3.2a
_____________ : Reef Area Ambient Are
i Volume : pijstance [ Uy
FDEP . Change i between i Change | Average i Change |
Reference! Rate ' Monuments | Distance! Rate ! Rate Distance | Rate | Average
Monument : (cy/ftlyr) (feet) (feet) (cy/ttlyr) (cy/ttlyr) (feet) (cy/ttlyr) (cy/ttlyr)
R15 -11.4 ' ' ' '
0 woe | 1,019 -10.9 |
" R16 . -105 . | oo
0 esa | se3 i 1290 | 502 -12.0:
CR7 44 |
0 o914 | o914 ass: | i
R8¢ 132 0 | a14 |0 8.1
00 esa | esa i 104 |1
" R19 76
0 1088 | 363 | - 67 | 675. -6.0 |
R0 | w1 | oo
CR2L 41 o
| Totals:| 2625 3320

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

“sand that forms the salient comes from the whelgch system” (10/31/08)

“large wave events can induce erosion of the sallewever, this feature is expected to

return with smaller wave conditions” (9/08).
The above suggests that the volume of sand inalens has to be placed via beach fill — either
as “pre-fill” and/or to replace sand from adjacbaaches as sand accumulates in the salient after
storm events. These considerations suggest tha¢ tt@uld be no reduction in beach fill
maintenance requirements associated with ASR agrisin.

In general, there remains uncertainty as to themniat effects of an ASR upon the adjacent
shoreline — which currently cannot be reliably peeetl. It's warranted to consider a range of
potential shoreline responses including the foltayill reductions rates along the salient:

0 cy/ft/lyr — associated with likely downdrift effisc

3.26 cylft/yr — based upon an assumption of no diftimpacts and Table 4.3

6.4 cy/ft/yr — as suggested by the 11/4/08 emarhfJohn Hearin of ASRA

7.51 cy/ftlyr — as identified in ASRA’s Appendix Ciated 11/14/08.
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4.4. Surfbreak Engineering Sciences — Preliminary \Ave Analysis

Surfbreak Engineering Sciences Inc. (SES) perforaprkliminary analysis of the wave climate
along Brevard County beaches in the area of theethandidate sites to estimate the number of
days per year that waves will break on the ASRaahecandidate site. Table 4.4 identifies the
results based upon the ASR crest elevation andrinvave theory via the following equation:
Hp = 0.78¢
where,
Hyp, = Breaking Wave Height
d, = Breaking Wave Depth — over the ASR crest
This simple preliminary analysis is used as ancaidir of the_relativgpotential for “surfing
enhancement” to support ranking of alternativessifedetailed assessment of potential “surfing
enhancement” is summarized in Section 5.3.

4.5. Reef Capacity

Based upon local knowledge under “crowded condition about one surfer per 5 feet of
“lineup”, it is anticipated by Coastal Tech that igpa maximum of 130 surfers might use the
ASR at any one time. However, ASR America has cpedehat:
The method used by Coastal Tech to predict theesuaiénsity will over-estimate the
number of surfers who could reasonably use theategfiy one time.
The reef is designed to be ridden from the focake{off point) to the end of the reef
without interruption during favorable wave conditso
Surfers will not spread out along the reef as ttygycally do at most Brevard County
beach breaks but will congregate around the fosuhey do on first peak at Sebastian
Inlet and other quality reef breaks around the dorl
Surfers will catch waves and ride to the end ofréed then paddle back to the focus for
their next wave.
The density of the crowd is regulated by the fremyeof the waves and the time
required to paddle back into position.
Based on experience by ASR America with similaf breaks around the world, the reef
could support approximately 50 surfers at any ane (25 on each arm of reef).
Lengthening the arms of the reef will not increttse surfer density but it will actually
decrease the overall wave quality as there is aofagvminishing returns when it comes
to reef cross-shore length. As the wave propagibesh the reef it will lose size and
reduce in peel angle due to refraction. Extendmegreef'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 oRASmMerica is herein proposed as the
initial basis of this feasibility assessment focleaf the top three candidate sites. With a crest
elevation of -2.77 NGVD, the configuration presehtberein is expected to predominantly
produce waves suitable for a beginner to intermediaurfing skill level” - as identified in
Figure 4.1. With the distance offshore to the apiethe structure at roughly 900 feet to 1200 feet
(297m to 365m), 3 to 4 times the “Natural Surf Zonedth” during “mean” small wave
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conditions, some accretion of a salient is expedtethe lee of the structure. However, as
identified in Table 4.2 and Figure 4.3, during siagvents with high waves (>8’), the empirical
methods of Ranasinghe et al (2006) indicate thatptitential exists for erosion to occur in the
lee of the structure when the apex of the struagsuvathin the ambient surf zone.

No changes to the presented ASR design are hengdosed unless:
Economic analysis indicates a need to accommodaiacaeased number of surfers —
perhaps achieved via multiple reefs.
Further Analysis — as part of this Study - indisatevisions to the conceptual design are
warranted.
If modifications are deemed suitable to the ASRigieshe likely modifications might include
(a) an additional ASR to accommodate more sur{bjsadjustment of the crest angle relative to
the shoreline, (c) movement of the ASR in a shaendicular direction to favorably affect the
shoreline response, or (d) adjustment in the ocestation to improve surfing conditions or
public safety.

Figures 4.4 — 4.6 contain the plan view and cressian for each of the top three candidate sites
including the information summarized in Table 4eldwv:

Table 4.4 — Key Parameters of ASR at Candidate Ske

Breaking Wave Height | Surfing
Distance Days
Site from Shore Low Tide | High Tide | (days/ Year)
Cocoa Beach Pier to Park Lange 805’ to 1185’ 1.3 9 3. 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 HeariASR America appears to be well-thought
and more than adequate for the purposes ofRéasibility Studythis configuration is herein
adopted as the subject of further evaluation isFeasibility Study

Three candidate sites as herein assessed are szeuhiaglow in Table 4.5.

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

Surfing
Volumetric Parking Days
FDEP Range Change Spaces Economic | (Number
Monuments Access (cylftlyr) w/i 1/4 mile | Ranking / Year)
Cocoa Beach .
| RITORIY | piertoparkLang 441076 | 41010323 tedat} 479 |
| __R2Bw0R29 | LoriWilsonPark = 36t0-56, 358 | . tieda| 193
Indialantic
R121 to R122 Boardwalk -10.9t0 -11.3 353 4 229
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The Cocoa Beach Pier is herein identified as tlperémked candidate site for the following
reasons:

(&) The Cocoa Beach Pier site has the greatest pdtdatisgenerating erosion control
benefits — associated with the high volumetricdssthat might be reduced by an ASR.

(b) The Cocoa Beach Pier site also has the greatestmitto generate recreational benefits
associated with the greatest number of nearby pargpaces and the highest Economic
Ranking. In addition, based upon “preliminary résufrom Praecipio EFS (Slotkin,
2008):

The greatest potential recreational benefits apeebed to be associated with a
major “festival” or surf contest that might be drate the ASR.

Commercial interests in the Cocoa Beach area hawimated that they are
prepared to provide private funding to support gomdestival” or surf contest
that might be drawn to the ASR.

(c) The Lori Wilson Park site is within an area of tlegleral USACE Shore Protection
Project that has not required re-nourishment stheeoriginal construction of the Shore
Protection Project (personal communication, Virgilarker, 6/24/08). An ASR at the
Lori Wilson Park site, with this “no re-nourishmént apparently stable condition would
yield no erosion control benefits which must beatedl to a reduction in maintenance
volume requirements for the Shore Protection Ptoj¢Note that the Lori Wilson Park
site (a) has comparable potential for recreatidmegiefits as the Pier site, and (b) might
become most viable - if erosion control benefits arsufficient to justify a basis for
federal funding of an ASR, and the site is preféivg local interests.]

(d) Although the “Indialantic Boardwalk” site (R121 #8122) might produce the greatest
number of “Surfing Days”, this site’s “Economic Ramg” is the lowest among the three
sites, and local commercial interests have yekfmess any intent or desire to support a
major “festival” or surf contest that might be drato an ASR at the site.
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Figure 4.5b - Cross-sections from Lori Wilson candlate site
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Figure 4.6a - ASR configuration at R-122 immediatel north of Boardwalk
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Figure 4.6b - Cross-sections from R-122 candidatées
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5.0 Conceptual Design — Wave Analysis

5.1. General

In support of this study, Surfbreak EngineeringeBces Inc. (SES), and ASR of America
(ASRA) conducted analysis of the wave conditionsl @ssociated potential effects of an
artificial surfing reef (ASR) as described belowdass presented in greater detail in separate
reports titled:
“Brevard County Artificial Surfing Reef Feasibilitgtudy — Task 2c — Wave Analysis”
by SES (2008), Appendix B — hereinafter referredsdhe SES Report, and
“Numerical Modeling Analysis of the Brevard Counfjulti-Purpose Artificial Reef
Conceptual Design” by ASR America (2008c), Appendi8 - hereinafter referred to as
the ASRA Report.

