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Executive Summary 
In 2019, the Florida Department of Environmental Protection’s Florida Coastal Management Program 

(FCMP) and the National Oceanic and Atmospheric Administration (NOAA) awarded The Town of 

Melbourne Beach a grant to research case studies of three similar coastal communities utilizing green 

infrastructure and deduce how the Town could improve stormwater management, improve water quality, 

and provide recreational/aesthetic amenities through such approaches in light of future climate 

conditions such as sea level rise. The grant funding also provided the opportunity to engage stakeholders 

for input on utilization of infrastructure types and sites to implement that infrastructure. This also allowed 

the Town and staff from East Central Florida Regional Planning Council to create a Green Infrastructure 

Adaptation Plan. Between August 2019 and April 2020 Town Staff, along with staff from the East Central 

Florida Regional Planning Council and Florida Institute of Technology worked, with the community to fulfill 

the following project goals:  

• Case Study Research: Examination of three coastal communities that have developed green 

infrastructure projects, plans, and/or implementation.  An analysis of these communities will 

inform Melbourne Beach’s direction and strategies.  

• Public Engagement:  Engage the community and stakeholders for case study development, 

identification of sites in the Town for green infrastructure techniques, and any recommendations, 

constraints, and potential solutions.   

• Green Infrastructure Adaptation Plan:  Create a plan for potential projects, project locations, 

renderings, strategies, potential constraints, and next steps that the Town can implement.  

This document provides the following: case study analysis of three communities; the process and findings 

from the public engagement activities; green infrastructure and low impact development techniques to 

be considered by the Town for implementation; and site specific plans for locations within the Town limits 

that illustrate green infrastructure techniques that Town staff can advance.  

 

 

 

 

 

 

 

Figure 1: Dune on the Ocean in Melbourne Beach 
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Background 
Communities across Florida are encountering a multitude of increasing 

flood hazards, especially low-lying coastal communities.  The Town of 

Melbourne Beach, Florida located in Brevard County, is a barrier 

island with water bodies on two sides.  The Town is situated on the 

Atlantic Ocean to the east and the Indian River Lagoon to the west, 

which makes flooding a historic problem for the residents and Town.  

Hazards that impact the Town include storm surge, sea level rise, and 

coastal flooding that pose risks to critical facilities, community assets, 

local and regional economics, and the health and welfare of residents. 

The Town is approximately 1.4 square miles (United States Census 

Bureau) with a population of 3,101 (2017 American Community Survey).  

The Town’s main commercial area and Town-owned properties are 

located along Ocean Avenue aka S.R. A1A that runs along the Town’s 

entire east to west area.  S.R. A1A serves as a connecter from the south 

unincorporated Brevard County and to the north where the Town of 

Indialantic lies.  The nearest causeway to the mainland is U.S. 192 

approximately a half mile north of Melbourne Beach.   

 

Project Goals 
The overarching goal of this Green Infrastructure Adaptation Plan is to address flooding concerns through 

proactive implementation of green infrastructure to augment the current stormwater system, improve 

water quality, and provide bike and pedestrian amenities.  

Between August 2019 and April 2020, Town Staff, along with staff from East Central Florida Regional 

Planning Council worked together with the community to fulfill the following project goals: 

• Case Study Research: Examination of three coastal communities that have developed green 

infrastructure projects, plans, and/or implementation.  An analysis of these communities will 

inform Melbourne Beach’s needs.  

• Public Engagement:  Engage the community and stakeholders for case study development, 

identification of sites in the Town for green infrastructure techniques, and any recommendations, 

constraints, and potential solutions.   

• Green Infrastructure Adaptation Plan:  Create a plan for recommendations for potential projects, 

project locations, renderings, strategies, potential constraints, and next steps that the Town can 

implement.  

 

 

 

 

Figure 2: Map displaying Brevard County 
and Melbourne Beach Location in FL 
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Melbourne Beach Vulnerability Assessment 
The Town of Melbourne Beach was awarded a grant from FDEP to assist in the preparation for 

comprehensive plan amendments to the Coastal Management Element for the Melbourne Beach 

Comprehensive Plan and the Evaluation and Appraisal Report (EAR). This report was completed in 

February of 2019 and can be found at https://www.perilofflood.net/melbournebeach.  In order to 

accomplish this, maps, data, and analysis were provided identifying at-risk coastal areas that currently 

experience, or have historically experienced flooding and coastal inundation.  Within these areas, public 

and private resources that are at risk of being inundated were identified.  This resiliency study is in 

response to Senate Bill 1094, state legislation passed in 2015 that directed coastal cities to address 

climate-related vulnerabilities. The law requires coastal local governments in the state of Florida to 

include a ‘peril of flood’ component within the “Coastal” element of their Comprehensive Plans. The 

“Coastal” portion of the Comprehensive Plan is meant to address how to eliminate inappropriate and 

unsafe development in coastal areas. Data and maps developed as part of this study were incorporated 

into the Town of Melbourne Beach’s “Coastal” element in order to fulfill this state requirement.  

As a part of the Vulnerability Assessment, two public meetings were held to solicit input from 

residents.  The first meeting was educational and asked residents what actions they thought were needed 

in Melbourne Beach to address resiliency.  The second public meeting brought more specific information 

about the Town’s vulnerabilities identified in the analysis for the residents to react to and make 

comments.  Both meetings included presentations from area experts and posters of findings that the 

residents could write on to identify flooding sites or add any of their opinions.  The third component of 

the public outreach was a MetroQuest on-line survey where residents that sought more commentary from 

the public about the identified vulnerabilities from the analysis and any actions that could address those 

vulnerabilities.  

After existing vulnerabilities were noted, an assessment of future impacts due to sea level rise was 

conducted and maps were developed showing storm surge areas and areas subject to sea level rise and 

flooding.  Impacts to roadways and Town facilities are shown in these analyses including the demographic 

composition and parcel analysis.  The vulnerability analysis assessed the economic and functional 

exposures posed to Melbourne Beach from five identified hazards; storm surge, flooding. Sea level rise, 

nuisance flooding, and the combined effects of sea level rise and storm surge.  The years 2040, 2027 and 

2100 were studied.  Below is a graph with the projections used, which include the National Oceanographic 

and Atmospheric Administration (NOAA) and US Army Corps of Engineers (USACE) and represents the 

Mean Higher High-Water Conditions. 

 

 

 

 

 

 

 

Figure 3: Regional Approach to Sea Level Rise Projections 

https://www.perilofflood.net/melbournebeach
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Vulnerability Summary 
Overall, the Town of Melbourne Beach has a relatively low exposure of critical facilities to natural hazards, 

as compared to more urbanized areas.  The dunes along the ocean protect the Town from impacts from 

the ocean and, while rising waters from the lagoon will impact residents in the long term, critical facilities 

will not experience impacts until after the 2070 timeframe.  Impacts to critical facilities in Melbourne 

Beach are not immediate from sea level rise or nuisance flooding.  The tipping point for storm surge would 

occur from a Category 4 hurricane, which theoretically occur at any time.  While a Category 3 hurricane 

will inundate several residences and streets on the north and south sides of Town adjacent to the lagoon, 

it is not until a Category 4 hurricane that critical facilities are impacted. 

The benefit of having a Vulnerability Assessment completed before the Green Infrastructure Adaptation 

Plan is primarily the level of information available as a starting point.  The Vulnerability Assessment 

provides a basis of information since the vulnerabilities to the Town are analyzed and known by Town 

staff and ECFRPC. The current and future areas that are vulnerable can benefit from green infrastructure 

and low impact development actions that will lessen the vulnerability from sea level rise and hurricane 

impacts in the Town of Melbourne Beach.   
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Figure 4: Map from Vulnerability Assessment, Storm Surge Zones & Critical Facilities 



 

8 
 

Planning Process 

Case Study Research 

Case Study 1 - Bethany Beach, Delaware 

Community Overview 
Bethany Beach, DE is a small coastal Town of ±1.2 square miles lying directly on the Atlantic Ocean, just 

south of Rehoboth Bay.  According to 2017 data from the U.S. Census, this tourism-centered seasonal 

resort Town has a year-round population of 1,202, which swells to more than 15,000 persons in the 

summer (Wikipedia, 2019). 

Green Infrastructure Planning and Improvements 
The Town of Bethany Beach sits directly on the Atlantic Ocean with little to no barrier to protect from 

flooding and erosion.  Despite a $20,000,000 beach renourishment project in 2008 and 2009, subsequent 

hits from Tropical Storm Ida in 2009 and other major storms in 2015 and 2016 decimated the Town’s 

dunes.  With the exception of its beach dunes, the majority of the Town’s elevation is near sea level.  Past 

beach erosion and the destruction of coastal dunes led to serious flooding problems.  Traditionally, this 

flood water has been captured in two (2) places: The Loop Canal and the Assawoman Canal.  Due to these 

accumulating factors, the Town could not rely only on beach renourishment or sand dune strengthening 

as the sole solution to flooding.   

In 2019, the Town became a part of a multi-jurisdiction project led by infrastructure engineering firm 

AEOCM, which culminated in the creation of a report, Coastal Delaware Best Management Practices 

(BMP) Guide 2019- A Resilient Communities Partnership Project.  The Town has implemented several 

projects recommended from this study to deal with stormwater issues.  Among these projects are: 

repaving 12 blocks of major roadway with permeable pavement to help with the absorption of 

stormwater; the purchase and preservation of a wetland area to store and clean stormwater runoff while 

providing wildlife habitat; and the creation of a multi-acre open space park on land donated to the Town, 

which purpose is to provide passive recreation facilities in conjunction with bio-retention and rain garden 

areas.  The bio-retention and rain gardens become aesthetic features augmenting other open space 

amenities, including a gently rolling terrain, walking paths, plenty of shades trees, and a gazebo.  This open 

space will not only help deal with sea-level rise flooding, but will serve as green space with additional 

benefits like reducing the heat within the Town. (Interview/Questionnaire, Assistant Town Manager). 

Lessons for Town of Melbourne Beach 
Although the Town of Melbourne Beach lacks the amount of open space of Bethany Beach due to being 

nearly built-out, the examples from this case study could be adapted to Melbourne Beach in a way that is 

most beneficial.  For example, demonstration projects within Ryckman Park and other Town-owned 

properties to create more recreational amenities. Ryckman Park, with its central location and heavy usage, 

could demonstrate how green infrastructure not only deals with handling stormwater, but augments the 

park’s aesthetic amenities. 

 

Case Study 2 - North Kingston, Rhode Island 

Community Overview 
The Town of North Kingstown, RI is a coastal jurisdiction in Washington County, RI.  It is located on 

Narragansett Bay and Wickford Cove to the east and Block Island Sound to the south.  The Town has an 
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area of ±58.3 square miles, of which ±14.7 square miles is water (Wikipedia, 2020).  According to the U.S. 

Census Bureau (2015 American Community Survey), the Town has a population of 22,538 persons.  

Due to its days as a mill Town and its proximity to post-World War II military bases, North Kingstown and 

its surrounding area have always had an economy highly dependent on water-based uses.  However, with 

sea level rise, this economic engine is being threatened in North Kingstown.  One prime example is the 

parking lot serving the historic Wickford Village, a very popular mixed-use retail and residential area that 

comprises a primary part of the Town’s economy.  However, this parking lot is located on the waterfront, 

and has become highly susceptible to flooding from Wickford Cove, a smaller harbor directly adjacent to 

Narragansett Bay.   The effective lack of parking due to flooding has had an impact on the businesses of 

Wickford Village.   

Green Infrastructure Planning and Improvements 
In 2015, following earlier studies on sea-level rise and its impacts, the Town partnered with the University 

of Rhode Island, Rhode Island Sea Grant (RISG), and the Green Infrastructure and Resilient Infrastructure 

Program (GRIP) to determine how green infrastructure could be used to make the Town more resilient to 

the impacts of sea-level rise.  The project started with a walking tour of Wickford Village with over 50 

business owners and residents.  This activity led to the focus on creating a better connection between the 

village and the adjoining waterfront.   More specifically, the goal was to apply green infrastructure 

improvements to the municipal parking lot to make it less susceptible to flooding and as a way of using 

the parking lot to better connect the waterfront and the village.  A Site Plan was created to incrementally 

improve the parking lot through green infrastructure engineering improvements as Town finances allow.  

Among green infrastructure  approaches advocated include adding permeable pavers and drainage strips 

between the pedestrian way currently existing between the water and the parking lot; creation of 

bioretention / rain gardens in current low area of parking lot; introduction of tree wells to raise elevations 

along the pedestrian way; increased green/park area between the Wickford Cove and the parking lot; and 

the use of green roofs or rain barrels to reduce runoff from buildings adjoining the parking lot (GRIP, 

2018).   The Town has since received a $204,400 grant, matched with $87,600 in Town matching funds, to 

begin on the ground work on green infrastructure improvements (Town Planner interview). 

Lessons for Town of Melbourne Beach 
The Town of Melbourne Beach has followed in the direction of North Kingstown, RI by engaging Town 

residents in how to best upgrade Town infrastructure with green engineering practices to best deal with 

sea-level rise.  The examples cited for the Wickford Village municipal parking lot may be applicable to 

Melbourne Beach’s parking lot adjacent to the ocean. The Town can also emulate North Kingstown’s 

example by creating a Master Plan, and then incrementally execute small green infrastructure projects 

within the Plan as finances become available. 