5.2. Wave Conditions

As identified in the SES Report (2008), SES hastifled the following characteristics for wave

conditions in Brevard County:
“The average wave height increases notably as ooeesnsouthward through the
county” from Cape Canaveral.
“This gradient in wave height is attributed to 8tesltering effects of Cape Canaveral at
times when waves approach from the north/nortHedast‘peak wave period of
nominally 8 seconds dominates the climate.”
The “average peak period is almost uniform throwghthe county, but with slight
variation also as a consequence of the sheltefitigecCape.”
The “average wave direction ...displays the cleaeafbf the refraction process in the
Canaveral Bight, as the incoming waves attemptligm ahemselves with the curved
bottom contours & shoreline.” Waves “approach frtim southeast more often than
from the northeast.”
“September through December experiences the lamg@ges, with October being the
most energetic month of the year. Moderate enkxgsls are seen in January through
May, and August. June and July are clearly thstleaergetic months.”
Average wave conditions at the top-ranked site r(ifiR48) correspond to an average
wave height of 2 feet (0.61m) at 10%4ffom true north in an offshore water depth of —
25.3 feet (-10.6m) MWL.
For a 25-year return interval storm, the surgeatien is estimated at 7.96 ft (+2.43m)
NGVD with a corresponding significant wave heigHt) of 7.35 feet (2.24m), where
Hs corresponds to the average height of the one-thigest waves during the storm
event.
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5.3. Wave Breaking & Surfing Enhancement

For the top-ranked candidate site, SES employadbadimensional Boussinesq wave model to
model the hydrodynamics (waves & currents) over armaind the ASR configuration in detail.
Figure 5.1 illustrates projected breaking wave doorts for average wave conditiodsiring low
tide; comparable figures for high tide and meare tate provided in SES Report (2008),
Appendix B. The extent of breaking waves is esaiptcomparable for all tides for average
wave conditions. However, “surfable” waves are cewpected during low tide conditions when
the water is “very shallow on the crown of the stemsulting in an increase in breaking
intensity” (SES, 2008).

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

Figure 5.2 - Boussinesq model results for Northea§&torm 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 A#iRoe surfable, and will in fact
provide a better break than would naturally ocduha site.
Waves would be expected to at least ‘trip’ on tHeRAapproximately 56% of the time.
However, “tripping” does not necessarily constitateimprovement in surf quality.
Based upon local knowledge of surfing condition8ravard County:

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

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

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

Based upon the above, “the ASR would be expectecraate significantly improved
surfbreak approximately 34 days per year.”

“September is the most likely month for creatingvfimproved break, with January,
October, and December also in contention. Howeagrthe wave height threshold is
increased to 1.0m and 1.25m, only September andb®ctetain 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 tmiwence via “Surfline” and other
internet sites that predict surf conditions baspdnumeasured and predicted weather
conditions,
most likely to draw visitors from outside Brevarduty to the ASR site.
Based upon the above, it is expected that an ASIRdniixely on average (a) somewhatprove
surfing conditions about 204 days per year, andsif@ificantly improve surfing conditions
about 34 days per year in association with swelves (H 2.3’; T>9 seconds). Due to the
uncertainties surrounding potential use of an ASRvisitors to Brevard County, a range of
“improved surf days” should be considered.

5.4. Wave Sheltering

As identified in the SES Report (2008), Appendix3ES examined wave sheltering by the ASR
using maps of “standard deviation of water surfabevation”. Figure 5.4 illustrates “the
character of the shadow zones of the ASR” for remsh storm wave conditions, which most
commonly drive erosion along Brevard County beachéste that relatively little wave
sheltering is predicted by SES for normal wave doos.
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Figure 5.4 — Wave sheltering patterns for northeasstorm conditions

Under northeast storm conditions, Figure 5.4 ingiea 30-40% reduction in the lee of the ASR.
Note that the breaker height distribution is simftar the low and mean tide levels under storm
conditions; however, “at high tide the breaker heidistribution for the storm waves sits well

above the other two tide stages, indicative of ABR losing its effectiveness in tripping waves
and dissipating their energy” (SES, 2008), Apperilix

As for potential wave sheltering at the other cdatd sites at Lori Wilson Park (R-28) and at the
Indialantic Boardwalk (R-122), the basic behavibth®e waves and the wave sheltering effects
of the ASR should mimic that found at R-18 near@oeoa Beach Pier — as shown in Figure 5.4.
Lori Wilson Park should in fact be quantitativehetsame because the site is close (< 2 miles)
from the Cocoa Beach Pier and the wave climatesnaegly identical. At the Indialantic
Boardwalk, the waves are the same period and possssnilar directional distribution relative
to the local shoreline orientation as at the Cddeach Pier, but are significantly larger and with
the same ASR configuration, the structure will téadose some sheltering capabilities at high
tide more often than an identical structure at@oeoa Beach Pier (SES, 2008), Appendix B.

5.5. Rip Currents

SES developed an estimate of mean currents by airaeaging the Boussinesq model output
over a period of 130 seconds. As identified in$iS Report (2008), Appendix B:
Under average wave conditions, strong rip cells raoe generated, regardless of tide
stage.
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Under northeast swell conditions, rip cells appmare likely to occur, particularly at
high tide — as reflected in Figure 5.5.

Due to its close proximity to the Cocoa Beach FRed8), the potential for rip currents at
the candidate site at Lori Wilson Park (R-28) ipented to be similar to that at the
Cocoa Beach Pier. At the Indialantic Boardwalkl@2) however, a greater potential for
stronger, more prevalent rip currents exists dueth® significantly larger waves
experienced here. Fundamentally, the larger wavebea Indialantic Boardwalk will
likely create stronger rip currents as comparedeahop currents that may develop at
either the Cocoa Beach Pier or Lori Wilson Par&ssit

5.6. Extreme Storm Events

SES applied the Boussinesq model to assess thaseffiean extreme storm event — assumed as a
25-year return interval storm. As identified in tBES Report (2008), Appendix B:
Although the ASR is expected to cause “dramati¢upleation to the wave and current
field near the structure, conditions at the shoeeslare somewhat uniform in the
longshore direction. This indicates that the ASRamd-of itself, will provide little
beach protection during an event of this magnitpdeticularly due to the large storm
surge.”
“It is expected however, that a small salient vidim in the lee of the ASR under
typical wave conditions. Under storm conditions thalient will provide some
additional erosion protection as compared to thgh®ring beaches, but the salient
will be a focal point of erosion, and consequemtigved/dispersed in the direction of
the longshore current generated by the storm.”
“In regard to the other candidate sites, duringesre events an ASR located at R-28 is
expected to have much the same impact as at R-HXattly the same ASR design
were to be used at R-122, because it experiengggeibiwaves, a smaller salient is
expected to form under normal wave conditions.”
“During storm conditions with high water levels,etiASR will be less effective at
blocking wave energy, and the salient will be etbdeay rapidly.”
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Figure 5.5 — Current vectors during northeast stormconditions at high tide.

5.7. Longshore Sand Transport Potential

As identified in the SES Report (2008), Appendix B:
Longshore transport is commonly estimated usingdatewing formula
Q = 046rg*?H,"” sina, cosa,
where Q, is the volumetric transport rate {day),

is the mass density of sea water (1020 k§)/ m
g is gravity (9.8 mfA),
Hy, is the significant breaker height (m), and
b IS the angle of incidence at breaking, with resp@shore-normal.
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Based upon the above, longshore transport was dechpu‘With a shore-normal of
10¢, the gross average transport was found to be 32dagn (159,300 yilyear), and
the net average transport was found to be 1%d@ay (84,400 ydyear)to the north.
Although reasonable in magnitude, finding net tpamsto the north is a confounding
result. However, previous studies that used ongh-hesolution directional wave
measurements from an ADCP located in southern Bde€aunty (SES, 2006) found
the same result, i.e. net forcing to the north.fodanately, investigating and resolving
this issue are far beyond the scope and budgeioékploratory feasibility study.”
“Regardless of the actual net longshore transatet, because of the small size of the
ASR and its submerged design, the ASR will havielitong-term impact on the
longshore transport rate. In the short term, theltering effect of the structure will
cause a salient to form, with sand being suppl®@dt tfrom transport from either
direction. However, as the salient reaches matant the fronting beach steepens, the
natural longshore transport rate is re-establisHed also important to understand that
the salient will never reach a true equilibriumcéduese the wave climate continually
changes. The salient will grow during quiescemies, and then be obliterated during
severe storms.”

5.8. Predicted Shoreline Response

ASRA applied empirical methods and models to ptetlie response of the ASR upon littoral
processes and upon the adjacent beaches and sbowiplication of the empirical methods
developed by Ranasinghe et al (2006) is summariz&ection 4.6 of this report. As identified
in the ASRA Report (2008c), Appendix C.3: “The ceptual reef design was positioned 300 m
offshore from MSL which is more than twice the SZoV normal wave conditions (0.5m - 1.0m
high) and still greater than the SZW for 2m highves& The Ranasinghe method predicts that
accretion will occur behind the reef for most waenditions that occur in Brevard County.”
However as identified in Section 4.6 of this repdriring storm events with high waves 8%,
the empirical methods of Ranasinghe et al (200%) mldicate that:
The potential exists for erosion to occur in the ¢¢ the structure when the apex of the
structure is within the ambient surf zone.
Under these storm conditions, the potential inadasrosion attributable to an ASR
could be greater than what would occur withoutAls&R structure.

As identified in the ASRA Report (2008c), Appendix3, based upon empirical metho@s
summarized in Section 4.3):
“The conceptual reef design has an effective aloogslength of 96m and an offshore
distance of 300m which equates to a B/S ratio 82.0A salient with dimensions of
approximately 100 m cross-shore and 800m alongsbqueedicted to form behind the
reef based on the relationships derived by Black.”
“The estimated volume of this salient is betwee®,0@0 nfand 150,000

Note that review of the literature indicates thmre exists no known quantitative data associated
with constructed reefs to verify the empirical nueth employed by ASRA; these methods:
do not reflect the continued erosion of the salesmbbserved at the Narrowneck reef
per the monitoring data cited in the report by R&aet al (2008),
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appear to significantly over estimate the voluméhefsalient expected with an ASR as
is evident in photography included in the reporiBigcka et al (2008).

Also, for a typical wave climate over 365 days,identified in the ASRA Report (2008c),
Appendix C.3:
ASRA applied the “NGENIUS numerical model”, “an Nhe morphological model ...
to predict the along shore sediment transport”.
“Using the normal wave climate described above (@®#s), the NGENIUS model was
applied to the initial planar bathymetry with theef in place. Figure 4.13 in Appendix
C.3 shows the initial and final bathymetry condiso The NGENIUS model predicts a
salient formation in the shadow of the offshoref.rdde estimated volume of this
salient is between 100,008and 120,000t *
“Model 2DBEACH was then used to assess the staholitthe predicted shoreline
change and salient formation. For these model tiiadinal bathymetry predicted by
NGENIUS was used as the initial bathymetry for BRBEACH modeling. A typical
wave climate (365 days) was then introduced tontbeel to assess the morphological
response of the shoreline to the variable waveathm
As shown in Figure 5.6 (from ASRA Report), the festshow that larger wave events
can induce erosion of the salient, however thigufeais expected to return with
smaller wave conditions.”
Note that Figure 5.6 indicates the salient is mtedi to be primarily limited to area in the lee of
the ASR; this prediction by ASRA is generally catent with wave sheltering predictions
results by SES as reflected in Figures 5.1 thrdugh

Uncertainty remains as to the full extent of aesdlithat would accrete in the lee of an ASR.
However, based upon the conceptaaalysis results presented in this section arsation 4.3,
for the purposes of this study, the potential réidacof beach fill requirements to maintain the
North Reach of the Brevard County Shore Proteddmnject, an ASR might:

cause no reduction in fill requirements, or

reduce fill requirements by 3.26c¢y/ft/yr over theent of an 800m (2625’) salient, or

reduce fill requirements by 6.4 cy/ft/yr over tha@ent of an 800 meter salient, or

reduce fill requirements by 7.51 cy/ft/yr over #adent of an 800 meter salient.
Each of the above potential shoreline responsesargidered 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 woaltgtur with construction of an ASR.
A localized reduction of beach fill requirementsultboccur — most likely in the range
of 3.26 cy/ft/yr.
ASRA has contended that the net reduction in bé&alequirements would be on the order of
6.4 cy/ft/lyr (11/4/08 email) to 7.51 cy/ft/yr (Appeix C8 - dated 11/14/08).These values are
considered below to illustrate the effects of thassumptions upon the corresponding benefit-
cost ratio.
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Figure 5.6 — Salient predicted during normal wave @nditions (upper) with response to a
large wave event (mid) and the subsequent rebuildgnof 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 GpudRMO and Walker Dawson of
Coastal Tech, met with Wyatt Werneth Brevard Cosn@cean Rescue Coordinator to review
the SES and ASRA Reports and to (a) assess thatabtenpacts of ASR structures on beach
safety associated with rip currents, sand banksd(bars) and public swimming, and (b) identify
any expected additional costs to provide for pusdifety. The following comments and concerns
were expressed by the Wyatt Werneth:

Rip currents caused by the ASR during large wawn&svmay pose a risk to swimmers

and surfers.

Additional costs associated with a year-round liegl and tower at the ASR location are

estimated at approximately $75,000/year.

Regulations regarding the use of personal watds;r&fteboards, and boats on and

around the ASR would need to be established.

Moored buoys tend to “attract” curious swimmershisTmay pose a risk to swimmers

due to the distance offshore.

He supports the top-ranked candidate site due tienpal for crowd size being reduced;

he does not recommend siting of the ASR at a “ligfiic” 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 orientat® unwarranted at this time.
However, the results provided herein demonstrai@ tihe methods developed,
particularly the application of the Boussinesq mpsleould be useful in optimizing the
design of any surfbreak-enhancing structure.”
“It is also recommended that physical modelingafiblatory scales be used to validate
the numerical models used, as well as verificatith field data wherever possible.”
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5.11. Design & Permitting — Probable Costs

The State of Florida has specific criteria for “Near “Innovative” technologies such as a
potential ASR. Specifically, Florida Statutes ($@ttl61.082) prescribe that:
“The department is directed to periodically reviemnavative technologies for beach
nourishment and, on a limited basis, authorizegubh the permitting process, experimental
projects that are alternatives to traditional deedgd fill projects to determine the most
effective and less costly techniques for beachisborent.”
Regulation of such technology is administered by Eiorida Department of Environmental
Protection (FDEP). An ASR is considered “New Tedbgyg” which FDEP rules [62B-
41.002(30) F.A.C.] define as:
“applied science proposed to solve a specific @asbsion or related problem in Florida,
about which the staff and professional engineedammmunity have insufficient available
information to predict the performance reliabilityr general applications under a range of
anticipated operational conditions and potentiglants to the coastal system.”

As part of a permit application, FDEP rules require
“The project must be supported by adequate scienéhgineering and design theory or
experimental data demonstrating that it has theratl to provide a positive benefit to
the coastal system and is not expected to resatsignificant adverse impact. The size
and scope of the field test shall not exceed teaessary to adequately address the test
plan objective. The requirement for supporting expental data shall be waived by the
Department if it finds that the proposed projecs lminimal potential for adverse
impact.” [(Section 62B-41.0075(1)(d)]
“The applicant shall present a test plan to theddenent for review. Such plan shall
include a periodic monitoring schedule and periqatimgress reporting schedule with, at
a minimum, annual reporting after the test phasginge The periodic reporting shall
include project performance monitoring assessmandssurvey 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 systemnenduirtles, nests and their
habitat, and such other measures as may be reqoiraskess attainment of the
objectives;

(d) The procedures to be followed;

(e) The time sequence,

() The data to be collected;

(9) The test equipment to be used;

(h) The names and technical qualifications of the imlligls performing the tests and
analyzing the results;

(i) Contingency plans; and

() Such other components as may be necessary to afsessmpacts and
performance of the project as determined by theaBspent.” [Section 62B-
41.0075(3)]
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The above provisions dictate that (a) the scientifid engineering elements of the project be
clearly documented in a Design Document and (b)pifugect will be closely monitored for
potential physical and biological impacts.

The USACE’s Planning Guidance Notebook (ER 110®@-dated 22 April 2000) identifies:
“Under current policy, recreation must be incidémiathe formulation process and may
not be more than fifty percent of the total bersefiequired for justification. If the
criterion for participation is met, then all reciiea benefits are included in the benefit to
cost analysis. Costs incurred for other than theatge reduction purpose, i.e. to satisfy
recreation demand, are a 100 percent non-Fedegbmsibility.” [Section 3.4(4)(a)]
USACE intent is “that the most suitable and ecomamremedial measures would be
provided by a periodic nourishment project ... If tNED plan for a shore protection
project includes a combination of structures andriodec nourishment, the
renourishments may be considered continuing coctgdruwhile future costs needed to
operate, maintain, repair, rehabilitate or replieestructural components are considered
operation and maintenance which is a non-Fedespbresibility.” [Section 3.4(7)]
“Non-Federal interests normally pay the incrememwtadt for all desired betterments.”
[Section E21c(1)].

Based upon experience and existing State and He@gnaations, it is expected that State &
Federal cost-sharing will be dependent upon dematist that there are sufficient erosion
control benefits to justify the project. Specifigalit must be demonstrated that the annual cost
of the ASR is less than the annual value of theiced quantity of sand needed (as may be
caused by an ASR) to maintain the Brevard CountleFa@ Shore Protection Project. If it can be
so demonstrated, a USACE Design Document (GDM Adden or comparable) and
Congressional appropriations will be required totaob federal funding; Congressional
authorization may also be required. Federal reqmerdgs should be addressed by the County
with the USACE Jacksonville District — if the Coyrglects to proceed with an ASR.

Based upon experience and judgment, the expeagedteéenents and probable costs to complete
design, permitting and monitoring of an ASR at asfethe top three candidate sites are
summarized below in Table 5.1.

Note that:
A refined and well-documented numerical modelinglgsis is expected to be required
to project the extent of salient formation andé¢fects upon adjacent beaches.
A physical model is expected to be required toneefthe reef shape, demonstrate
desirable wave breaking conditions, and to asses®ceted currents including
potential rip-currents.
A Design Document is expected to be required toudwmmnt the Project Needs,
Objectives, Alternatives analysis, a public benaf$éessment, and clear justification for
the Project.
A Joint Coastal Permitmust be obtained from the U.S. Army Corps of Eegis
(USACE) and the Florida Department of Environme®taltection (FDEP).
After obtaining permits, as an element of the regfliiTest Plan, extensive biological
and physical monitoring will be required for at$e8 years.
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After construction, FDEP rules [Section 62B-41.00(/] require removal of the
structure if “the experiment is determined to beffective in addressing a coastal
erosion problem, or is expected to cause a sigmfiadverse impact”.