 

Case Study 3 – Punta Gorda, Florida 

Community Overview  
The City of Punta Gorda, FL is a small coastal Town located in Charlotte County, FL at confluence of the 

Peace River and Charlotte Harbor.  The northeast side of the City is on the Peace River, while the northwest 

and western sides of the city are on Charlotte Harbor.  Charlotte Harbor enters the Gulf of Mexico to the 

southwest of Punta Gorda at Boca Grande Pass.  According to 2019 data from the U.S. Census Bureau 

(American Community Survey, 2019), Punta Gorda has an estimated population of ±19,123 persons.  The 
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city has an area of ±21 square miles, of which ±15 square miles are dry land (Wikipedia, 2020).  The City’s 

economy was historically based upon the railroad, the phosphate industry, and fishing.  Today, the 

railroad and phosphate have less of an impact on the Town, but fishing (mostly recreational, but some 

commercial), ecotourism, and the service industry serving local retirees are the center of the City’s 

economy.  Since the 1950’s, subdivision development in the western area of the community catering to 

wealthy retirees has transformed land that was previously at or below sea level to residential land built 

on fill from the dredging of canals providing the home sites access to the Peace River and Charlotte Harbor. 

Green Infrastructure Planning and Improvements 
In 2004, Punta Gorda took a direct hit from Hurricane Charley, a Category 4 storm, as it entered Charlotte 

Harbor and traveled up the Florida peninsula along the Peace River.  Although the main impacts from this 

storm were mainly due to wind damage, the storm focused the City’s attention on sea-level rise and 

sustainability.  Hurricane Charley and its destruction were the genesis for the creation of the 2009 Climate 

Change Adaptation Plan (Plan), prepared in conjunction with the Southwest Florida Regional Planning 

Council (SWFRPC) and the Charlotte Harbor National Estuary Program.  This document identified seven 

(7) main areas of concentration essential for a sustainable Punta Gorda.  These included: fish and wildlife 

habitat degradation; water supply; flooding; unmanaged growth; water quality; education/the economy; 

and fires (City of Punta Gorda, FL, 2020). 

Since the adaptation of the Plan, the City concentrated on public works projects implementing the goals 

of the Plan.  These projects include: 

• relocation of Public Works facility inland to a less flood-prone area; 

• adoption of a fertilizer ordinance with standards stricter than the State that has decreased levels 
of nutrients in the canal system since implementation; 

• buyout of properties with recurring flood damage for use as passive public spaces; 

• construction of a new Emergency Management Center to higher standards after destruction of 
the previous one by Hurricane Charley; 

•  improvements to local building codes that mandate higher base flood elevations for the lowest 
floors of buildings; 

• use of pervious pavement on roads and sidewalks; 

• increase of sea grass acreage from 247 acres to 391 acres;  

• reducing tidal flooding with upgrades to the City’s stormwater management system, including 
installing tidal flex valves in historic downtown. 

 

Lessons for Town of Melbourne Beach 
The Town of Melbourne Beach can learn from the projects accomplished by the City of Punta Gorda.  

Particularly, the use of pervious pavement for roads and sidewalks; stricter construction standards and 

use of increased base flood elevation for the lowest floor of structures; and a buyout program converting 

properties with structures with repetitive flood claims into passive public spaces, particularly with green 

drainage features. 

 

Please visit the project page https://www.perilofflood.net/melbournebeach for the full Case Study 

Report. 

https://www.perilofflood.net/melbournebeach
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Stakeholder Engagement 
The Town of Melbourne Beach engaged the public throughout the “Opportunities for Green 

Infrastructure” project process. Outreach included two meetings, a Stakeholder Workshop with a walking 

tour, and a Public Meeting.  Both meetings utilized social media and the Town’s website to advertise the 

meetings.  Additionally, a newspaper article was printed for the Public Meeting to invite locals.  The 

meetings were both held at the Town’s Community Center. 

The first workshop was the Stakeholder Workshop that took place on December 5, 2019 and included 

personnel from Florida Department of Transportation (FDOT), Town of Indialantic, Space Coast 

Transportation Planning Organization (SCTPO), Florida Department of Environmental Protection (FDEP), 

The University of Florida Institute of Food and Agricultural Sciences (UF/IFAS) Brevard Extension, Brevard 

County, Florida Department of Economic Opportunity (FDEO), Indian River Lagoon (IRL) Council, St. John’s 

River Water Management District (SJRWMD) , and Marine Resources Council (MRC).  The workshop 

included an educational presentation about the FDEP grant awarded to the Town and the tasks associated 

with the grant, case study research discussion, and a walking tour of potential sites for green 

infrastructure.  

The walking tour included Ocean Avenue, the historic parking lot on Ocean Avenue that is owned by the 

church, the beach parking lot, Sunset Boulevard, Riverside Drive and other neighborhood streets.   The 

information, strategies and project ideas garnered from the stakeholders and other professionals, 

including Town personnel, was very insightful and help guide the recommendations in this report.   

The second meeting was the Public Workshop that took place on March 10, 2020.  The meeting included 

a presentation of the project, the draft case studies, and a poster display of potential sites, green 

infrastructure techniques, and renderings for residents to comment.  Renderings for improvements to 

three areas were discussed: the Beach Parking Lot, Ocean Avenue, and Sunset Boulevard.  Residents had 

the opportunity to comment on any identified potential sites and propose any additional sites too.  

Figure 5: Stakeholder Walking Tour Route 
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Summary/Conclusion: 
After the Stakeholder Meeting Walking Tour, there were several sites identified that would be appropriate 

for green infrastructure actions or demonstrations.  Discussion and notes from the Stakeholder Workshop 

helped guide the draft renderings for the Public Workshop.  At the Public Workshop, staff received 

additional ideas for previously identified sites and other potential sites in the Town that could benefit 

from green infrastructure techniques. The outlined sites, recommendations, and obstacles/constraints, 

identified through this process informed the final site ideas and plan.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Please visit the project page https://www.perilofflood.net/melbournebeach for the full Stakeholder 

Engagement Report. 

 

 

 

Figure 6: Stakeholder Walking Tour Group in Beach Parking Lot 

https://www.perilofflood.net/melbournebeach
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Green Infrastructure and Low Impact Development  
Green infrastructure is a cost effective, resilient approach to managing wet weather impact that provides 

many community benefits.  It focuses on low impact development techniques that emphases conservation 

and use of on-site natural features to protect water quality and manages stormwater effectively.  Low 

Impact Development (LID) is a term used to describe a land planning and engineering design approach to 

managing stormwater runoff.  LID emphasizes conservation and use of on-site natural features to protect 

water quality.  This approach implements engineered small-scale hydrologic controls to replicate the pre-

development hydrologic regime of watersheds through infiltrating, filtering, storage, evaporating and 

detaining runoff close to its source.  It is also characterized as a type of smart growth that simultaneously 

conserves green space and manages stormwater effectively.  Unlike traditional land use designs, LID 

promotes natural stormwater management techniques that minimize runoff and help prevent pollutants 

from getting into the runoff.  In some cases, these practices decrease the size of traditional retention and 

detention basins and can be less costly than conventional stormwater control mechanisms.   

In Melbourne Beach, green infrastructure and low impact development are best applied to retrofitting 

and improving existing developments since the Town is mostly built-out. Many of the areas identified for 

green infrastructure are impacted by pollutants that are often generated by residents and visitors.  

Residents take care of their homes with chemical such as fertilizers, pesticides and other household 

products that can negatively impact the waterways that make Melbourne Beach such a great place to live.  

Residents and visitors use automobiles that can leak, drip and exude fumes.  Pollutants from vehicle and 

residents are often untreated before flowing into nearby water bodies.  These can include: 

• Motor Oil – Many cars have minimal or significant oil leaks that occur when the vehicle is turned 
off and is stationary. 

• Grease– Car grease is used to lubricate and protect gears and other mechanical parts of vehicles 
and cannot be absorbed by parking lot surfaces. 

• Gasoline – Polycyclic aromatic hydrocarbons (PAHs) are found in combustion byproduct of 
gasoline and also in the tar-based sealants used to pave or protect parking lots. 

• Heavy Metals– These metals accumulate from car batteries and airborne fumes. 

• Sediment– Sediment is a natural material found on parking lot surfaces that become broken down 
by weathering and erosion. 

• Fertilizers and Pesticides – These are toxic materials used in landscaping and gardening services, 
in and around businesses and residential properties and carried in by vehicle tires and rainwater. 

• Trash – Parking lots are often full of trash, carried in from both inconsiderate parking lot users 
and from natural weather occurrences, such as high winds and heavy rains. 

 

The following strategies are options intended to address specific needs identified in Melbourne Beach.  

Each location has its specific issues that can be addressed through various items on the list of green 

infrastructure options. 
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Green Infrastructure and LID Matrix 
 

 Strategy Description Estimated Cost 

1 

 
 

Permeable Pavement & Green Parking 

 

Permeable pavement allows 
rainwater to be treated and absorbed 

on-site, reducing the load on a 
jurisdiction’s stormwater system. 

This is a very prominent feature of 
low impact development. 

$10 - $15 per sq. ft. 

2 

 

Source: Cilisos 

Rain Gardens, Down Spouts & Harvesting 

 

These three strategies work 
cohesively to treat water on site. 

Downspouts ($50) funnel rainwater 
that fall on a structure’s roof into rain 
gardens (prices vary) or barrels ($70) 

on the building’s exterior. This 
strategy is highly feasible where rain 

water is plentiful. Rain gardens 
absorb nutrients and pollutants prior 
to release of water into larger water 
bodies like the Indian River Lagoon. 

$3-4 per sq. ft. 
(residential) 

 $10 - $40 per sq. ft. 
(commercial) 

3 

 
 

Trees for Stormwater Retention 

 

Trees can hold rainwater on their 
leaves and branches.  The root 

systems keep the soil penetrable, 
allowing rainwater to easily infiltrate 
it into the ground, absorb it through 

root systems and evapotranspire it to 
the atmosphere. They can be used in 

conjunction with engineered soils 
and other types of green 

infrastructure and work best when 
they’re mature (and so are not a 

quick fix to stormwater issues).  It 
does speak to the need to keep trees 
throughout the development process 

whenever possible. 

$250/each 
saves 169-449 
gallons/year 

Source: UF IFAS 
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4 

 
Green Streets (Bio-Retention) 

Green streets combine bio-retention, 
swales, planters and other green 

features with the elements of 
complete streets to enhance 
aesthetics and on-site water 
retention. Green streets also 

commonly include bicycle and 
pedestrian infrastructure that 

improves safety.  

$44 per sq. ft. of managed 
impervious area  

5 

 
Cistern 

 

Cisterns are storage tanks for rainfall 
that has been collected from a roof 

or some other catchment area. 
Although usually located 

underground, cisterns may be placed 
at ground level or on elevated stands 
either outdoors or within buildings. 

Rain barrels can be utilized as a 
smaller scale storage solution ($70). 

Water can be used for any non-
consumptive use like landscaping. 

$500-$10,000/ each 
(dependent on size) 

6 

 
 

Lagoon Friendly Yards 

 

These yards minimize pollution 
through active filtering of rainwater, 
reduce stormwater runoff, minimize 

nutrient inputs, restore the 
ecosystem, and beautify the 

landscape. These can be 
implemented individually or through 

tools such as fertilizer/ yard 
ordinances.   

$1.30 - $4.50 per sq. ft. 

Source: Florida House Institute 
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7 

 
Bio-Swale 

 

Bio-swales are landscape features 
that capture and infiltrate runoff and 
can also remove its pollutants. They 

are depressed catchment areas 
planted with vegetation, similar to a 

rain garden, and are usually used 
along transportation corridors or 

parking lots. 

$3-$10 per cu. ft. 

8 

 
Green / Eco-roof Systems 

 

Green / Eco-roofs are either partially 
or 

completely planted with vegetation 
growing in soil (or a growing 

medium) to hold rainwater.  These 
systems can significantly reduce the 
rate and quantity of runoff from a 

roof and provide buildings with 
thermal insulation and improved 

aesthetics. 

$8-$25 per sq. ft. 

9 

 
 

Living Shorelines 
 

A vegetated shoreline that utilizes 
local plants with the purpose of 
dissipating erosive wave energy, 
filtering out toxins from water 
draining into the lagoon and 
supporting coastal marine 

ecosystems. Many types of living 
shorelines exist, including salt 

marshes, mangroves, oyster reefs, 
and other vegetative systems that 
utilize robust local species.  Often 

times, a mix of strategies are used. 
These low-cost systems provide an 

alternative to seawalls and work best 
in low-wake zones.  

$1.30 - $4.50 per sq. ft. 
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Source:  City of Portland, OR 

Source:  Boston Magazine 
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10 

 
Habitat Restoration 

 

Restoration of dunes, wetlands and 
marshlands can improve water 

quality and the health of ecosystems, 
provide recreational and 

philanthropic opportunities, and 
buffer property from water velocity 

and erosion. Groups such as the 
Surfrider Foundation volunteer to do 

this kind of work in other locations 
around the State of Florida. 

Variable, depending on 
habitat and area. 

Volunteers 
recommended. 