Table 5.1 — Probable Design, Permitting & Monitorirg Costs

Probable
Description Cost

Preliminary Design - Numerical Model $100,0p0
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 slad berm or sand-filled-geotextile structures
with ongoing shore protection projects to reducebitimation and/or other costs; however, no
reduction in engineering/permitting costs is apated 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 tlee conceptual design of an ASR structure,
based upon experience, judgment, and prior tasktsegncluding:
the expected construction methodology,
the expected maintenance requirements and strddeyrand
probable initial construction costs and maintenagosts including probable costs
associated with potential enhancements, conflicispacts.

6.2. Alternative Materials

For each (3) candidate sites, the following alte¥maaterials 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.A®R construction of a surfing shoal is
a viable option for protection and nourishment eathes, as well as creating a surf break
whereas "a berm that dissipates energy by wavekinggaan significantly improve surfing
conditions by creating a point break on the abalginge in bathymetry created by the berm"
(Dally & Osieki, 2003). Although nearshore sandakacan be constructed at significantly
less expense than dry beach placement (Dally & KQs&003), a sand shoal cannot be
reasonably ‘groomed’ or graded to meet a desigmpladen Several past projects have
incorporated the use of shallow water sand shaals as Dauphin Island, Alabama in 1987,
Silver Strand State Park in San Diego, Californid 988, Perdido Key, Florida in 1991, and
Newport Beach, California in 1992 (Dally & OsieRD03).

6.2.1.1. Construction Methodology

The construction of a surfing shoal entails the@haent of dredged sand in the nearshore
surf zone via a dredge pipeline or hopper dredgad$night be placed in a single oblong
mound or multiple mounds. Although construction miigemporarily elevate turbidity
levels; the increased turbidity is expected to baimal due to the low fines content
(5.5%) of the Canaveral Shoals sand source availablBrevard County, which is
comparable to the fines content (2.9% to 9.6%hefriative beach sand (USACE, 1996).
A concern with sand placement is the direct busfahatural reef habitat and popular
diving spots such as shipwrecks, or the eventugkration of the shoal material into
sensitive areas (Dally, 2003). However, no natueaf habitat exists in the area of the
candidate ASR sites.

44
November 17, 2008



6.2.1.2. Maintenance

A downside of sand shoals as an atrtificial surfiagf is their ephemeral nature as the
placed sand is expected to slowly spread withinlith@ral system and work its way
onshore to nourish the adjacent beaches — dissiptteir functional life as determined
by their size and the wave climate (Dally, 2008Bhe construction of nearshore berms
has proven to be a cost efficient and beneficigl teadispose of clean dredged material
(Dally, 2003). However, due to their ephemeralurat maintenance costs would be
expensive as the expected design life is approripa@ months to one year (Dally,
2003).

The ephemeral nature of sand shoals leads to thectation that to maintain the shoals
would require reconstruction every year, which @ practical due to the high costs to
mobilize a dredge. It is assumed that sand shoajbtrbe constructed in concert with
beach re-nourishment projects.

6.2.1.3. Cost

The 1987 construction costs of a nearshore beroording to 1989 Coastal Engineering
Technical Note CETN-II-20, were $2.23/cy for a 48lcy berm at Fire Island/Gilgo
Beach, New York (Dally, 2003); assuming an averadj@ation rate of 4%, this would
indicate today’s costs at about $5.10 per cubid.yaklthough the ASR is estimated to
entail a total volume of 30,000cy 23,000m), it is herein assumed that a sand shoal
would require on the order of 90,000 cy to achithe same crest elevation with more
shallow side slopes associated with a submergedl §amal. Based upon the above, the
cost of a sand berm is likely to be on the ordef®®9,000 [$50,000 + (90,000cy X
$5.10/cy)] per construction event as summarizetaiole 6.2.1.

Table 6.2.1 - Sand Shoal ASR Probable Initial Construction Cost

ltem Description Unit Cost Quantity Cost
1 Mob/Demob $50’OOOL 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 commardgd in the construction of nearshore
artificial reefs in Florida to mitigate natural mghore hardbottom buried by beach
nourishment projects. Between 1985 and 2008, liomestreefs have been constructed in
Florida’s Atlantic nearshore coastal waters in eaohstal county from Dade County to
Indian River County. Comparably, on the southwesdst of Florida within the Gulf of
Mexico, limestone reefs have been constructed itliefolLee, Sarasota and Pinellas
Counties. Quarried native limestone rock is trefeared material for mitigation reefs due to
its ability to most closely replicate the biolodicaecruitment associated with natural
nearshore hardbottom.

45
November 17, 2008



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

6.2.2.1. Construction Methodology

The prefabricated mattress and quarried rock wbeldrucked to a staging area where
the mattress and rock would be loaded onto bargesrdnsport to the reef area. The
mattress would most likely be placed via crane. fHieic can also be pre-attached to the
marine mattress with additional steps to ensurpgaroverlap of fabric as the mattresses
are placed (Hughes, 2006). Boulders could be glastng hopper barges where the
bottom opens up and the load of boulders is depleyeonce (Lukens & Selberg, 2004).
However, greater construction accuracy and cormaol be achieved by single boulder
placement through the use of a crane, backhoe omt fend loader. Single boulder
placement methods resulted in tight and well cdletlioplacements of boulders, as
observed by Coastal Tech, in concert with the 1888 of Venice - Mitigation Reef
construction (Coastal Tech, 1998).

6.2.2.2. Maintenance

Articulated mats and quarry rock are very densablstand durable materials; it is
unlikely that the mattress or rock would signifidlgndeteriorate. However, prior
experience with rock-rubble-mound structures suggdmt the rock may settle or might
migrate off the reef site outside the design faatpduring extreme wave conditions.
Therefore, maintenance is expected to require plaoe 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 bagsmhuhe contract unit price for the

recent 2008 limestone reef constructed in Venitmjda ($124.80 per ton). According to

estimates from 2006, the cost of an articulatednesst is approximately $15 per square
foot (Bodge, 2008b); based upon an assumed 4% imflaate, today’s unit costs are

more likely at $17 per square foot. With a mat fdation, 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 $50,000L.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 ratifecgad reef material in both marine and
estuarine environments” (Lukens & Selberg, 200Qoncrete is very durable and stable
material for marine reef construction. Concretefsemay be constructed from units
specifically fabricated for artificial reefs, orofn concrete rubble such as culverts or razed
buildings, bridges, sidewalks, and roadways (Luk&nSelberg, 2004). As a measure to
deter settlement, the use of an articulated comengittress foundation is appropriate.

6.2.3.1. Construction Methodology

Deployment of concrete materials for reef constauncis similar to that of limestone
boulders using hopper barges or by single boulderement via a crane, backhoe, or
front end loader. As a measure to deter settlemtet,use of articulated concrete
mattresses is appropriate.

6.2.3.2. Maintenance

Due to the durable and stable nature of concreteriaf there is little maintenance
expected. Previous investigations have found tHa&ised on the 32 to 34 year
performance observations....all concrete exhibitduigh level of durability in seawater
exposure” (Lukens & Selberg, 2004).

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

6.2.3.3. Cost

The use of concrete rubble in an artificial reefakatively inexpensive as the concrete
rubble material is typically donated. Costs aremarily associated with transport and
placement of the concrete materials. Based upais émsa 1997 concrete rubble reef for
the City of Venice — adjusted for inflation, theopable costs for construction of a
concrete rubble reef are summarized in Table 6.2.3.

Table 6.2.3 - Concrete Rubble ASR frobable Initial Construction Cost

ltem Description Unit Cost Quantity Cost
1 Mob/Demob $35,000 LS 1 $35,000
2 Mattress $17.00 /sf| 80,00&f | $1,360,00d
3 Concrete Rubble $37 /tar60,750 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 conjunctionhwibodular concrete units in order to
create hardbottom habitat; an example of this neeib@n Palm Beach County where smaller
pieces of limestone rock were cemented to the sairéd modular concrete units with the
limestone embedded concrete units at 8 feet widethfget long and 1 foot deep (Lukens &
Selberg, 2004). Comparable units are under coradida by Brevard County to mitigate

potential hardbottom impacts surrounding the predddid-Reach Beach restoration Project

(Bodge, 2008b).

For the purposes of this Study, it is assumed ¢batrete units — without rock — would be
used to build the core of the ASR and limestoneezidbd 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 smabditmne rock is placed into the surface
of the concrete to bond to the concrete. The curéts 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,aiatenance is expected.

6.2.4.3. Cost

Per discussion with Kevin Bodge of Olsen & AssasafBodge 2008b), the total cost of
the limestone embedded units - based on 2006 dstmas about $1.6 million per acre
or about $4,700 per unit- including materials, latend equipment costs. Without the
embedded limestone, concrete units are estimatedstoabout $1.4 million per acre or
about $4,100 per unit (Bodge 2008b). The probaldst of an ASR comprised of
concrete units — with limestone in the surface layes 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 Conirr?itti'core $4.100 /unit| 5,390 units| $22,099,00Q
3 Confjrrfit;'ro‘:k $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 saretifijeotextile containers. “Geotextiles
are a family of synthetic materials including pdier and polypropylene that are formed into
flexible, permeable, and durable sheet fabricsstast to tension and tear. Large containers
are pre-fabricated and then filled with sand terfdhe reef structure. Softrock™ 1200R and
1209RP have been successfully used for the comistnuaf multi-purpose artificial reefs in
Australia and New Zealand. The geotextile bags wasjze from 50m x 7.2m x 3.2m (filled)
to 15m x 1.5m x 1.0m (filled). When filled with shithese bags weigh between 100 — 300
tons and are very stable in any wave climate” (ASR®@08b). “It is common for the material
to become overgrown with marine life in a very ghone after being installed in the coastal
environment” (ASRA, 2008b).

“A foundation constructed of a layer of high-stringtructural geotextile fabric should be
placed on the seabed over the entire reef footprims layer of base reinforcement will act
to span localized settlements and zones of weakdftion, by spreading the weight more
evenly over the seafloor. Using a structural getieeas basal reinforcement is a commonly
used technigue and has the added benefits that help to improve the overall stability of
the structure by resisting lateral spreading ofréed units, will improve the bearing capacity
of the foundation soil and decrease the risk dadtrobal slip failures. The geomat is fixed to
the webbing” below the sand-filled-containers ptmdeployment. (ASRA, 2008b).

“There are a variety of sand sources availabletlier construction of the Brevard County
MPASR. It is recommended that the sand be delivaretiplaced on the seabed adjacent to
the reef site prior to reef construction. This saacement could be coordinated with any
future beach nourishment operations that Brevardn@omay undertake as part of their
Federal Shore Protection project” (ASRA, 2008b)s lanticipated that extra fill would need
to be placed to accommodate (a) losses due toihgnathd (b) the need to leave a 2 foot
buffer over less-than-desirable in-situ bottom seits as is commonly required by FDEP
permits; the additional costs of this extra fileamot included in cost estimates provided
below.

6.2.5.1. Construction Methodology

To meet desired construction tolerances and miminunsts, “ASR Limited (New
Zealand) developed and patented the R.A.D. (Rapiclrate Deployment) method for
submerged reef construction. This method has bemcessfully employed in the
construction of the Mount Maunganui, Opunake andddmbe reefs. ASR America
recommends that the R.A.D. method be used to aastne Brevard County MPASR
(ASRA, 2008b).

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

2. Underlying webbing made from customized matsrial assembled to form the
framework for the reef bags. This webbing is staked on shore at a site
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convenient to the reef construction location. Argabis attached to the bottom of
the webbing to prevent bag settlement into theesdab

w

. The empty geotextile bags are secured to thddwgbThe webbing/bag assembly
is folded up and placed onto a barge using a crane.

N

. Prior to bag deployment, anchors are positiamethe seabed at precise locations
using RTK GPS survey techniques.

5. The webbing/bag assembly is transported to ¢leé site via the barge during a
calm weather window.

6. Leader lines from the webbing are fed through ghabed anchors and the entire
assembly is winched to the seabed.

\‘

. The geotextile bags are filled with sand in plasing a barge mounted submersible
pump which extracts sand from a seabed source thofiee reef site” (ASRA,
2008b).

6.2.5.2. Maintenance

“Physical modeling tests of geotextile containeabdity under a range of wave
conditions were undertaken at the University of rigydin 1998. Tests were performed
on SFC’s equivalent to the Softrock™ 1200R contairtescribed previously (120-300
Tons). These tests showed that sand-filled bag&esiaupon each other would remain in
position even after a prolonged period of extrengh lsea conditions (Couriel et al.,
1998). Part of the reason for the good stabilitgarid-filled geotextile containers can be
attributed to the bags allowing water to move tiglothem and the use of marine sands
to fill them. Concrete and some types of rock, \WHiave air trapped within their mass,
experience a dramatic weight loss once they areeglanderwater due to the effects of
buoyancy (concrete weighs approximately half iied weight underwater). Water will
enter the permeable geotextile bags and fill angisswithin the sand thereby preventing
any buoyancy caused by entrapped air. The stabilitye units under wave action is also
ensured due to the large weight of each individiaitainer and the friction between
adjacent units. The stability of SFC’s was confidran the Gold Coast in April 2001,
when a 1 in 50 year wave event hit the coast (eyclBose). Comparison of bathymetric
surveys of the Narrowneck Reef 1 week before andegk after the event failed to
identify any structural changes. In March 2004,thepextreme wave event, with waves
peaking at 14 m high, occurred on the Gold Coathomt damaging the Narrowneck
Reef” (ASRA, 2008b — Appendix C3).

“The design life of the geotextile containers mawtfired from Softrock™ is 25 years.
However, in situations where the materials are gmted from UV light (i.e. when
underwater) the design life is estimated to be ntbam 40 years. The thick growth of
marine life which covers the reef bags immediatdtgr deployment may significantly
extend the life of the reef. The extra layer of imargrowth will help protect the reef
from ultraviolet radiation and damage from debmgpact. Small tears or punctures in the
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geotextile containers may be repaired by a diventesing patches and attaching
hardware specifically designed for the purpose”RAS2008b - — Appendix C3).

Based upon the above, the only maintenance thattnbig expected to be required is
repair of “tears or punctures”. As identified metASRA November 14, 2008 Response
(Appendix C8), “maintenance of the reef may be megudue to damage inflicted by
human interaction and extreme weather events.’dastified in ASRA’s November 14,
2008 cost-benefit Analysis (Appendix C8), an ABIRJht reasonably be expected to
require maintenance at 5 year intervals afterain@onstruction at a cost of about 5% of
the initial construction cost.

6.2.5.3 Cost

“Actual design and construction costs cannot beirately determined until a detailed
design study has been performed. The intent ofdbiseptual design and rough order
cost estimate is to provide Brevard County withr@ald overview of the project scope
and order of magnitude costs which they may usa hasis for comparison” (ASRA,

2008b). Cost data for other reefs (from ASRA, 2§)08re provided in Table 6.2.5.1
below.

Table 6.2.5.1 — Cost Data for other Geotextile Sarflled Container Reefs
Note: Data from ASRA, 2008b; costs for the BoscerReef are estimated.

Years Total

Reef Constructed | Location Volume Unit Cost Cost
lea\l/lIJ?]Lé]r:atnui 20052008 | o0 (2?3%% ?j/) (ﬁg%//?y) $L1M

Opunake | 2006-2008 Zg'ael‘;"n ; (‘égg% ':j/) (22122//@) $1 M
Boscombe coﬁgtrﬁecied England (11?%(())(())(()) r(fiy) (332’:;2//@) $4.4M

Based upon the above and a range of values id=htiff ASRA, the probable cost for a
Brevard County ASR is estimated at about $5.6 amiliquivalent to an overall unit cost
of $188 per cubic yard for a 30,000 cy reef — amrsarized in Table 6.2.5.2.

| Total: | $5,650,000
Table 6.2.5.2 - Geotextile Sand Filled Container AS—

Probable Initial Construction Cost

ltem Description Unit Cost Quantity Cost
1 Mob/Demob | $1,200,000L.S 1 $1,200,000
2 Geotextile Bags $66.67/cy | 30,000 cy | $2,000,00(
Sand Fill &
3 Bag Deploymen $81.67 /cy | 30,000 cy | $2,450,00(
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6.3. Summary & Discussion

Table 6.3.1 summarizes the results of the asses$sofigorobable costs for alternative ASR
materials. Although a “sand mound” ASR would enth& lowest initial cost; the sand mound
would be temporary (1 to 2 years) and would not provide long-term shine stabilization or
enhancement of surfing. Although an ASR might bestmcted of limestone and/or concrete,
these materials are herein considered potentiahgerous to surfers due to the rigid structure
and shallow ASR crest conditions needed to enhanckng; in addition these materials are
difficult or impossible to place to control the ASRRape and achieve optimum wave conditions.
Based upon these considerations, an ASR comprigedeotextile-sand-filled-containers
(“sandbags”) is herein recommended for further itlgtaeconomic analysis in Section 8 of this
report.

Table 6.3.1 - Summary of Probable Costs

Expected
Probable Maintenance
Materials Construction Cost Life Requirements
6 months re-construction with
Sand $509,000 each beach
to 1 year . .
nourishment project
i )
Limestone $8,497.500 50+ years replace 20%of rock
Rock every 5 years
Concrete L replace 20% of
Rubble $3,642,750 S0+ years concrete every 5 years
Limestone
Embedded g
Concrete $26,557,600 50+ years N/A
Units
Geotextile
Sand L repair "tears and
Containersg
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7.0 Environmental Assessment

7.1. General

This Environmental Assessment (Section 7) was peepay CSA International Inc. (CSA).
The goal of this section is to briefly review andikeiate construction-related impacts, ecological
and recreational benefits, and mitigation poteragaociated with various materials proposed for
the artificial surfing reef. A complete list of erEnces for this environmental assessment is at the
end of this section.

Artificial reefs are commonly constructed in therma environment in order to
enhance fisheries production;
provide recreational opportunities;
provide compensatory mitigation for damaged or dégd habitat;
aid in shoreline protection; and
enhance water quality.

Artificial reefs aid fishery production and recrieail opportunities worldwide by enhancing
habitat or creating fish attracting devices thavseommercial, recreational, or diving interests
(Seaman and Sprague, 1991; Claro and Garcia-Artd®$®; Ditton et al., 2002). Atrtificial
reefs have been deployed to provide compensatdrgation for direct damage to reefs or other
hard bottom habitats by man-induced factors, inalgigoower plant discharges in California
(Ambrose, 1994; Reed et al., 2006), dredge andpfitiects in Florida (Cummings, 1994;
Continental Shelf Associates, Inc., 2005,2006; Hearet al., 2006), and ship groundings in
southern Florida (Miller, 2002). Atrtificial struates have been used extensively in Europe and
other coastal areas to protect eroded shorelinasc{Bocchi and Airoldi, 2003; Airoldi et al.,
2005). Although not one of the most common readonsconstructing artificial reefs, the
improvement of water quality in areas where aggdrega of filter-feeding organisms have
colonized the artificial reefs is an ancillary bgn@Miller, 2002).