11 

 
Passive Recreation (Pedestrian Walk/Bike 

Trail) 

 

A passive recreation area is generally 
an undeveloped space or 

environmentally sensitive area that 
requires minimal development.  It 

offers constructive, restorative, and 
pleasurable human benefits and 

fosters appreciation and 
understanding of open space and its 

purpose.  

$200,000 - $500,000/mile 

12 

 
Curb less or Curb Cut 
Parking/Lanes/Islands 

 

Curb cuts are openings created in a 
curb to allow stormwater from an 
impervious surface, such as roads, 
parking lots, or hardscape areas, to 

flow into a lower landscaped storage 
and infiltration area and eventually 

an overflow drain. No curb allows for 
even more free flow of stormwater. 

Dependent on Concrete 
Company. Example: If you 
are doing two 2-foot curb 
cuts, the price is $450, or 
$225 per cut. From there, 
the price goes up by $100 
for each additional curb 
cut at the same location. 
(three curb cuts at one 

location would be $550, 
or $183.33 per cut). 

Source: City of Conover 

Source: Surfrider Foundation 
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13 

 
Subsurface Retention Facilities 

 

Typically constructed below parking 
lots (either permeable or impervious) 

and can be built to any depth to 
retain, filter, infiltrate, and alter the 

runoff volume and timing. Subsurface 
facilities can provide a considerable 

amount of runoff storage. 

Costs are typically higher 
than conventional paving 
systems; however, they 
help reduce the overall 

storm water 
infrastructure costs 

because the land required 
for stormwater ponds is 

reduced. 

14 

 
Native Landscaping 

Native landscaping (also known as 
conservation landscaping) is the use 

of native plant species that can 
tolerate the drought and flooding 

cycles of an area. Native plants are 
those that evolved in a particular 

area and are adapted to local climate 
conditions.  With native landscaping 
there is less need for irrigation and 
use of pesticides, which contributes 

to water conservation and 
improvement of water quality.  

Native landscaping also supports 
native wildlife. 

$3,400-$5,975 per acre 

Source: Cahill Associates, Inc. 

Source: Florida Native Plant Society 
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9fcd452fd4a1.filesusr.com/ugd/4c4fbd_3d83a09d28074717bbd6fd75c9925900.pdf. 

Guillette, Anne. “Low Impact Development Technologies” WBDG, 11 Mar. 2016, 

www.wbdg.org/resources/low-impact-development-technologies. 

Lancaster, Brad. “Curb-Cut & Curb-Core Costs.” Rainwater Harvesting for Drylands and Beyond, 

www.harvestingrainwater.com/street-runoff-harvesting/curb-cut-curb-core-costs/. 

Milwaukee Metropolitan Sewerage District. Fresh Coast Green Solutions: Weaving Milwaukee's Green & 

Grey Infrastructure for a Sustainable Future. 2013, 

www.mmsd.com/application/files/8514/8779/6598/SustainBookletweb1209.pdf. 

“Understanding Active & Passive Recreational Uses – Part 1.” City MTB, 

www.citymtb.org/home/understanding-active-passive-recreational-uses-part-1. 
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Sites for Green Infrastructure 
The following sites were chosen for implementation of green infrastructure and low impact development 

in order to improve water quality, stormwater management, and recreational amenities.  The Town of 

Melbourne Beach is not limited to improvement only on these sites; however, they were chosen as the 

most optimal spaces based on case study research, stakeholder input, and Town and ECFRPC staff 

discussion for further in-depth analysis.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Sites for Green Infrastructure Opportunities in Melbourne Beach 
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1) Beach Parking Lot on Ocean Ave/A1A 
The beach parking lot at the corner of Ocean Avenue and A1A is one of the major public parking lots for 

residents and visitors to access the beach near downtown.  The lot is about 0.6 acres and ranges from 15 

feet above sea level near the entrance to 14 feet above sea level toward the north end of the 

lot.  Immediately to the west is the parking lot for the Town’s primary strip shopping center, which is 

separated from the beach parking lot by a 12-foot-wide green strip with knee high posts to prevent cars 

from crossing between the lots.   

Figure 8: Beach Parking Lot with Standing Water 

Issue 

This heavily used parking lot experiences flooding during rain events and standing water that does not 

drain well in several areas.  This effectively lessens the available parking until certain areas drain.  Runoff 

from the lot can flow into adjacent properties and accumulate in the lot.  Furthermore, pollutants from 

vehicle can be untreated before it flows into nearby water bodies.  These can include motor oil, grease, 

gasoline, heavy metals, sediment, fertilizer and pesticides and trash.   

Additionally, parking lots, especially asphalt lots, absorb radiation from the sun and create an urban heat 

island effect, resulting in a dramatic increase in daily temperatures in urban areas. 

Green Infrastructure Matrix Techniques 

The following green infrastructure techniques are derived from the Green Infrastructure and LID Matrix 

for this site. Please refer back to this matrix if clarification on techniques is needed. 

Matrix # Technique Description 

1) Permeable Pavement  

Allows rainwater to percolate into the soil while still 

providing a durable surface.  It would also allow pollutants 

from vehicles to be absorbed into the soil.  The lighter 

colors would dissipate urban heat effects. 

3) 
Trees for Stormwater 

Retention  

Allows stormwater to better penetrate into the 

ground.  An additional benefit would arise from the 

cooling effect, keeping cars from getting very hot from 

direct sunlight. 
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12) 
Curb less or curb cut 

parking/lanes/islands  

Lets rainwater to flow directly into depressed receiving 

areas for storage and treatment.  This could be planted 

with trees for shading and to help infiltration of rainwater 

into the soil.  

13) Subsurface Retention Facility  

An option to providing larger stormwater ponds.  While 

this is an effective technique, the cost may not be 

warranted in this instance.  At just over half an acre, the 

swales and depressed islands will provide better 

stormwater attenuation than what currently exists. 

 

Ease of ability (ROI) 

Permeable pavement or grass pavers would require reconstruction of the parking lot. However, this can 

be done incrementally; the lower areas with sitting water can be addressed first.  After evaluation, 

additional areas can be addressed.  Trees can be planted at any time, though if the islands between rows 

of cars or at the perimeter are added, trees can be added along with other native plants at the time of 

construction.  The most expensive option would be the subsurface retention facility, and should only be 

considered if the other options are not available.  The least expensive option would be to regrade the 

green areas along the perimeter of the lot, where feasible, to allow stormwater to run freely into the 

adjacent medians.  The medians may need to be regraded to accept the water, but this may be the 

simplest option.  Additionally, the island at the entrance can be depressed, curb cuts made to accept 

rainwater drainage and appropriate plantings be added to cleanse pollutants and uptake nutrients. 

Cost  

The adjustments to the 

median would be a small 

cost and can be done by the 

Town’s Public Works 

Department.  Six curb cuts 

at the entrance median 

would be about 

$750.  Swales along the 

parking lot range from $3 

to $10 per cubic foot so a 

theoretical 70-foot -long 

swale along the east 

perimeter that is 5 feet 

wide and two feet deep 

would provide about 420 

cubic feet of storage.  The 

range would be $1,200 to 

$4,200.  Ten trees within the swales or around the lot would be about $2,500, depending upon the 

size.  Pervious pavement or grass pavers, at $10 to $15 per square foot could be between $260,000 to 

$392,000 for the 0.6-acre lot, however, smaller test areas would be commensurately less.  However, the 

pavers or pervious pavement would require costs for maintenance too.  Finally, the subsurface retention 

facility would be the costliest, but if this were new construction with the requirement to install adjacent 

Figure 9: Underground stormwater system installation 
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retention areas, the cost would be very competitive.  EPA estimates range from $20,000 to $482,000 per 

acre, depending on the system installed and local conditions.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10: Draft Rendering of Potential Site Design for Beach Lot 
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2) Ocean Avenue Town Properties 
The area of the Ocean Avenue right-of-way under review for this 

project is west of Oak Avenue. This area serves as a portion of the 

downtown, and is the primary civic area of the Town.  This area 

contains the pier on the Indian River Lagoon, Ryckman Park, City 

Hall, the Town’s Community Center, the Police and Fire Stations, 

and the U.S. Post Office.  Ocean Avenue has a wide right-of-way of 

±85 feet.  This includes ±25 feet of right-of-way between the outer 

edge of the sidewalk and the edge of the roadway. 

Issues 

The Town of Melbourne Beach has an older stormwater system by 

contemporary public works standards.  It only minimally handles 

the stormwater needs of the Town, and this will only lead to more 

future issues as the waters the system must deal with increase 

through sea level rise.  The Ocean Avenue corridor west of Oak 

Street is one area of the Town that will bear the brunt of flood 

water increases, due to the Town’s elevations being highest at the 

ocean, then sloping downward to the Indian River Lagoon.  Based 

on discussions with citizens and the results of a sea level rise vulnerability analysis by the East Central 

Florida Regional Planning Council (ECFRPC), the Town’s flooding has traditionally been worst along its 

western Indian River Lagoon frontage.  Because the Town’s main administrative buildings are in this more 

vulnerable area, returning to normal after a flood event could be difficult.   

Green Infrastructure Matrix Techniques 

During the walking tour with project stakeholders, two (2) particular areas were discussed as preferred 

locations for green infrastructure improvements in this area, which were in front of the Town 

administrative complex and at the intersection of Pine Street and Ocean Avenue, particularly to deal with 

flooding at the southwest corner of the intersection.  Additionally, the southwest corner of the 

intersection of Ocean Avenue and Oak Street is a good candidate.  Fortunately, because of the width of 

the Ocean Avenue right-of-way, the recommended techniques could be applied almost anywhere along 

Ocean Avenue.  

 

The following green infrastructure techniques are derived from the Green Infrastructure and LID Matrix 

for this site. Please refer back to this matrix if clarification on techniques is needed. 

Matrix # Technique Description 

1) 
Permeable Pavement and 
Green Parking 

Permeable pavement (AKA pavers), in its many forms 
allows rainwater to be treated and absorbed on-site, 
reducing the load on a jurisdiction’s stormwater system. 

3) 
Trees for Stormwater 
Retention 

Trees (shade) hold and absorb rainwater on their leaves 
and branches.  Roots keep soil permeable where the 
water is returned through the root system.  The 
absorption/return of water is best for mature trees.  

Figure 11: Ocean Avenue Right-of-Way 
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Preservation of existing trees is important, along with new 
plantings. 

4) 
Green Streets (Bio-
Retention) 

Green streets combine bio-retention, swales, planters, 
and other green features with other traditional elements 
of complete streets to improve on-site water retention 
and aesthetics.  As a form of complete streets, sidewalks 
are included, as well as bike lanes in cases where practical. 

7) Bio-Swales 
Bio-swales are depressed catchment areas designed to 
catch, cleanse, and return runoff water to the soil through 
the help of appropriate landscaping. 

14) Native Landscaping 
Native landscaping is the use of native plants which can 
tolerate the drought and flood cycles of an area.  Native 
landscaping requires less irrigation and pesticides. 

 

Permeable pavement and green parking provide a good material for roadway surfaces which, unlike 

traditional asphalt or concrete, allow runoff to percolate back into the ground directly.  In the Ocean Drive 

corridor under consideration, one form of this material, pavers, could be used to replace asphalt 

crosswalks at existing intersection as well as the base area underneath benches.  For later phases of Ocean 

Drive, the replacement of existing sidewalks and roadway could be replaced with permeable concrete and 

asphalt.  This would go towards the goal of several respondents at public workshops requesting a more 

park-like setting for the intersection of Ocean Drive and Pine Street.   This material could also be used for 

a demonstration project in front of City Hall.  In this case traditional concrete sidewalks could be replaced 

with permeable one. 

 

Shade trees should be added to the Ocean Avenue right-of-way in order to assist in the absorption of 

storm runoff, as well as adding aesthetically to the existing sidewalk, further encouraging bicycle and 

pedestrian usage.  The reduction in vehicular traffic by increased bicycle-pedestrian activity leads to 

reduced greenhouse gases in the air.  Trees additionally cleanse pollutants from the air, while producing 

beneficial oxygen.  Trees should be planted in vacant areas of the right-of-way to provide shade while 

treating stormwater.  Shade trees are preferential to palms and similar smaller varieties for their ability 

to handle more stormwater and provide a better shade canopy, which reduces temperature of the urban 

heat.  Palms and any similar smaller trees with limited shade or absorption capacity should be replaced 

by shade trees where feasible. 

There is enough room to add six (6)- foot wide bike lanes on both sides of Ocean Avenue (element of 

green streets).  If funding exists, the bike lane portion of the road could be constructed of permeable 

pavement as some communities are starting to do, further adding to stormwater percolation.   These 

lanes could also be painted a neutral color such as a light green or blue.  This helps in reducing the urban 

heat produced from grey pavement while also visually reminding drivers that this area is for bicyclists 

only.   If bike lanes are not an option, the addition of share the road (sharrow) markings could be added 
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to Ocean Avenue.  This notifies motorists that bicyclists are permitted in the roadway (by Florida law), and 

may be sharing vehicular lanes with motor vehicles. 

Bio-swales should be added to the right-of-way in appropriate locations 

that are conducive to having stormwater directed to them for filtration 

and return to the ground.  Bio-swales are known to be a more cost 

effective and required less maintenance than traditional “grey” 

engineering practices. In addition to the stormwater treatment function, 

the native landscaping can also improve the aesthetic quality of 

streetscapes.   