A relatively new application of artificial reefs itoastal waters is to improve wave breaks for
surfing (Burgess et al., 2003). Despite the primgwal of this application, marine organisms
will colonize such reefs and form assemblages ddipgnon the materials used, orientation to
the shoreline, relief, water depth, geographictioca and a host of other environmental factors.
As part of a larger effort investigating the fedgp of constructing an artificial surfing reef
(ASR) in Brevard County, Florida, answers were $oug the following five environmental
guestions:
1. What environmental impacts are associated witlvéin®us construction methods?
2. To what degree can ASR alternatives provide eco@bdienefit in terms of substrate, fish
habitat, etc. and associated recreational (fiskmgkeling) opportunities?
3. How can ASRs be refined to maximize ecological fies®e
4. To what extent can various types of ASR structuresconsidered as mitigation for
nearshore rock/reef impacts?
5. In what conditions, if any, could an ASR be peradttoffshore of the Mid-Reach,
considering the presence of nearshore rock/reaefuress and that mitigation credit
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would be offset by mitigation required for rocksried in the ASR footprint and
subsequent formation?

These questions can be consolidated into a broaeéer that includes construction-related
impacts (Question 1), ecological and recreatiorlelits (Questions 2 and 3), and mitigation
potential (Questions 4 and 5). The following texkidresses 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 deployrmeone 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 mapgge to transport sand to the
reef site. Hopper barges attending vessels aratiassd pipelines have the potential to
impact the seafloor in and around the project ardaxpected impacts from these

operations include temporarily elevated turbiditgnfi propeller wash and temporary
noise, waste discharges, and air emissions frorwtiiking vessels and cranes. Potential
accidents, such as grounding a work vessel oniregikird bottom or a fuel spill, should

also be considered. Carefully prepared Work Pdarasclose monitoring of local weather

conditions will greatly reduce the chance for aeoidl impacts. Working safely by sea
would depend on local conditions and, particulattg frequency and duration of ground
swells common in Brevard County.

The primary direct impact associated with constamcof a sand berm ASR would be the
coverage of the seafloor by the reef's areal faatpimpacts would be considered much
greater if this area were to encompass exposedbwtdm rather than unconsolidated
sand. For the current application, the site selegtrocess (see Section 3 of this report)
eliminated from consideration stretches of the Righch (Florida Department of
Environmental Protection [FDEP] Monuments R-75 talE8) where exposed hard
bottom consistently occurs. Consequently, theleaafmpacts will be limited to a sand
bottom area equal in size (planar area) to thengld ASR. Placement of sand as an ASR
will result in unavoidable elimination of infaunayuch as annelid (polychaete) worms,
bivalves, gastropods, echinoids, and many othet-darelling invertebrates. Turbidity,
both acute and chronic, will occur if the sand mataised has a sizeable fine fraction.
In addition, there could be spreading or diffusodrthe sand to surrounding areas.
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7.2.1.2. Ecological and Recreational Benefits

Over time as sand-dwelling organisms colonize #relderm feature, ecological benefits
will include the attraction of soft bottom fishesdamotile invertebrates. These species
would be expected to utilize the feature as a togagc orientation point and feeding
area. Infaunal assemblages would be expectedrip alang the profile of the sand
feature and this will affect the distribution ofliies and invertebrates. Fishes such as
Florida pompano, sand drum, southern flounderdredh, and Gulf whiting would most
likely forage around the sand berm. The attractbrsoft bottom fishes will in turn
attract fishers seeking these and other speciestiens would potentially fish from shore,
kayaks, or boats.

7.2.1.3. Mitigation Potential

An ASR constructed as a sand berm would not proguiéable 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 (1mz in diameter) and articulatettresses could be brought to the
proposed site on barges and placed on the seaflitbr cranes. Geotextile fabric
followed by articulated mattresses would be plafiest to prevent subsidence of the
boulders. Deployment activities using barges amashes would be subject to the same
potential impacts discussed above in Section 7A.2.3pecifically, the direct impact
associated with construction of an ASR will be togerage of the seafloor by the reef’s
areal footprint. Consequently, the seafloor impaatsbe limited to a sand bottom area
equal in size (planar area) to the planned ASRirAdghe infaunal assemblage occupying
the reef area would be lost to the local ecosystefme presence of the high-relief
structure created by the limestone boulders andiflsence on water flow may affect
sediment grain size distribution and organic maatmrumulation around the ASR. This
may cause a corresponding change in infaunal asagesbadjacent to the structures
(Davis et al., 1982; Ambrose and Anderson, 1990j Egal., 2002).

7.2.2.2. Ecological and Recreational Benefits

Unlike a sand berm feature, limestone bouldersigeokiard, complex structures that will
readily attract fishes and invertebrates. A drawbaidimestone boulders is that they do
not replicate the structural complexity of natumard bottom features. It is important to
realize that, in some cases, perceived benefitartificial reefs actually conflict with
particular project goals. For example, a potentlatrimental effect on local fish
populations could occur if fishes are drawn fromr@unding natural hard bottom areas
and concentrated around the ASR, making them molrerable to fishing. This is a
standard argument of the negative effects of aidifireef deployments (Bohnsack,
1989).

Shore- or vessel-based anglers would likely fisbuad the ASR, depending on
individual access. Fishers operating from shorald/be limited to fishing over portions
of the reef within casting or wading range. Somsbdrs may use small, self-deployed
watercrafts such as kayaks or surfboards to reaelfeoutside of the surf zone. Access
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by fishers operating from larger boats will be kiedai to calm days with no ground swell

or wind-generated waves or by the size of theisekesThe distance to the nearest inlet
(Canaveral) is considerable and would limit the bamof days that small vessels would
be able travel to the site.

Divers (primarily snorkelers) would utilize the pased ASR; but, because of the
generally poor visibility during much of the yeamost divers would likely be
spearfishers less concerned about water claritysggit-seeing, instead using the guise
of murky water as way to more closely approachrtlggiarry when hunting (e.g.,
sheepshead, flounder, and gray snapper). Givemoppate conditions during the
summer months, water clarity would be adequatesfght-seeing by snorkelers and
possibly SCUBA divers. Similar to fishers, divenoould be limited by mode of
operation, accessibility, and sea conditions.

7.2.2.3. Mitigation Potential

The proposed ASR could be considered as mitigdbonmpacts to natural nearshore
hard bottom — but only if it can be demonstrateat thertain key ecological functions of
the natural hard bottom lost due to other shorgbregection projects could be restored
by these features. Ecological functions are attebof structured habitats that benefit
algae, invertebrates, fishes, and marine turtlésunctions include cover, substrate,
nesting sites, and feeding sites. These habitattitns benefit many individual taxa
(Continental Shelf Associates, Inc. et al., 2008 important function of the Mid-Reach
nearshore hard bottom is that it is a foraging &oeguvenile marine turtles (Holloway-
Adkins and Provancha, 2005; Holloway-Adkins et 2000). These young turtles feed
on macroalgae, particularly rhodophytes (red algha) grow on the nearshore hard
bottom. A number of economically important fishesgs find cover and feeding
opportunities on the natural nearshore hard botisrwell. Another species that inhabits
nearshore hard bottom of the Mid-Reach is the estirigroakerBairdiella sanctaeluciag
listed by both the National Marine Fisheries Sexv(tlIMFS) and Fish and Wildlife
Service (FWS) as a species of special concern.miWock forms broad colonies on hard
substrate in nearshore waters and can be a dommamber of the sessile assemblage.
Worm rock increases habitat complexity and surfaea and provides additional shelter
for a diverse assemblage of decapod crustaceams gbal., 1978).

FDEP’s perspective on artificial reefs as being lagically beneficial would be
predicated on how well the ASR replicates basidaggoal functions provided by natural
hard bottom. Limestone boulders will restore maggl@gical functions provided by
natural hard bottom and have been used in othed battom mitigation projects
(Continental Shelf Associates, 2006; Prekel et 2007).Within the current regulatory
climate, it is highly unlikely that the entire ASRotprint would be considered
mitigation. However, by scoring potential ecolodi¢anctions restored by the ASR
within the mandated Uniform Mitigation Assessmenethvbd (UMAM) in accordance
with Chapter 62-345 Florida Administrative Codemsocredit could be accrued towards
the ultimate mitigation ratio/requirements. In ard® do so, the reef should be
constructed of hard substrata, be in the vicinityhe Mid-Reach, be placed in shallow
water depths, and be away from existing natural battom.
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7.2.3. Concrete Rubble

7.2.3.1. Construction-related Impacts

Articulated concrete mats could be used to undextid stabilize the concrete rubble.
Impacts of deployment will be nearly identical tim$e described in Section 7.2.20t
limestone boulders.

7.2.3.2. Ecological and Recreational Benefits

Ecological and recreational benefits from a comcretbble ASR would be similar to
those described above for Limestone boulders (@edti2.2.2). Concrete rubble will
provide some topographic complexity attractiveishiés and motile invertebrates, but as
with limestone boulders, it does not accurately mithe structure of the natural hard
bottom. Also, attached organisms such as algaesasdile invertebrates may react
differentially to bare concrete. Many fish andasgwill colonize concrete surfaces and
certainly worm rock will attach to it.

7.2.3.3. Mitigation Potential

Concrete rubble will provide structural complexégd hard surfaces that will, to some
extent, replicate natural nearshore hard bottom rastbre key ecological functions.
Concrete rubble has been used in some mitigatigolicagions (Continental Shelf

Associates, Inc., 2006), but currently limestonailders and modules consisting of
limestone embedded in concrete are preferred. gstitn potential of concrete rubble
will be similar but less than that discussed aldovdimestone 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 wotdd involve barge and crane
operations similar to those described for limestboalders. The construction-related
impacts would, therefore, be very similar to thdsscribed in Section 7.2.2.1.

7.2.4.2. Ecological and Recreational Benefits

Limestone embedded concrete units would supportivarse assemblage of algae,
invertebrates, fishes, and marine turtles. The gntagmal kinds and numbers of species
would be similar to that described for limestonelders. The relief and structure of reefs
would provide recreational opportunities for fish@nd divers. These structures have an
advantage over limestone boulders and concretdeublihat more complexity can be
achieved by varying the size and nature of the ead@ limestone. Continental Shelf
Associates Inc. et al., 2006 describe concretewating mats embedded with native
coquina limestone rock designed specifically foe tid-Reach. These mats can be
stacked along their margins to create natural logplkedges and overhangs.

7.2.4.3. Mitigation Potential

Although currently any hard shoreline defense oastal erosion structure is not
permitted to serve directly as mitigation for angnsequent losses of hard bottom,
concrete embedded with limestone would provide xaeleent material for mitigating
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impacts to hard bottom. As mentioned Section 732 &ructures of limestone embedded
in concrete may also contribute to UMAM calculagon

7.2.5. Geotextile Sand Filled Containers

7.2.5.1. Construction-related Impacts

The approach for constructing Geotextile sanddild®ntainers is referred to as Rapid
Accurate Deployment (RAD) technique — developedABRA. An environmental issue
with this approach will be the pumping of sand framearby source. An inshore source
of suitable sand, with characteristics (grain simd sorting) similar to native beach sand
will be required to prevent chronically elevatedbidity in the project area. As with
other hard materials, Geotextile sand filled carges will impact the basic footprint of
the reef area eliminating all infauna and motileeinebrates. Additional effects on the
surrounding sediments may occur but the given thhgh henergy environment,
accumulation of detritus and organic matter woiwdchlghly variable. Because this is the
only approach that involves some operations from Ibieach, there is potential for
impacts to nesting shorebirds and marine turtld2reliminary surveys of proposed
deployment sites and utilization of temporal windowhen 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 dakmh by algae, sessile invertebrates,
and fishes; but, the species composition and rghrd the resulting assemblage will
likely differ from that of an ASR built with hard aterial. Burgess et al. (2003)

documented a diverse assemblage of fishes and afg@eiated with Narrowneck Reef
in Australia.

7.2.5.3. Mitigation Potential

Because Geotextile containers filled with sand ailpport algae and fishes they may be
suitable in part as mitigation for hard bottom irojga As mentioned in Section 7.2.2.3
for limestone boulders, these structures coulchberporated into UMAM calculations to
garner credit for some portion of the mitigatiomezage.
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7.3. Conclusions

In summary, the five material types consideredbioifding an ASR along the Brevard County
beaches vary with respect to construction-relategacts, ecological and recreational benefits,
and potential for mitigation. Expected construstielated impacts would be very similar for
each option with respect to the seafloor area vewgithe reef. The RAD method of installing
the Geotextile containers is the only option tinabives operations from shore, so steps must be
taken to avoid interactions with shorebird andléurtesting. In addition, the RAD approach
involves pumping sand from an area near the deptoyrite; clearly the sand from this site
would have to meet standard specifications (e.rpingsize and sorting) to prevent excess
turbidity.

Expected ecological and recreational benefits wangng the different material types. Sand will
provide the fewest ecological and recreational bene A sand berm would support infaunal
assemblages that would provide feeding opportunitie fishes such as Florida pompano, but
the overall fish diversity would likely be low ovére soft substrate. The other materials provide
relief and structural complexity that will enhantlee attractiveness to fishes and motile
invertebrates. Limestone boulders, concrete rykdote limestone embedded in concrete will
provide hard surfaces for the attachment of algakegpibiota, which in turn will provide food
for fishes and marine turtles. Although it is urnam the extent to which Geotextile sand filled
containers will provide substrate for local motied sessile invertebrate species, these structures
will likely attract a variety of fishes and algaASRs constructed from any of the materials will
provide some level of fishing opportunities for &cesidents. Snorkeling and diving will be
limited to the structured habitat types expectetdaicher in fish and invertebrate species than
the sand berm option.

Substantive mitigation potential is limited to tiestone boulders and limestone embedded in
concrete. Of these, the limestone embedded inretnwould be the best choice because of the
ability to create natural looking (and functioningfjuctures. These are the only material types
currently used to construct mitigation reefs inrf€la.
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8.0 Benefit & Cost Analysis

8.1. General

It is desirable to assess benefits and costs adsdcwith an ASR to determine whether
construction of an ASR is economically justifiecag®d upon experience and existing State and
Federal regulations as generally outlined in Sactd 1 of this Report, the annual cost of the
ASR (cost) should be less thdlne annual value of the reduced quantity of saeeldad to
maintain the Brevard County Federal Shore Proteddmject (benefit) after construction of an
ASR. In this section, costs and erosion controkfiehare addressed herein by Coastal Tech for
an ASR comprised of sand-filled-geotextile-contasner “sandbags” in a configuration — as
recommended by ASR America. Recreational benefésaddressed in detail by Praecipio EFS
(PEFS) in Appendix A. The following describes thethods used herein by Coastal Tech to
assess benefits and costs:

Annual Erosion Control Benefitare estimated based upon the estimated reduction i

beach fill potentially attributable to an ASR —

o The first year value of this “fill reduction” bentfs estimated, for example, as

$82,788/yr = 3.26c¢y/ft/yr * 2,625ft * $9.68/cy.
The benefit value in future years is assumed teease based upon inflation (4%).
The present value of the sum of future benefitdestified.
The present value is then amortized oveRh@gect Lifeof 25 years at 4% to yield
an annual benefit.
Annual Recreational Benefitre estimated by amortizing the present valuesokbts
estimated by PEFS over tReoject Lifeof 25 years.
Annual Costsare estimated over the 25 yé&apject Life brought to present value then
amortized over theroject Lifeof 25 years.
The B/C ratios determined as the sum of annual benefits divieannual costs.

(ol elNe]

Uncertainty exists relative to the extent that: &a) ASR might reduce the future beach fill
requirements to maintain the USACE Shore ProtedBimject, (b) whether Surfing events will
occur, and (c) the number of days that surfing tm@ymproved by an ASR sufficient to attract
additional surfers to Brevard County beaches. Bmge of potential benefits described below
reflects these uncertainties. For each benefitesatre provided below to illustrate calculations
associated with various potential assumptions. Adpe D provides tables for calculations
associated with all considered scenarios based vgoous combinations of assumptions related
to these uncertainties.

8.2. Erosion Control Benefits

As cited in Section 5.8, relative to the potenteduction of beach fill requirements to maintain
the North Reach of the Brevard County Shore Primtedroject, an ASR could feasibly:
cause no net reduction in fill requirements, or
reduce fill requirements by 3.26c¢y/ft/yr over theaent of an 800m (2625’) salient, or
reduce fill requirements by 6.40 cy/ft/yr over #adent of an 800m salient, or
reduce fill requirements by 7.51 cy/ft/yr over #adent of an 800m salient.
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“No net reduction” would most likely occur as theduced erosion along the ASR salient also
reduces the amount of sand that is transportedwendrift beaches resulting in an equivalent
increase in the erosion of the downdrift beachesistent with the principle of “conservation of
mass”. Although these downdrift effects may notdigcernable on the downdrift beaches, to
effectively reduce fill requirements, it must bes@siedthat any fill reduction attributable to an
ASR would be without any adverse impact to surrangpdoeaches. A fill reduction of
3.26c¢y/ft/lyr is considered the likely best casensc® by Coastal Tech. The potential fill
reduction values of 6.40 to 7.51 cy/ft/yr, as respely suggested and identified by ASRA, are
considered unreasonable and “unlikely to occurClmastal Tech.

It is herein assumed that an ASR might be consduct 2010. According to Mike McGarry of
Brevard County (McGarry 2008), the County most ntdge(in 2005) paid $6.45 per cubic yard
for nourishment of the beach along the County’srtNdReach”; it is conservatively assumed
that current unit prices would increase in 2016@6&6 above this 2005 value to a value of $9.68
per cubic yard. Table 8.1 summarizes the estimiatkeo2010 benefit at $82,788 attributable to
“erosion control” as might be attributable to anRA®ith a reduction in fill requirements at
3.26¢y/ft/yr. As summarized for Scenario 3 in Tableof Appendix D, after the benefit value in
subsequent years is estimated, brought to preséme,vand amortized over tiRroject Life of

25 years at 4%, the annual erosion control beisefistimated at $132,486.