 

The Town does maintain landscaping along the Ocean Avenue right-of-way.  The drainage ability of such 

landscaping could be further enhanced to assist in stormwater management by adding appropriate foliage 

in strategic areas that currently lack landscaping or use non-lagoon friendly vegetation.  It also improves 

the aesthetic appearance of barren areas of the right-of-way for pedestrians and bicyclists.  

 

Figure 12: Sharrow Markings on Roadway 

Cost and Feasibility 

The least expensive of the options would be the planting of native landscaping and the planting of trees 

for stormwater retention.  Lagoon friendly landscaping costs approximately $1.30 to $4.50 per square 

foot to plant, with minimal maintenance thereafter.  Each stormwater tree (shade tree) costs 

approximately $250 to plant, plus on-going maintenance. 

Bio-swales do have the added costs of landscaping to assist in stormwater cleansing and absorption, but 

also lack some or all of the mechanical equipment required for engineered swales.  Once created, the 

native landscaping and the retention area need minimal upkeep.  This option is more expensive than the 

planting of native landscaping and stormwater trees, but also can handle more stormwater.  Bio-swales 

cost approximately $3.00 to $10.00 per cubic foot. 

A more expensive option would be permeable pavement and green parking, at a cost of $10.00 to $15.00 

per square foot.  This solution can be started for smaller areas, such as pedestrian crosswalks that 

currently use pavement, or for the bases underneath benches.  More expensive improvements, such as 

permeable sidewalks or bike lanes, could be done on a small scale as a demonstration project, and then 

be implemented incrementally as funding becomes available.   

Adding the green street element of bicycle lanes would be the most expensive option.  However, this 

proposal would cost less than an entire green street would cost.  When including bike lanes with bio-

swales and other traditional features, smart streets come out to approximately $44.00 per square foot of 

managed area.  Costs could be reduced by not replacing the roads current non-permeable pavement with 

the permeable variety discussed herein.  Painting of the lanes as discussed above is also a less expensive 

option.  Bike lanes could be completed either as a demonstration project or incrementally, reducing short-

term costs.  The option of sharrows could also be used as a much less expensive accommodation for 

bicyclists.  However, sharrows should be part of a comprehensive bike route/trail system. 
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Figure 13: Rendering of Ocean Avenue Potential Green Infrastructure 
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3) Sunset Boulevard 
Sunset Boulevard is a neighborhood street running east to west from S.R. A1A to Riverside Drive.  The 

street has multiple medians stretching along the road’s center.  They are separated at intersections along 

Sunset Boulevard, causing the medians to be split every few hundred feet and then continued. Most of 

these medians differ in elevation, plant and tree types, curbs, and general design. There are also some 

swales on the outside right-of-way of the roadway where the private properties are located. 

Issue 

These differences between the median’s 

characteristics result in varying infiltration rates 

and the consequence is standing water in some 

places.  Some of the medians act as bio-swales, 

being deeper than the road’s paved area, and 

some are at the same elevation or slightly higher 

than the paved area (Figure 6).  These aspects 

make Sunset Boulevard a road with variable 

drainage characteristics, where runoff can 

accumulate into yards or the roadway. 

 

Green Infrastructure Matrix Techniques 

The following green infrastructure techniques are derived from the Green Infrastructure and LID Matrix 

for this site. Please refer back to this matrix if clarification on techniques is needed. 

Matrix # Technique Description 

1) 
Permeable Pavement & 
Green Parking 

Permeable pavement would increase infiltration along the 
entirety of the roadway while absorbing pollutants from cars. 

3) 
Trees for Stormwater 
Retention 

Keeping existing native trees and adding new trees in the 
median and on the roadside rights-of-way will increase 
drainage and uptake more water while providing 
beautification and shade. 

4) 
Green Streets (Bio-
Retention) 

Enhancing the medians, right-of-way swales, and adding 
elements of pedestrian and/or bicycle amenities allow for 
green infrastructure implementation while improving 
pedestrian safety. 

7) Bio-Swale 

Some of the medians on Sunset Blvd already act as bio-
swales. These depressed catchment areas could be made 
consistent along the roadway in the medians to drain 
stormwater more efficiently. 

12) 
Curb less or Curb Cut 
Parking/Lanes/Islands 

Some medians on the roadway are curbed with curb cuts, 
and others have no curb. Adding more curb cuts in strategic 
locations and leaving the no curb areas alone would allow 
rainwater to flow more freely. 

14) Native Landscaping 

There are some non-native plants along Sunset Blvd. Those 
plants should be replaced with native plants and additional 
native plants should be added as well.  They require little to 
no watering and are better suited for natural flux in water, 
and thus will be prepared to absorb stormwater. 

Figure 14: Medians on Sunset Blvd 
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Cost and Feasibility 

During the Stakeholder Workshop Walking Tour, Sunset Boulevard was a site that received numerous 

suggestions for green infrastructure adaptation.  First, stakeholders mentioned it would be most 

beneficial to assess elevations of the roadway, medians, and surrounding right-of-way.  An assessment of 

the elevation could be completed with help from Brevard County and their Public Works and Engineering 

team or another applicable partnership.  Assessing the elevation and drainage would allow any green 

infrastructure implementation to work as efficiently as possible for the area.  The extent of the analysis 

needed is unknown currently, but it was suggested by the Brevard County Engineering stakeholder that 

reshaping elevations in the medians and having deeper swales on the road right-of-way with culverts 

connecting from the outside median to these swales could allow for more water flow.  An analysis of this 

type would potentially be the most expensive option for the Town and though it would provide clarity on 

how to redesign the roadway, it would be an up-front cost that does not provide on the ground change.   

Since each median is different, the Town could take a few months during the rainy season to see which 

median elevation allows for the most stormwater retention and infiltration.  Then the Town could use 

that observation to adapt all medians to the same elevation, creating bioswales.  This observational study 

could provide a lower-cost analysis of the streetscape.  More curb cuts and curb removals were other 

suggestions that would be relatively inexpensive for the Town, without necessarily needing much study.  

Adding curb cuts to curbed areas could cost about $550 to add three cuts.  Additionally, where there is no 

curb, the Town should make sure the grass at the edges of the roadway are lower than the road so it flows 

into the swales.  This is a lower cost option to create more flow of water into the medians with curbs. The 

Sunset Boulevard medians also contain some exotic plant species.  The Town can remove any exotic plant 

species through a project by their Public Works Department and/or volunteer help.  The Town can utilize 

native plant landscaping throughout the medians and right-of-way to beautify the area.  Those native 

plants would improve stormwater retention and water quality.  The Town could work with entities like 

Keep Brevard Beautiful and UF IFAS Brevard County Extension to figure out low cost native plants to add 

to the roadway.  Permeable pavement is a technique that could be implemented along Sunset Boulevard, 

but is quite costly at $10 - $15 per sq. ft. and the roadway does not necessarily need permeable pavement 

to solve any drainage issues at this time.  The roadway may be a candidate for permeable pavement 

eventually, but it would be beneficial to assess drainage on Sunset Boulevard and see how permeable 

pavement on other Town properties performs before paving an entire road.  

 

 

 

 

 

 

 

 

 

 
Figure 15: Potential Design for Sunset Blvd Streetscape 



 

29 
 

4) Circle Park 
Circle Park is located on Riverside Drive 

between Harland Avenue and Andrews Drive.  

The park is currently curbed and has a few 

sabal palms and grass.  This area has been on 

the Town’s radar as a site that could be 

utilized differently in order to retain more 

stormwater and aesthetically enhance the 

area. 

Issue 

The main issue with Circle Park is it is 

underutilized in terms of collecting water to 

alleviate the stormwater system and prevent 

runoff with pollutant and nutrients from 

flowing into the Indian River Lagoon. 

Green Infrastructure Matrix Techniques 

The following green infrastructure techniques are derived from the Green Infrastructure and LID Matrix 

for this site. Please refer back to this matrix if clarification on techniques is needed. 

Matrix # Technique Description 

2) 
Rain Gardens, Down 
Spouts & Harvesting 

Addition of a rain garden in Circle Park could add for more 
drainage capabilities while absorbing nutrients and other 
pollutants. 

3) 
Trees for Stormwater 
Retention 

Adding additional trees on the Circle Park property would 
allow for more shade coverage for other amenities while 
increasing stormwater. 

11) 
Passive Recreation 
(Pedestrian Walk/Bike 
Trail) 

Circle Park is mainly grass with a few trees.  It could be 
enhanced for the residents of the Town by adding some 
passive recreation like a sitting area, signage to identify 
native plants, and other amenities.   

14) Native Landscaping 

The park could landscape with many native plants as a 
beatification effort and these plants could potentially add an 
educational aspect.  Native plants will also provide their 
promotion of native species while reducing water runoff to 
the lagoon.  These plants also require little maintenance, 
currently the park needs mowing and watering. 

   

Cost and Feasibility 

Circle Park is approximately 0.3 acre with most of the area open for any adaptation measures.  There were 

a few ideas for changes to Circle Park from the Public Workshop.  One thing the Town has been considering 

is using the space as a rain garden/bio-swale. This would be one of the more expensive options depending 

on how large the rain garden would be. For a 4,000 sq. ft. rain garden, estimated from the cost of a 

residential type garden, it would cost the Town about $16,000.  This is a feasible technique to filter 

stormwater from the Town’s runoff before it reaches the Indian River Lagoon, which is located only a few 

hundred feet away from the park.  The Town should assess the elevation of the park for drainage to make 

Figure 16: Circle Park 
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sure any adaptation constructed would be beneficial.  The eastern end of the park is 5ft in elevation and 

the middle is 6ft in elevation.  Adjusting the elevation for the different techniques may be necessary to be 

able to get water to run into a rain garden or other features.  

Trees for retention of stormwater can be added to the park with other amenities to compile as many 

water retaining techniques as possible.  This is a relatively cheap way to soak up runoff through planting 

native tree species.  The Town has already been planting more trees so adding some to Circle Park is 

appropriate. Each tree costs around $250 and would beautify and increase water infiltration of the park.  

Creating a passive recreation are in Circle Park would be a great way to keep the park open and available 

to residents of Melbourne Beach while also implementing green infrastructure.  It was mentioned at the 

Public Workshop that the park could potentially construct a Veteran’s Memorial garden/area.  Adding a 

memorial feature could draw residents to spend time in the park to pay respects.  A memorial fountain or 

garden along with small pathways, native plants, and seating could provide a wonderful passive 

recreational amenity to the Town.  Town staff could work with different organizations like The Veterans 

of Foreign Wars or the Vietnam Veterans of America to construct an appropriate monument or feature at 

the park.  The cost of a project like this is unknown, but with assistance from an organization and 

donations from residents if needed, costs could be minimized. This site could be incorporated into a 

destination along the Riverside Drive trail system as well. 

 

Figure 17: Vietnam War Area Remembrance Site at Stetson University 

Lastly, the addition of native landscaping in Circle Park is very feasible.  Given the site’s size, even if you 

were to add native landscaping to the entirety of the area at 1/3rd of an acre at the upper range for the 

price, it would cost about $2,023.  Since it would probably be more beneficial to have additional trees and 

other techniques in the park, it would most likely not cost the Town much to add native landscaping to 

the area. 

A combination of the above techniques would best suit Circle Park to diversify how water is retained in 

the area while providing a multitude of amenities to the residents. 
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5) Riverside Drive 
The Riverside Drive right-of-way is being 

examined for potential green infrastructure 

project starting at the north at Andrews Avenue 

and continues approximately a third of a mile 

along the Indian River Lagoon to Ocean Avenue 

to the south.  The right-of-way in this area 

averages ±45 feet in width.  On the eastern side 

of Riverside Drive, the right-of-way is as wide as 

15-foot wide from road’s edge.  There is a ±5-

foot wide sidewalk on the eastern side of the 

right-of-way for the entire length of the corridor.   

This sidewalk currently provides a view of the 

Indian River Lagoon, and connects residents near 

the Indian River Lagoon to the Pier, Ryckman 

Park, and the Ocean Avenue civic and 

commercial centers.   

The western lagoon-side right-of-way is 

narrower, averaging between 0 and five feet in 

width.  It also contains power poles and signage.  

The property owners on the east side of 

Riverside Drive also own the land between the 

Indian River lagoon and the Town’s right-of-way 

(see Figure 2).    Some of these property owners who have extended their river-front improvements 

(docks, walks, furniture, etc.) outside of their property boundaries and into the Town right-of-way, 

reducing available improvement area on the west.  

Issue 

As previously mentioned, Melbourne Beach tends to decrease in elevation as you move from the Atlantic 

Ocean to the Indian River Lagoon, which is more flood prone.  This corridor uses primarily a gutter system 

to draw water to stormwater inlets.  Reviewing aerial photography three (3) stormwater inlets were noted 

in the western right-of-way, while four (4) were noted on the eastern side, usually where two (2) street 

rights-of-way come together.   

The Town does not have a formalized bicycle/pedestrian trail system.  With the addition of improvements, 

the sidewalk on the eastern side of Riverside Drive right-of-way could prove to be a very scenic part of a 

trail system connecting from Circle Park to Ocean Avenue and eventually down Oak Street to the 

previously mentioned trail opportunity. 

 

  

Green Infrastructure Matrix Techniques 

The following green infrastructure techniques are derived from the Green Infrastructure and LID Matrix 

for this site. Please refer back to this matrix if clarification on techniques is needed. 