Table 8.1 Summary of ASR Annual Erosion Control Bepfits
2010 Erosion Control Benefit
volumetric loss rate 3.26 cyl/ft/yr

length of shoreline 2,624.8 feet
_____annual volume loss prevented 8,557 cylyr |
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 redmal benefits attributable to potential
increased recreational use of candidate ASRs asndieied by PEFS under separate contract
with the County. PEFS conducted telephone surveweng user groups and stakeholders
(including the Space Coast Tourism Development €ibuRon Jon Surf Shop, Cocoa Beach
Surf Company and other interested parties) to asses
(a) the value of use (“willingness to pay”) per visdrfsurfing, fishing, swimming, and
snorkeling associated with (i) existing conditi@mal (ii) with an ASR;
(b) the value that can be reasonably captured by egistnhfrastructure or likely
changes/investments in additional events or infuasire.
(c) the increased number of users (surfing, snorkelng, sport fishing) that would use the
Brevard County area with ASRs;
(d) the potential local economic benefits associateth wmajor eventssuch as Surfing
Tournaments (e.g., Ron Jon Easter Surf FestivalthadSebastian Inlet Pro Surfing
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Contest or additional events) - with and withoutRsSand the level of local interest in
developing additional events for surfers given pred enhanced conditions; and

(e) what physical attributes of an ASR (e.g., perforaeanpredictability, location) are
necessary for generating additional events or iieivto attract more surfers to develop
net economic revenue for public and/or privatergges.

Based upon the results of the above, PEFS estintaenlverall recreational benefits associated
with construction of ASRs and identified those Waggsemost likely to be captured by the
current economy including the number of additiovialtors to the Brevard County area, their
length of stay and associated increased annuatspehy this group based on previous studies
of tourism in the Brevard County area by PMG Asatas, Inc completed in 2002.

For the purposes of this Study, PEFS estimategtésent value of benefits accrued over 25
years associated with construction of an ASR attdperanked candidate site near the Cocoa
Beach Pier (R17 — R19) associated with (a) incabasereational use at 34 days per year of
improved surfing sufficient to attract visitors,thvout and with (b) Surf Contests or “Events” -
as summarized in Tables 8.2a and 8.2b.

Table 8.2a Summary of Recreation Benefits — withoUEvents
Recreation Benefits
present value of Recreation Benefits$918,709

present value of Event Benefits $0
____present value of recreation & event benefit$918,709
interest rate 4.0%

annual recreation benefit $58,808

Table 8.2b Summary of Recreation Benefits — with Eants
Recreation Benefits

_____________ present value of Recreation Benefits$918,709

present value of Event Benefit$1,679,494

___present value of recreation & event benefi§2,598,203

interest rate 4.0%
annual recreation benefit $166,316

As cited in Appendix B, “waves would be expectedtdeast ‘trip’ on the ASR approximately
56% of the time. However, it is noted that trippimipes not necessarily constitute an
improvement in surf quality, nor in frequency-ofeacrence, as compared to the natural
surfbreak”. The estimate of “56% of the time” capends to about 204 days per year. Per the
wave analysis performed by SES (Appendix B), “th&RAwould be expected to create
significantly improved surfbreak approximately 3dyd per year.” ASRA (Appendix C) has
asserted that recreational benefits associatedswittng on the reef should be based upon 204
days per year. In response to ASRA’s assertiorihatrequest of Coastal Tech, PEFS also
estimated recreational benefits at a present vafug5,554,731 associated with the potential
assumption of 204 days per year of improved surfiras identified by Dr. Michael Slotkin of
PEFS (via 10/30 email).
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Note that:
Recreation Benefitare associated with increased visitation to tlea aurrounding the
potential ASR by surfers drawn to the ASR. Theseebts might be considered in the
context of economic justification by the USACE iansideration of federal funding
for an ASR as a potentially beneficial featurelod Brevard County Shore Protection
Project.
Event Benefitsare associated with a “major surf contest” or camaple event that
might be developed to draw visitors to the area sthdulate commercial economic
activity.
The present value of benefits, as estimated by PE&S been amortized by Coastal
Tech over a maximurRroject Lifeof 25 years to yield the value of expected annual
benefits.

8.4. Probable Costs

Table 8.3 summarizes the probable costs assoamtledin ASR including design, engineering,
permitting, construction, maintenance on a 5-y@&erval as identified by ASRA (Appendix
C8), monitoring, and the increased cost associati¢id providing a lifeguard to reasonably
ensure public safety over an assumed 25-year Rrbjr — amortized to identify probable
annual costs. The probable costs for a “sand-filgebtextile structure” (comprised of
“sandbags”) are identified in Table 8.3 are asliesn proposed by ASR America.

Note that, as the basis of this analysis as reftect Table 8.2, it is conservatively assurtieat:
No costs for alteration or removal of the structare included — under FDEP rules for
“‘innovative” or “experimental” projects, FDEP caequire alteration or removal of the
structure.
No adverse impacts to adjacent beaches will ocaartd expected sand trapped by the
ASR; this assumption is inconsistent with basicstalaengineering principles associated
with “conservation of mass” where, as identifiedASRA in Appendix C, “the sand that
forms the salient comes from the whole beach system
Monitoring will only be required by FDEP for a pedi of 3 years; FDEP can require
indefinite monitoring of the structure.

8.5. Benefit/Cost Analysis

Table 8.4 summarizes the benefits, costs, and ienst ratio concluded by this Study to
correspond to the likely best case scendhiat is expected to occur with the conservative
assumptions cited in section 8.4 dhd following assumptions:
The ASR may reduce beach fill requirements to nasnthe North Reach of the
Brevard County Shore Protection Project by 3.2@Gy/fover the extent of an 800m
(2625") salient - equivalent to 8,557cy per yedued at $82,788 per year.
No surfing events are likely due to the distandstafre and the inability of judges or
observers to see surfing action on the ASR.
The number of improved surfing days is expectegdadays 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 Perrf;‘itting Costs Costs Costs Worth

0.1 2009| $460,000| | . |.._..___|.....__...$460,000
(120100 ] $5,650,000 ___ $75000| | ... $5,504,808
2i2011| | [ $78000 $175000 $233,913
342012y o ].......%8L,120 $175000] $227,690
(412018 o ].......%84,36% $175000] $221,706
52014 o .%87739 o |......$72115
(620150 ] $282500 $91249) .. $295,379
72016 994899 | .. .$72115
812017y . .%9869% | . ...$72115
902018 $102648 | _......$72115
0520190 $106,748 [ .. _...$72115
A1:20200 | L. $343,704  $111018 | ... $295,379
1202021 $115459 __[.......$72115
1312022 || $12007y | $72115
1412023 ol $l2488L | ... 872115
A5:2024) . $129876  ___[.......$72115
1642025 | $418169  $135071 | ... $295,379
Ari 20260 $140474 | .....872115
A8 2027 $146,098 | ... $72115
1902028 | $151936 | .. ..$72115
2002029 ol $158.014 [ .. ...$72115
2112030 | $508,767  $164334) | ... $295,379
222031 . $170908 | ... $72,115
232032 | $i777a | . 872115
2432083 sleagod | .....8$72115
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 Cosl

$579,667

B/C Ratio

0.33

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

the reduction in beach fill maintenance requirers@ver a 800m salient,
whether Surfing Events will occur, and
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the number of days for which surfing conditions Vdoloe improved by an ASR.

Appendix D includes tables summarizing calculatiassociated with all considered scenarios

based

upon various combinations of assumptiontectkta these uncertainties.

Table 8.5 — Benefit Cost Ratio for alternative Assmptions

Effective
Reduction
in
Erosion :
Rate at ! Improved :
Salient | Surfing | Surfing Erosion B/C
Scenario| (cy/ftlyr) | Events |  Days Benefits/Cost| Ratio | Comments by Coastal Tech
1 0 No 34 0.0% 0.10 potential worst case
2 0 Yes | 34 0.0% 0.2g 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% 0'5}'2 same as Scenario 3 with unlikely
. T Surfing Events
i 5 = Scenario 4 with unlikely, but
| 0, ’
5 3.26 Yes ; 204 22.9% 1'0‘;3 highest number of Improved Surfing Days
5 . = Scenario 5 with but No Events & unlike y
I 0,
6 6.40 No | 204 44.9% 1'0(:5 higher Effective Reduction in Erosion
E 0 + unlikely - but best scenario under
7 7.51 No | 204 52.7% 1.1z:1 USACE criteria
8 7.51 Yes 204 52.7% 1.32:3 unlikely - but best oNex@nario
Notes: 1. All scenarios assume:
(a) maintenance of the ASR will be reqdijrend
(b) a salient over 800 meters (2,625 fekghoreline will have improved stability in theel of the ASR.
2. The "Effective Reduction in Erosion Rate ali&ht" is relative to the USACE Shore Protectionjéct;
Scenarios 1and 2 assume a downdrift effedttn® net reduction.

Based
iS not

upon the above, it is Coastal Tech’s prajaasiopinion that an ASR for Brevard County
economically justified and is not expectedqualify for state or federal cost-sharing.

Note that:

Surfing Event benefits are not expected to be ei@ehefits under USACE criteria.
Additional recreation benefits and any additionatotm damage reduction benefits”
constitute a “Betterment” of the federal USACE Shérotection Project for which the
County would “pay the incremental cost” of an ASiRd Section 5.11).

If the County elects to pursue an ASR, at besgrf@dand state cost-sharing is expected
to be limited in proportion to the percentage ofd'&ion Benefits/Costs” as cited in Table
8.5 above — if the USACE accepts erosion benafggreater than 50%.

Other local tourism and associated marketing benefiight be realized with the
construction of an ASR — beyond those benefits ipalty addressed in this report.
Such other benefits are not expected to providaseshor cost-sharing in an ASR by the
USACE or FDEP.
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