Figure 18: Map of Riverside Drive Site Area 
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Permeable materials such as pavers could be used to create crosswalks, which currently do not exist for 

the sidewalk in this portion of Riverside Drive.  This could increase the corridor’s permeability, improve 

the aesthetic quality of the right-of-way, while also improving bicycle/pedestrian visibility and safety.  One 

additional demonstration project for the future, which would be more costly, would be to reconstruct the 

last block of the sidewalk on Riverside Drive before Ocean Avenue with permeable concrete. This would 

allow an examination of its stormwater assistance potential and durability, as well as announce the 

entrance to Ryckman Park. 

Shade trees help in absorbing stormwater runoff, while at the same time providing better shade for 

bicyclists and pedestrians.  Because of its limited size and presence of power lines within the western 

right-of-way, their placement should be concentrated in the eastern right-of-way, where they can have 

the greatest shade impact and add to the aesthetic experience of bicyclists/pedestrians using the 

sidewalk. 

Bio-swales add native landscaping into retention swales.  The plantings enhance the cleaning of the 

stormwater and lead to its faster absorption. This technique could be used in cleared locations on either 

side of the right-of-way conducive to having storm or flood waters directed to them.  Because of the width 

advantage of the eastern right-of-way, this area may prove more conducive.  The native landscaping of 

bio-swales will also add to the visual experience of bicyclists and pedestrians along the sidewalk.  Any 

plants to be used in bio-swales along Riverside Drive should be salt tolerant so as to thrive even with 

occasional inundation from brackish lagoon waters. 

The Riverside Drive right-of-way has existing five (5)-foot wide sidewalks on the eastern side of the right-

of-way for the entire corridor length.  This, coupled with the wide right-of-way area for bioswales and 

Matrix # Technique Description 

1) 
Permeable Pavement and 
Green Parking 

Permeable pavement (including pavers), in its many 
forms allows rainwater to be treated and absorbed on-
site, reducing the load on a jurisdiction’s stormwater 
system. 

3) 
Trees for Stormwater 
Retention 

Trees (shade) hold and absorb rainwater on their leaves 
and branches.  Roots keep soil permeable where the 
water is returned through the root system.  The 
absorption/return of water is best for mature trees.  
Preservation of existing trees is important, along with 
new plantings. 

7) Bio-swale 

Bio-swales are landscape features comprised of 
depressed catchment areas that use landscaping to 
capture, cleanse, and return runoff to the soil. 

11) 
Passive Recreation 
(Walk/Bike Trail) 

A passive recreation area with generally undeveloped 
space or an environmentally-sensitive area requiring 
little maintenance. 

14) Native Landscaping 

Native landscaping is the use of indigenous plants which 
can tolerate the drought and flood cycles of an area.  
Native landscaping requires less irrigation and 
pesticides. 



 

33 
 

landscaping, make this area ideal to improve the sidewalk as a bike/walk trail. The chance to bicycle or 

walk along this pristine view of the Indian River Lagoon may encourage eco-tourism in the Town. 

 

To accommodate more seasoned cyclists, sharrows (see Ocean Avenue analysis) could be added to 

Riverside Drive.  These symbols indicate that bicyclists are permitted by right to share the road with 

cyclists.  These sharrows can be utilized not only in this section, but on a bicycle/pedestrian plan as a 

whole. 

The Town could add native landscaping to both sides of the Riverside Drive right-of-way for stormwater 

and aesthetic purposes.  This could serve as an inexpensive way to cleanse and absorb stormwater, while 

adding to the aesthetics of the corridor’s users.  Where shade trees are not appropriate on the west side, 

lagoon-friendly landscaping could make the riverside even more attractive, as it is at the pier.  It would 

make this side of the right-of-way directly on the Indian River Lagoon function more as a part of this 

ecosystem. 

Cost and Feasibility 

The ECFRPC has examined the costs of the different forms of green infrastructure discussed above.  The 

costs and difficulty of implementing the above recommendations are based on this research. 

The least expensive of the options would be the planting of native landscaping and the planting of trees 

for stormwater retention.  Native landscaping costs approximately $1.30 to $4.50 per square foot to plant, 

with minimal maintenance thereafter.  Each stormwater tree (shade tree) costs approximately $250 to 

plant, plus on-going maintenance. 

Bio-swales do have the added costs of landscaping to assist in stormwater cleansing and absorption, but 

also lack the cost of some of the additional mechanical equipment required for traditional engineered 

swales.  Once created, the native landscaping and the retention area need minimal upkeep.  This option 

is more expensive than the planting of native landscaping and stormwater trees, but also can handle more 

stormwater.  Bio-swales cost approximately $3.00 to $10.00 per cubic foot. 

The next improvement cost wise would be permeable pavement and green parking, at a cost of $10.00 to 

$15.00 per square foot.  However, the recommendation for this portion of the Riverside Drive right-of-

way would be relatively low cost.  This stretch of Riverside Drive is not that long, and permeable pavement 

(pavers) would only be used to add bicycle-pedestrian crosswalks.  Since these pavers would serve not 

only as a drainage improvement, but also improve the corridor’s appearance and enhance 

bicycle/pedestrian safety, these improvements could bring multiple benefits using economies of scale.  

The more expensive option, as described above, would be repaving the sidewalk in the last block before 

Ocean Avenue with permeable pavement as a demonstration project at a later date, financing permitting. 

Adding passive recreation (pedestrian walk/bike trails), would traditionally be the most expensive option.  

When including bike lanes and bio-swales and other features, smart streets (combination of these 

features) come out to approximately $44.00 per square foot of managed area.  However, the existing 

sidewalks could be used in lieu of bike lanes.  Adding bio-swales, lagoon-friendly landscaping, shade trees, 

sharrows, and pavers could create a much more attractive environment for pedestrians and bicyclists at 

a reasonable cost.  At the same time, this area of Melbourne Beach would be receiving drainage 

improvements.   
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6) Ryckman Park 
Ryckman Park is located where Riverside Drive meets Ocean Avenue.  The park is adjacent to many Town 

properties and can overlap with some of the suggestions made for Ocean Avenue.  The park holds a large 

number of recreational amenities for residents such as restroom facilities, a large playground, tennis, 

bocce and basketball courts, a large open field, and a pavilion.  Some amenities can be rented out by the 

public. Ryckman Park is also home to the historic Ryckman House and the Historic Melbourne Beach Pier.  

Issue 

Ryckman Park is susceptible to flooding from the 

west where the Indian River Lagoon could 

inundate the area.  From the Vulnerability 

Analysis previously completed, the areas closer to 

the river were marked as being more vulnerable 

to flooding since the elevation of the Town goes 

from higher elevations at the beach to lower 

elevations at the lagoon.  This includes Ryckman 

Park amenities.  The park also contains a lift 

station that is a critical facility identified in the 

Vulnerability Assessment.  This lift station is 

owned and maintained by Brevard County.  Given 

that there are historic areas, a lift station, many 

outdoor recreational amenities, and close proximity to Town properties, this vulnerability to flooding 

poses a major issue to Melbourne Beach.  

Green Infrastructure Matrix Techniques 

The following green infrastructure techniques are derived from the Green Infrastructure and LID Matrix 

for this site. Please refer back to this matrix if clarification on techniques is needed. 

Matrix # Technique Description 

2) 
Rain Gardens, 
Down Spouts & 
Harvesting 

A rain garden can be an aesthetically pleasing addition to Ryckman 
Park utilizing a downspout from a gazebo, the pavilion, or another 
structure to direct water. 

3) 
Trees for 
Stormwater 
Retention 

The park already has many trees to increase the uptake of water, but 
if the Town desires they could place a few more in open areas or on 
the edges of the park to increase shade cover. 

5) Cistern 
Ryckman Park is an area where a cistern either underground or 
above ground could be implemented to store rainfall from the tops 
of Town buildings to later be used for landscaping. 

8) 
Green / Eco-roof 
Systems 

Given the amount of potential roof space, Ryckman Park is a great 
example of an opportunity where a Green or Eco-roof system could 
be installed as a pilot project to hold rainwater and reduce heat in 
the park. 

9) Living Shorelines 

The western portion of the park is the coast to the Indian River 
Lagoon.  There are already some grasses and rip rap protecting the 
coast, but this coastline could benefit from additional shoreline 
projects like oyster mat introduction.   

Figure 19: Lift Station in Ryckman Park 
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11) 
Passive Recreation 
(Pedestrian 
Walk/Bike Trail)- 

There are already great amenities for the public in the park, 
including several walkways and places to sit.  The park could include 
some additional amenities for bicyclists if Ocean Ave installed a bike 
lane or more educational information for native plants. 

14) 
Native 
Landscaping 

The park incorporates native plants currently, especially along the 
pier. Ramping up those efforts to plant native flowers, shrubs, and 
trees will help filter water before running into the lagoon. 

 

Cost and Feasibility 

Ryckman Park is a great place in the Town to experiment with green infrastructure. Its proximity to the 

lagoon and susceptibility to flooding makes it a great study area to measure runoff into the lagoon before 

and after project implementation. 

Through the two workshops, there were a few ideas to implement green infrastructure in the park.  From 

the Public meeting, there were ideas to install a cistern as a feature in the park either in a spot where a 

building could catch the water, or make it a feature replica of the Historic Water Tower that was once in 

the Town.  Depending on the size of cistern desired by the Town, the price could range from $500 - 

$10,000.  This is a pricier technique, but with the help of grant money or if it ends up being a high priority 

of the Town, a cistern could be constructed.  A cistern would help catch rainwater thus reduce runoff 

water that the rest of the park’s features would attempt to soak up. It could also be a great feature to the 

park aesthetically if transformed into a replica of the Historic Water Tower. 

A Green / Eco-roof is a more complex technique that the Town may explore by using the roofs of the 

multiple buildings on the park property. At $8 - $25 per sq. ft., the Town may want to explore this option 

as a pilot project to see how a roof of this nature would perform. This is mainly more complicated due to 

factors like assessing the roof for slope, how much daylight it gets, best native plants to add, material to 

protect the hardened roof etc. They may need to contract with a company or could install a system that 

may not offer much return on investment. A Green Roof could be a unique and beneficial aspect of the 

park, but may not be the top choice due to price and effort required.  University of Florida’s IFAS Brevard 

Extension could assist the Town in assessing feasibility of a Green Roof. 

University of Florida Institute of Food and Agricultural Sciences Brevard Extension could also assist the 

Town in hosting workshops for the residents on rain barrels.  The Town has expressed interest in utilizing 

the swale behind the Community Center as a place to involve the public in several green infrastructure 

programs.  This area could serve as a nature center, containing native plants with educational plaques, 

and perhaps being a hub for pilot projects and information about all of the green infrastructure 

throughout the Town.  A rain barrel workshop hosted in conjunction with IFAS would be a perfect event 

for a nature center.  Some native landscaping in this area would be a minimal cost, and the addition of 

signage and a small walkway would allow the area to serve as a passive recreation area.   

The Town could work with the Brevard Zoo or the Marine Resource Center, or another entity, to install 

oyster mats, grasses, and other living shoreline to help reduce wave action along the park.  The area along 

the lagoon is more susceptible to flooding and storm surge, so any protection from a living shoreline would 

be beneficial.  This technique could be argued as the most important to implement because without 

shoreline protection, any other green infrastructure techniques applied to the Ryckman Park area could 

have major damage from a hurricane.  
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7) Boat Ramps 
At the intersections of Pine Street with 5th Avenue and 6th Avenue are public access points to the Indian 

River Lagoon.  The 6th Avenue access is for boat access while the 5th Avenue access point is for pedestrians 

and bicyclists only.  

 

The boat ramp has limited capacity for trailer and car parking and it appears to have no asphalt, but does 

have impervious concrete for the actual ramp area near the lagoon.  There are no markings on the ramp 

or approach but there are posted rules.  The issues with the boat ramp involve the source of pollution to 

the lagoon from boat and car oil, gas, grease and other heavy metals associated with motorized 

machinery.  The sloped area near the lagoon will drain quickly during rain events and with larger rain 

events, much of the driveway and parking area may drain directly into the lagoon without treatment.  

Also, there is evidence of a spill on the concrete pad that would have drained into the lagoon.  The fact 

that the main road to the ramp is not paved allows rainwater and associated pollutants to usually infiltrate 

into the soil where it can be substantially cleansed before reaching the lagoon.  The primary threat to the 

lagoon is from spills onto the ramp pad which is sloped to the water and heavy rain events where most of 

Figure 20:  View of 6th Avenue boat ramp from Pine 

Figure 21: View of 5th Avenue pedestrian access to Indian River 
Lagoon from Pine Street 

Figure 22: Spill on Boat Ramp Figure 23: View of Boat Ramp Area 
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the driveway runoff flows directly into the lagoon without treatment because the amount of rain exceeds 

the ability of the soil to percolate the rainwater. 

Green Infrastructure Matrix Techniques 

The following green infrastructure techniques are derived from the Green Infrastructure and LID Matrix 

for this site. Please refer back to this matrix if clarification on techniques is needed. 

Matrix # Technique Description 

1) 
Permeable Pavement 
and Green Parking 

Permeable pavement would allow water to infiltrate into the 
soil and cleanse pollutants from tow vehicles and boats. 

3) 
Trees for Stormwater 
Retention 

Trees along the perimeter wall will help absorb rainwater 
and provide shade 

6) Lagoon Friendly Yards 
Lagoon friendly landscaping provides wildlife habitat and 
filters rainwater 

7) Bio-Swale 
A bio-swale can capture rainwater runoff and allow it to 
infiltrate into the ground rather than run directly into the 
lagoon 

9) Living Shoreline 
Adding natural plants to the area near the ramp can help 
uptake pollutants from boats and automobiles that may 
transfer to the water 

10) Habitat Restoration 
Restoration of the area near the ramp can help keep the area 
clean and pristine by restoring any degraded areas. 

14) Native Landscaping 
Native landscaping works in conjunction with matrix 
numbers 6,7,9 and 10 to enhance wildlife habitat and species 

 

While the parking area is relatively small and there is already a permeable surface, the introduction of 

permeable pavers would assist to stabilize the site and lower maintenance required for the gravel areas.  

For larger storm events, it would slow the flow of water into the lagoon in rivulets or a small gulley that 

may form without maintenance.  This would be more beneficial closer to the concrete ramp.  If large 

trucks with large boats use the site, this may not work, but given the limitations due to the size of the 

area, this would probably not be an issue. 

Trees can be added along the side to augment the ability of the soil to permeate rainwater as well as to 

provide shade and wildlife habitat. 

Items 9, 10 and 14 are related and all have a role in this situation.  Both the boat ramp and, to a lesser 

extent, the pedestrian walkway to the lagoon, can be served by these landscaping improvements.  Since 

they both are on the lagoon, the living shoreline and habitat restoration are recommended.   

The bio-swale can work to divert runoff from the long driveway into a grassed area along the lower wall 

may improve the quality of water entering the lagoon.  Generally, the lowest part of the driveway is in the 

center, however there is a lower area toward the lagoon on the south side.  Re-contouring the driveway 

and installing a slight swale with grass can catch water.  This water will usually be absorbed in the swale, 

though heavy rains may overload the swale and the excess water can enter the lagoon without washing 

away the gravel that is there now.  If permeable pavement is added, it is unlikely any dirty water would 

run into the lagoon directly.   
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For the concrete pad nearest the water, some ruts cut diagonally can direct some of the water to one side 

into a grassed swale area that can be periodically cleaned by the Town and cleansed by native vegetation.   

The pedestrian access at 5th Avenue is already landscaped and there are few impacts to the environment. 

Items 3, trees, 9, living shoreline and 10, habitat restoration, can augment this site.  

Cost and Feasibility 

The boat ramp site is approximately 0.2 acres and pervious pavement is $10 to $15 per square foot, 

resulting in a cost between $87,000 to $130,000, however, utilizing this application for smaller areas 

nearer to the lagoon would be commensurately less money.  This can be attempted in areas with higher 

traffic from cars.   A slight swale toward the southwest portion of the lot would not cost much and can 

probably be done by the Town’s Public Works Department for under $5,000.  Trees average $250 each 

and if spaced at 50-foot alternating intervals, $1,000 can pay for 4 trees to help shade the lot and provide 

additional water uptake.  The cost for living shoreline would be small because there is not much open 

area on the lagoon, so $500 would cover between 110 to 385 square feet, which is enough to nicely 

enhance the area adjacent to the ramp. The same amount could be applied to the pedestrian access point 

at 5th Avenue.   Habitat restoration and native landscaping can be applied in small areas for both the boat 

and pedestrian access points to provide additional wildlife habitat, however the sites are relatively small 

and the pedestrian access is already nicely landscaped and may not warrant improvements. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

39 
 

8) Town Right-of-Way by Lutheran Church 
The Oak Street right-of-way is being examined for 

potential green infrastructure project.  The study area 

begins at the north property line of Advent Lutheran 

Church (just south of Surf Road), and ends at the 

southern Town limits at the Flutie Athletic Complex.  

There is a meandering sidewalk on the eastern side of 

Oak Street extending the entire length of this 

approximately .7-mile study area.  There is a straight 

sidewalk on the west side which extends almost 

throughout the study area, ending at Driftwood 

Avenue (just south of the northern boundary of the 

project area).  This Oak Street right-of-way is ±110 

feet in width.  Sidewalks in this area are ±8 foot wide.  

It should be noted that these sidewalks could provide 

connections between the residential neighborhoods 

to the east and west of the road with Gemini 

Elementary School and the Flutie Sports Complex to 

the south.  These sidewalks also cross Surf Road just 

outside of the study area, which provides a direct 

roadway (no sidewalks) connection to A-1A and the 

ocean, particularly Loggerhead Preserve.  Finally, 

since Oak Street traverses the entire Town, this 

segment could be the spine of a trail system eventually 

crossing the Town with both off and on-roadway elements. 

Issues 

Some roadways in the Town of Melbourne Beach lack swales for drainage from road runoff.  This 

southwestern area of the Town was noted by several attendees of public workshops held by the ECFRPC 

as an area where flooding was a major problem.  Respondents attributed this to the development of the 

Harbor East subdivision, where the natural drainage pattern was altered due to the dredging of canals 

connecting with the Indian River Lagoon.  Another issue the Town deals with is the lack of trails or other 

facilities for bicyclists and pedestrians.  This area provides an opportunity to deal with both issues through 

green infrastructure solutions.  

Green Infrastructure Matrix Techniques 

The extra wide right-of-way of Oak Street (between inner sidewalk and road, as much as ±33-foot wide 

on east side, ±5-foot wide on west side, with much of the non-road right-of-way being undeveloped, 

provides excellent opportunity to deal with the issues of poor drainage and lack of recreational facilities 

for bicyclist and pedestrians.   Green infrastructure techniques can serve as an economical and functional 

way of resolving these issues. 

The following green infrastructure techniques are derived from the Green Infrastructure and LID Matrix 

for this site. Please refer back to this matrix if clarification on techniques is needed. 

 

Figure 24: Map of Oak Street Right-of-Way Study Area 
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Matrix # Technique Description 

1) 
Permeable Pavement and 
Green Parking 

Permeable pavement (including pavers), in its many 
forms allows rainwater to be treated and absorbed on-
site, reducing the load on a jurisdiction’s stormwater 
system. 

3) 
Trees for Stormwater 
Retention 

Trees (shade) hold rainwater on their leaves and 
branches and the root system assists in the percolation 
of water into the soil.  Preservation of existing trees is 
preferable. 

7) Bio-Swale 

Bio-swales are landscape features comprised of 
depressed catchment areas that use landscaping to 
capture, cleanse, and return runoff to the soil. 

11) 
Passive Recreation 
(Walk/Bike Trail) 

A passive recreation area with generally undeveloped 
space or an environmentally-sensitive area requiring 
little maintenance. 

14) Native Landscaping 

Native landscaping is the use of indigenous plants which 
can tolerate the drought and flood cycles of an area.  
Native landscaping requires less irrigation and 
pesticides. 

 

Permeable materials such as pavers could be used to replace 

non-permeable street materials at bicycle/pedestrian 

crosswalks along this right-of-way study area.  This increases 

permeability and bicycle/pedestrian visibility and safety, while 

adding to the aesthetics of the streetscape. 

 

Shade trees help in absorbing stormwater runoff, while at the 

same time providing better shade for bicyclists and 

pedestrians.  They could be planted in the largely tree-barren 

areas between the roadway and the sidewalks.  Such trees also 

work towards sustainability by cleaning pollutants from the air. 

 

Bio-swales should be added where functionally appropriate.  

The plantings enhance the cleaning of the stormwater and lead 

to its faster absorption. This technique could be used in current 

vacant areas of the Oak Street right-of-way where stormwater 

could be directed. The aesthetic experience of bicycles/pedestrians in the area could also be enhanced by 

the plantings in the bio-swale. 

 

The Oak Street right-of-way under study has existing eight (8)-foot wide sidewalks on both sides for almost 

the entire corridor length.  The addition of bio-swales, native landscaping, and shade trees mentioned 

above could transform these sidewalks into a more traditional aesthetically pleasing bicycle/pedestrian 

bike trail at minimal cost.  Since Oak Street runs the entire length of the Town, this roadway could part of 

the be the spine for expanding a comprehensive bike/pedestrian trail system throughout the Town. 

Figure 25: Oak Street ROW width 
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The Town could add native landscaping along Oak Street both for stormwater and aesthetic purposes.  

Native landscaping would be included as an element of bio-swales.  Even without bio-swales, or in addition 

to them, native landscaping could be used in the rights-of-way to help with the absorption of stormwater 

runoff from the road.  Such landscaping, in conjunction with the recommendation for shade tree planting 

above, could add to the aesthetic experience of bicyclists/pedestrians using the sidewalk system. 

Cost and Feasibility 

The ECFRPC has examined the costs of the different forms of green infrastructure discussed above.  The 

costs and difficulty of implementing the above recommendations are based on this research. 

The least expensive of the options would be the planting of native landscaping and the planting of trees 

for stormwater retention.  Native landscaping costs approximately $1.30 to $4.50 per square foot to plant, 

with minimal maintenance thereafter.  Each shade tree costs approximately $250 to plant, plus on-going 

maintenance. 

Bio-swales do have the added costs of landscaping to assist in stormwater cleansing and absorption, but 

also lack the cost of some of the additional mechanical equipment required for non-green engineered 

swales.  Once created, the native landscaping and retention areas need minimal upkeep.  This option is 

more expensive than the planting of native landscaping and stormwater trees, but also can handle more 

stormwater.  Bio-swales cost approximately $3.00 to $10.00 per cubic foot. 

Permeable pavement is estimated to cost $10.00 to $15.00 per square foot, and pavers are recommended 

to replace non-permeable pavement in crosswalks.  The pavers would serve both as a drainage 

improvement, and improve the corridor’s appearance and enhance bicycle/pedestrian safety. 

 

Adding a passive recreation (pedestrian walk/bike trail) would traditionally be the most expensive option.  

Passive recreation areas were found to cost $200,000 to $500,000 per mile.  However, wide sidewalks are 

already existing in this right-of-way.  Adding bio-swales, native landscaping, shade trees and pavers could 

create a much more attractive environment for pedestrians and bicyclists at a reasonable cost.  At the 

same time, this area of Melbourne Beach would be receiving drainage improvements. 
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Figure 27: Corner retention area and concrete curb 
cut to direct rainwater 

Figure 28: Corner retention basin with "Pop-off" 
that drains offsite 

9) Historic/Church Parking Lot 
The oldest church on the beaches, the Community Chapel of Melbourne Beach, was built in 1892, is 

located at the intersection of Ocean Avenue and Pine Street.  The parking lot is on the east side of Pine 

Street and is the subject of this green infrastructure application.  The lot is 0.33 acres I size and has parking 

along 3 edges and in the center.  Drainage from the asphalt lot is into grassed basins or swales in the 

corners and perimeters.  The highest points are toward the center of that lot at 10 feet above sea level, 

and the lowest portions are near the corners at about 7 feet above sea level.  The quality of the existing 

pavement is fair.  It should be noted that the church is privately owned and any of the options noted 

herein would be voluntary and entirely up to the church. 

Drainage is into basins or swales long the edges of the parking lot, and there is an overflow drain for when 

these basins fill.  This overflow water runs to the south on Pine Street or to the west on Ocean Avenue, 

both of which have elevations below the parking lot basins only half a block away.  (need to verify with 

Town publics works director) 

 

 

 

 

 

Figure 26: View of Parking Lot from Pine Street 
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Green Infrastructure Matrix Techniques: 

The following green infrastructure techniques are derived from the Green Infrastructure and LID Matrix 

for this site. Please refer back to this matrix if clarification on techniques is needed. 

Matrix # Technique Description 

1) 
Permeable Pavement 
and Green Parking 

Permeable pavers would allow rainwater to infiltrate into 
the ground and lessen the stormwater drainage into the 
swales in the perimeter of the lot. 

3) 
Trees for Stormwater 
Retention 

Trees added to the center parking area would provide shade 
and help lessen stormwater load. 

7) Bio-Swale 
The bio-swales can be enhanced to allow sheet flow of water 
into the perimeters to belter cleanse pollutants from cars. 

13) 
Subsurface Retention 
Facilities 

Underground storage, if needed, can lessen the impacts to 
the existing stormwater system and help retain water onsite. 

14) Native Landscaping 
Native landscape plants improve wildlife habitat and lowers 
watering needs while helping to uptake pollutants from cars. 

 

Permeable Pavers would better capture the pollutant loadings from the automobiles rather than allow 

them to be washed into the drainage basins and into the street when exceed their capacity.  The existing 

surface will need to be repaved in the not too distant future so this could be a viable option.  Also, this 

can be done incrementally, with test areas installed where the existing pavement is in poor condition.   

The site is currently well shaded in many areas, but additional trees can help in the absorption of rain 

water.  Trees in the two center island areas would be a good addition and it would provide shade for an 

area currently exposed to sunlight. 

The current drainage systems can be classified as bio-swales, as the parking lots currently drain into these 

grassed areas.  Some edges of the parking lots can be lowered so the rain can sheet flow directly to the 

low areas rather than be funneled by the high turf along the edges of the parking lot toward the concrete 

curb cuts shown in Figure 19.  This would allow the grass to better cleanse the pollutants from the water 

as it even flows through the grass.  Also, there is a center parking area that has grassed areas that could 

be lowered to accept some rainwater.  However, this is the highest portion of the lot, so water would tend 

to flow away, resulting in a less effective drainage feature.  Adding   trees, as mentioned above, may be 

the best application for the center island. 

A more formidable way to address the stormwater is with subsurface retention facilities.  This would be a 

viable solution but is one of the more expensive options, and is usually constructed when land for an off-

site retention area is very expensive.  It, therefore, makes sense to exhaust other LID solutions before 

construction an underground storage system. 

The addition of native landscaping around the parking area can be helpful because native plants can better 

tolerate the drought or flooding regimes of the locale.  Also, irrigation needs would be less and few 

pesticides are needed.  Local wildlife will also appreciate native species as well.  It should be noted that a 

rain garden can be installed as well with its associated plant list, however it may be dry too much of the 

time for the garden to be viable. 
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Cost and Feasibility 

The church parking lot pavement is approximately 0.30 acres, which is about 13,000 square feet.  Pervious 

pavement runs about $10 to $15 per square feet, resulting in a cost of $130,000 to $195,000 for the entire 

area.  As noted earlier, the lot can be incrementally improved with the areas needing replacement done 

when needed.  Also, the church can try various applications to see which type of pervious pavement works 

best for them.   

Trees, at $450 each, are a relatively inexpensive option.  Two trees in the center islands of the parking lot 

may suffice, as most of the parking lot appears to be well vegetated and treed.  This would be only $900. 

The costs to augment the bio-swales are hard to determine without a more detailed study.  The current 

storage capacity may be sufficient for most storm events, and it may not be worth additional storage 

unless it overflows frequently.  Cost estimates for swales run from $3 to $10 per cubic foot, so the cost of 

additional storage is not prohibitive, assuming the area is available.  Reinstalling vegetation would be an 

additional expense.   

Subsurface retention is an expensive option with EPA estimates ranging from$20,000 to $482,000 per 

acre, depending on the system installed and local conditions.  To install for the entire 0.30-acre lot would 

be between $6,000 to over $144,000, but smaller subsurface retention areas to augment the existing bio-

swale system is a more viable option.  It is not known how effective the lower end systems are, but it 

could be added when the pervious pavements are installed. 

The addition of native landscaping for this site would be limited to the perimeter and perhaps the center 

islands, and therefore, would be a minimal cost.  If this application was applied to a quarter of the lot, this 

cost would less than $500 for less than a tenth of an acre.    
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Appendices 

Appendix 1- Funding Opportunities 
For funding opportunities, the Town should look to the Florida Department of Environmental Protection’s 

Florida Adaptation Planning Guidebook.  This Guidebook contains many Florida grant opportunities at 

non-profit, private, local, state, and federal levels.  This is not an exhaustive list, but it is a great resource 

to discover grants to fund projects in the Town of Melbourne Beach.  The Town can utilize this list to find 

applicable grants to implement the site plans listed out in this document. For the entire Florida Adaptation 

Planning Guidebook go to: https://floridadep.gov/sites/default/files/AdaptationPlanningGuidebook.pdf 

Another resource for the Town is to utilize the list of grants from the Guidelines for Sustainability Actions 

document create for the Town of Melbourne Beach. To see this document, please contact Town staff. 

 

 

 

 

 

 

 

 

 

 

 

https://floridadep.gov/sites/default/files/AdaptationPlanningGuidebook.pdf
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	Executive Summary 
	In 2019, the Florida Department of Environmental Protection’s Florida Coastal Management Program (FCMP) and the National Oceanic and Atmospheric Administration (NOAA) awarded The Town of Melbourne Beach a grant to research case studies of three similar coastal communities utilizing green infrastructure and deduce how the Town could improve stormwater management, improve water quality, and provide recreational/aesthetic amenities through such approaches in light of future climate conditions such as sea level
	• Case Study Research: Examination of three coastal communities that have developed green infrastructure projects, plans, and/or implementation.  An analysis of these communities will inform Melbourne Beach’s direction and strategies.  
	• Case Study Research: Examination of three coastal communities that have developed green infrastructure projects, plans, and/or implementation.  An analysis of these communities will inform Melbourne Beach’s direction and strategies.  
	• Case Study Research: Examination of three coastal communities that have developed green infrastructure projects, plans, and/or implementation.  An analysis of these communities will inform Melbourne Beach’s direction and strategies.  

	• Public Engagement:  Engage the community and stakeholders for case study development, identification of sites in the Town for green infrastructure techniques, and any recommendations, constraints, and potential solutions.   
	• Public Engagement:  Engage the community and stakeholders for case study development, identification of sites in the Town for green infrastructure techniques, and any recommendations, constraints, and potential solutions.   

	• Green Infrastructure Adaptation Plan:  Create a plan for potential projects, project locations, renderings, strategies, potential constraints, and next steps that the Town can implement.  
	• Green Infrastructure Adaptation Plan:  Create a plan for potential projects, project locations, renderings, strategies, potential constraints, and next steps that the Town can implement.  


	This document provides the following: case study analysis of three communities; the process and findings from the public engagement activities; green infrastructure and low impact development techniques to be considered by the Town for implementation; and site specific plans for locations within the Town limits that illustrate green infrastructure techniques that Town staff can advance.  
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	Figure 1: Dune on the Ocean in Melbourne Beach 
	Figure 1: Dune on the Ocean in Melbourne Beach 
	Figure

	Background 
	Communities across Florida are encountering a multitude of increasing flood hazards, especially low-lying coastal communities.  The Town of Melbourne Beach, Florida located in Brevard County, is a barrier island with water bodies on two sides.  The Town is situated on the Atlantic Ocean to the east and the Indian River Lagoon to the west, which makes flooding a historic problem for the residents and Town.  Hazards that impact the Town include storm surge, sea level rise, and coastal flooding that pose risks
	Figure 2: Map displaying Brevard County and Melbourne Beach Location in FL 
	Figure 2: Map displaying Brevard County and Melbourne Beach Location in FL 
	Figure

	Figure
	 
	Project Goals 
	The overarching goal of this Green Infrastructure Adaptation Plan is to address flooding concerns through proactive implementation of green infrastructure to augment the current stormwater system, improve water quality, and provide bike and pedestrian amenities.  
	Between August 2019 and April 2020, Town Staff, along with staff from East Central Florida Regional Planning Council worked together with the community to fulfill the following project goals: 
	• Case Study Research: Examination of three coastal communities that have developed green infrastructure projects, plans, and/or implementation.  An analysis of these communities will inform Melbourne Beach’s needs.  
	• Case Study Research: Examination of three coastal communities that have developed green infrastructure projects, plans, and/or implementation.  An analysis of these communities will inform Melbourne Beach’s needs.  
	• Case Study Research: Examination of three coastal communities that have developed green infrastructure projects, plans, and/or implementation.  An analysis of these communities will inform Melbourne Beach’s needs.  

	• Public Engagement:  Engage the community and stakeholders for case study development, identification of sites in the Town for green infrastructure techniques, and any recommendations, constraints, and potential solutions.   
	• Public Engagement:  Engage the community and stakeholders for case study development, identification of sites in the Town for green infrastructure techniques, and any recommendations, constraints, and potential solutions.   

	• Green Infrastructure Adaptation Plan:  Create a plan for recommendations for potential projects, project locations, renderings, strategies, potential constraints, and next steps that the Town can implement.  
	• Green Infrastructure Adaptation Plan:  Create a plan for recommendations for potential projects, project locations, renderings, strategies, potential constraints, and next steps that the Town can implement.  
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	.  In order to accomplish this, maps, data, and analysis were provided identifying at-risk coastal areas that currently experience, or have historically experienced flooding and coastal inundation.  Within these areas, public and private resources that are at risk of being inundated were identified.  This resiliency study is in response to Senate Bill 1094, state legislation passed in 2015 that directed coastal cities to address climate-related vulnerabilities. The law requires coastal local governments in 

	As a part of the Vulnerability Assessment, two public meetings were held to solicit input from residents.  The first meeting was educational and asked residents what actions they thought were needed in Melbourne Beach to address resiliency.  The second public meeting brought more specific information about the Town’s vulnerabilities identified in the analysis for the residents to react to and make comments.  Both meetings included presentations from area experts and posters of findings that the residents co
	Figure 3: Regional Approach to Sea Level Rise Projections 
	Figure 3: Regional Approach to Sea Level Rise Projections 
	Figure

	After existing vulnerabilities were noted, an assessment of future impacts due to sea level rise was conducted and maps were developed showing storm surge areas and areas subject to sea level rise and flooding.  Impacts to roadways and Town facilities are shown in these analyses including the demographic composition and parcel analysis.  The vulnerability analysis assessed the economic and functional exposures posed to Melbourne Beach from five identified hazards; storm surge, flooding. Sea level rise, nuis
	Melbourne Beach Vulnerability Assessment 
	Melbourne Beach Vulnerability Assessment 
	The Town of Melbourne Beach was awarded a grant from FDEP to assist in the preparation for comprehensive plan amendments to the Coastal Management Element for the Melbourne Beach Comprehensive Plan and the Evaluation and Appraisal Report (EAR). This report was completed in February of 2019 and can be found at 
	The Town of Melbourne Beach was awarded a grant from FDEP to assist in the preparation for comprehensive plan amendments to the Coastal Management Element for the Melbourne Beach Comprehensive Plan and the Evaluation and Appraisal Report (EAR). This report was completed in February of 2019 and can be found at 
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	Vulnerability Summary 
	Overall, the Town of Melbourne Beach has a relatively low exposure of critical facilities to natural hazards, as compared to more urbanized areas.  The dunes along the ocean protect the Town from impacts from the ocean and, while rising waters from the lagoon will impact residents in the long term, critical facilities will not experience impacts until after the 2070 timeframe.  Impacts to critical facilities in Melbourne Beach are not immediate from sea level rise or nuisance flooding.  The tipping point fo
	The benefit of having a Vulnerability Assessment completed before the Green Infrastructure Adaptation Plan is primarily the level of information available as a starting point.  The Vulnerability Assessment provides a basis of information since the vulnerabilities to the Town are analyzed and known by Town staff and ECFRPC. The current and future areas that are vulnerable can benefit from green infrastructure and low impact development actions that will lessen the vulnerability from sea level rise and hurric
	 
	  
	Figure
	Figure 4: Map from Vulnerability Assessment, Storm Surge Zones & Critical Facilities 
	Planning Process 
	Case Study Research 
	Case Study 1 - Bethany Beach, Delaware 
	Community Overview 
	Bethany Beach, DE is a small coastal Town of ±1.2 square miles lying directly on the Atlantic Ocean, just south of Rehoboth Bay.  According to 2017 data from the U.S. Census, this tourism-centered seasonal resort Town has a year-round population of 1,202, which swells to more than 15,000 persons in the summer (Wikipedia, 2019). 
	Green Infrastructure Planning and Improvements 
	The Town of Bethany Beach sits directly on the Atlantic Ocean with little to no barrier to protect from flooding and erosion.  Despite a $20,000,000 beach renourishment project in 2008 and 2009, subsequent hits from Tropical Storm Ida in 2009 and other major storms in 2015 and 2016 decimated the Town’s dunes.  With the exception of its beach dunes, the majority of the Town’s elevation is near sea level.  Past beach erosion and the destruction of coastal dunes led to serious flooding problems.  Traditionally
	In 2019, the Town became a part of a multi-jurisdiction project led by infrastructure engineering firm AEOCM, which culminated in the creation of a report, Coastal Delaware Best Management Practices (BMP) Guide 2019- A Resilient Communities Partnership Project.  The Town has implemented several projects recommended from this study to deal with stormwater issues.  Among these projects are: repaving 12 blocks of major roadway with permeable pavement to help with the absorption of stormwater; the purchase and 
	Lessons for Town of Melbourne Beach 
	Although the Town of Melbourne Beach lacks the amount of open space of Bethany Beach due to being nearly built-out, the examples from this case study could be adapted to Melbourne Beach in a way that is most beneficial.  For example, demonstration projects within Ryckman Park and other Town-owned properties to create more recreational amenities. Ryckman Park, with its central location and heavy usage, could demonstrate how green infrastructure not only deals with handling stormwater, but augments the park’s
	 
	Case Study 2 - North Kingston, Rhode Island 
	Community Overview 
	The Town of North Kingstown, RI is a coastal jurisdiction in Washington County, RI.  It is located on Narragansett Bay and Wickford Cove to the east and Block Island Sound to the south.  The Town has an 
	area of ±58.3 square miles, of which ±14.7 square miles is water (Wikipedia, 2020).  According to the U.S. Census Bureau (2015 American Community Survey), the Town has a population of 22,538 persons.  
	Due to its days as a mill Town and its proximity to post-World War II military bases, North Kingstown and its surrounding area have always had an economy highly dependent on water-based uses.  However, with sea level rise, this economic engine is being threatened in North Kingstown.  One prime example is the parking lot serving the historic Wickford Village, a very popular mixed-use retail and residential area that comprises a primary part of the Town’s economy.  However, this parking lot is located on the 
	Green Infrastructure Planning and Improvements 
	In 2015, following earlier studies on sea-level rise and its impacts, the Town partnered with the University of Rhode Island, Rhode Island Sea Grant (RISG), and the Green Infrastructure and Resilient Infrastructure Program (GRIP) to determine how green infrastructure could be used to make the Town more resilient to the impacts of sea-level rise.  The project started with a walking tour of Wickford Village with over 50 business owners and residents.  This activity led to the focus on creating a better connec
	Lessons for Town of Melbourne Beach 
	The Town of Melbourne Beach has followed in the direction of North Kingstown, RI by engaging Town residents in how to best upgrade Town infrastructure with green engineering practices to best deal with sea-level rise.  The examples cited for the Wickford Village municipal parking lot may be applicable to Melbourne Beach’s parking lot adjacent to the ocean. The Town can also emulate North Kingstown’s example by creating a Master Plan, and then incrementally execute small green infrastructure projects within 
	 
	Case Study 3 – Punta Gorda, Florida 
	Community Overview  
	The City of Punta Gorda, FL is a small coastal Town located in Charlotte County, FL at confluence of the Peace River and Charlotte Harbor.  The northeast side of the City is on the Peace River, while the northwest and western sides of the city are on Charlotte Harbor.  Charlotte Harbor enters the Gulf of Mexico to the southwest of Punta Gorda at Boca Grande Pass.  According to 2019 data from the U.S. Census Bureau (American Community Survey, 2019), Punta Gorda has an estimated population of ±19,123 persons.
	city has an area of ±21 square miles, of which ±15 square miles are dry land (Wikipedia, 2020).  The City’s economy was historically based upon the railroad, the phosphate industry, and fishing.  Today, the railroad and phosphate have less of an impact on the Town, but fishing (mostly recreational, but some commercial), ecotourism, and the service industry serving local retirees are the center of the City’s economy.  Since the 1950’s, subdivision development in the western area of the community catering to 
	Green Infrastructure Planning and Improvements 
	In 2004, Punta Gorda took a direct hit from Hurricane Charley, a Category 4 storm, as it entered Charlotte Harbor and traveled up the Florida peninsula along the Peace River.  Although the main impacts from this storm were mainly due to wind damage, the storm focused the City’s attention on sea-level rise and sustainability.  Hurricane Charley and its destruction were the genesis for the creation of the 2009 Climate Change Adaptation Plan (Plan), prepared in conjunction with the Southwest Florida Regional P
	Since the adaptation of the Plan, the City concentrated on public works projects implementing the goals of the Plan.  These projects include: 
	• relocation of Public Works facility inland to a less flood-prone area; 
	• relocation of Public Works facility inland to a less flood-prone area; 
	• relocation of Public Works facility inland to a less flood-prone area; 

	• adoption of a fertilizer ordinance with standards stricter than the State that has decreased levels of nutrients in the canal system since implementation; 
	• adoption of a fertilizer ordinance with standards stricter than the State that has decreased levels of nutrients in the canal system since implementation; 

	• buyout of properties with recurring flood damage for use as passive public spaces; 
	• buyout of properties with recurring flood damage for use as passive public spaces; 

	• construction of a new Emergency Management Center to higher standards after destruction of the previous one by Hurricane Charley; 
	• construction of a new Emergency Management Center to higher standards after destruction of the previous one by Hurricane Charley; 

	•  improvements to local building codes that mandate higher base flood elevations for the lowest floors of buildings; 
	•  improvements to local building codes that mandate higher base flood elevations for the lowest floors of buildings; 

	• use of pervious pavement on roads and sidewalks; 
	• use of pervious pavement on roads and sidewalks; 

	• increase of sea grass acreage from 247 acres to 391 acres;  
	• increase of sea grass acreage from 247 acres to 391 acres;  

	• reducing tidal flooding with upgrades to the City’s stormwater management system, including installing tidal flex valves in historic downtown. 
	• reducing tidal flooding with upgrades to the City’s stormwater management system, including installing tidal flex valves in historic downtown. 


	 
	Lessons for Town of Melbourne Beach 
	The Town of Melbourne Beach can learn from the projects accomplished by the City of Punta Gorda.  Particularly, the use of pervious pavement for roads and sidewalks; stricter construction standards and use of increased base flood elevation for the lowest floor of structures; and a buyout program converting properties with structures with repetitive flood claims into passive public spaces, particularly with green drainage features. 
	 
	Please visit the project page 
	Please visit the project page 
	https://www.perilofflood.net/melbournebeach
	https://www.perilofflood.net/melbournebeach

	 for the full Case Study Report. 

	Stakeholder Engagement 
	The Town of Melbourne Beach engaged the public throughout the “Opportunities for Green Infrastructure” project process. Outreach included two meetings, a Stakeholder Workshop with a walking tour, and a Public Meeting.  Both meetings utilized social media and the Town’s website to advertise the meetings.  Additionally, a newspaper article was printed for the Public Meeting to invite locals.  The meetings were both held at the Town’s Community Center. 
	The first workshop was the Stakeholder Workshop that took place on December 5, 2019 and included personnel from Florida Department of Transportation (FDOT), Town of Indialantic, Space Coast Transportation Planning Organization (SCTPO), Florida Department of Environmental Protection (FDEP), The University of Florida Institute of Food and Agricultural Sciences (UF/IFAS) Brevard Extension, Brevard County, Florida Department of Economic Opportunity (FDEO), Indian River Lagoon (IRL) Council, St. John’s River Wat
	Figure
	Figure 5: Stakeholder Walking Tour Route 
	Figure 5: Stakeholder Walking Tour Route 
	Figure

	The walking tour included Ocean Avenue, the historic parking lot on Ocean Avenue that is owned by the church, the beach parking lot, Sunset Boulevard, Riverside Drive and other neighborhood streets.   The information, strategies and project ideas garnered from the stakeholders and other professionals, including Town personnel, was very insightful and help guide the recommendations in this report.   
	The second meeting was the Public Workshop that took place on March 10, 2020.  The meeting included a presentation of the project, the draft case studies, and a poster display of potential sites, green infrastructure techniques, and renderings for residents to comment.  Renderings for improvements to three areas were discussed: the Beach Parking Lot, Ocean Avenue, and Sunset Boulevard.  Residents had the opportunity to comment on any identified potential sites and propose any additional sites too.  
	Summary/Conclusion: 
	After the Stakeholder Meeting Walking Tour, there were several sites identified that would be appropriate for green infrastructure actions or demonstrations.  Discussion and notes from the Stakeholder Workshop helped guide the draft renderings for the Public Workshop.  At the Public Workshop, staff received additional ideas for previously identified sites and other potential sites in the Town that could benefit from green infrastructure techniques. The outlined sites, recommendations, and obstacles/constrai
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	Figure 6: Stakeholder Walking Tour Group in Beach Parking Lot 
	Figure 6: Stakeholder Walking Tour Group in Beach Parking Lot 
	Figure

	 
	 
	Please visit the project page 
	Please visit the project page 
	https://www.perilofflood.net/melbournebeach
	https://www.perilofflood.net/melbournebeach

	 for the full Stakeholder Engagement Report. 

	 
	 
	 
	Green Infrastructure and Low Impact Development  
	Green infrastructure is a cost effective, resilient approach to managing wet weather impact that provides many community benefits.  It focuses on low impact development techniques that emphases conservation and use of on-site natural features to protect water quality and manages stormwater effectively.  Low Impact Development (LID) is a term used to describe a land planning and engineering design approach to managing stormwater runoff.  LID emphasizes conservation and use of on-site natural features to prot
	In Melbourne Beach, green infrastructure and low impact development are best applied to retrofitting and improving existing developments since the Town is mostly built-out. Many of the areas identified for green infrastructure are impacted by pollutants that are often generated by residents and visitors.  Residents take care of their homes with chemical such as fertilizers, pesticides and other household products that can negatively impact the waterways that make Melbourne Beach such a great place to live. 
	• Motor Oil – Many cars have minimal or significant oil leaks that occur when the vehicle is turned off and is stationary. 
	• Motor Oil – Many cars have minimal or significant oil leaks that occur when the vehicle is turned off and is stationary. 
	• Motor Oil – Many cars have minimal or significant oil leaks that occur when the vehicle is turned off and is stationary. 

	• Grease– Car grease is used to lubricate and protect gears and other mechanical parts of vehicles and cannot be absorbed by parking lot surfaces. 
	• Grease– Car grease is used to lubricate and protect gears and other mechanical parts of vehicles and cannot be absorbed by parking lot surfaces. 

	• Gasoline – Polycyclic aromatic hydrocarbons (PAHs) are found in combustion byproduct of gasoline and also in the tar-based sealants used to pave or protect parking lots. 
	• Gasoline – Polycyclic aromatic hydrocarbons (PAHs) are found in combustion byproduct of gasoline and also in the tar-based sealants used to pave or protect parking lots. 

	• Heavy Metals– These metals accumulate from car batteries and airborne fumes. 
	• Heavy Metals– These metals accumulate from car batteries and airborne fumes. 

	• Sediment– Sediment is a natural material found on parking lot surfaces that become broken down by weathering and erosion. 
	• Sediment– Sediment is a natural material found on parking lot surfaces that become broken down by weathering and erosion. 

	• Fertilizers and Pesticides – These are toxic materials used in landscaping and gardening services, in and around businesses and residential properties and carried in by vehicle tires and rainwater. 
	• Fertilizers and Pesticides – These are toxic materials used in landscaping and gardening services, in and around businesses and residential properties and carried in by vehicle tires and rainwater. 

	• Trash – Parking lots are often full of trash, carried in from both inconsiderate parking lot users and from natural weather occurrences, such as high winds and heavy rains. 
	• Trash – Parking lots are often full of trash, carried in from both inconsiderate parking lot users and from natural weather occurrences, such as high winds and heavy rains. 


	 
	The following strategies are options intended to address specific needs identified in Melbourne Beach.  Each location has its specific issues that can be addressed through various items on the list of green infrastructure options. 
	 
	 
	 
	 
	Green Infrastructure and LID Matrix 
	 
	 
	 
	 
	 
	 

	Strategy 
	Strategy 

	Description 
	Description 

	Estimated Cost 
	Estimated Cost 



	1 
	1 
	1 
	1 

	 
	 
	 Permeable Pavement & Green Parking 
	 Permeable Pavement & Green Parking 
	 Permeable Pavement & Green Parking 
	 Permeable Pavement & Green Parking 



	 

	Permeable pavement allows rainwater to be treated and absorbed on-site, reducing the load on a jurisdiction’s stormwater system. This is a very prominent feature of low impact development. 
	Permeable pavement allows rainwater to be treated and absorbed on-site, reducing the load on a jurisdiction’s stormwater system. This is a very prominent feature of low impact development. 

	$10 - $15 per sq. ft. 
	$10 - $15 per sq. ft. 


	2 
	2 
	2 

	 
	 
	Figure
	TH
	Figure

	Source: Cilisos 
	Rain Gardens, Down Spouts & Harvesting 
	Rain Gardens, Down Spouts & Harvesting 
	Rain Gardens, Down Spouts & Harvesting 
	Rain Gardens, Down Spouts & Harvesting 



	 

	These three strategies work cohesively to treat water on site. Downspouts ($50) funnel rainwater that fall on a structure’s roof into rain gardens (prices vary) or barrels ($70) on the building’s exterior. This strategy is highly feasible where rain water is plentiful. Rain gardens absorb nutrients and pollutants prior to release of water into larger water bodies like the Indian River Lagoon. 
	These three strategies work cohesively to treat water on site. Downspouts ($50) funnel rainwater that fall on a structure’s roof into rain gardens (prices vary) or barrels ($70) on the building’s exterior. This strategy is highly feasible where rain water is plentiful. Rain gardens absorb nutrients and pollutants prior to release of water into larger water bodies like the Indian River Lagoon. 

	$3-4 per sq. ft. (residential)  $10 - $40 per sq. ft. (commercial) 
	$3-4 per sq. ft. (residential)  $10 - $40 per sq. ft. (commercial) 
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	3 
	3 

	 
	 
	 Trees for Stormwater Retention 
	 Trees for Stormwater Retention 
	 Trees for Stormwater Retention 
	 Trees for Stormwater Retention 
	Figure



	 

	Trees can hold rainwater on their leaves and branches.  The root systems keep the soil penetrable, allowing rainwater to easily infiltrate it into the ground, absorb it through root systems and evapotranspire it to the atmosphere. They can be used in conjunction with engineered soils and other types of green infrastructure and work best when they’re mature (and so are not a quick fix to stormwater issues).  It does speak to the need to keep trees throughout the development process whenever possible. 
	Trees can hold rainwater on their leaves and branches.  The root systems keep the soil penetrable, allowing rainwater to easily infiltrate it into the ground, absorb it through root systems and evapotranspire it to the atmosphere. They can be used in conjunction with engineered soils and other types of green infrastructure and work best when they’re mature (and so are not a quick fix to stormwater issues).  It does speak to the need to keep trees throughout the development process whenever possible. 

	$250/each saves 169-449 gallons/year 
	$250/each saves 169-449 gallons/year 
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	4 
	4 
	4 
	4 

	 Green Streets (Bio-Retention) 
	 Green Streets (Bio-Retention) 
	Figure

	Green streets combine bio-retention, swales, planters and other green features with the elements of complete streets to enhance aesthetics and on-site water retention. Green streets also commonly include bicycle and pedestrian infrastructure that improves safety.  
	Green streets combine bio-retention, swales, planters and other green features with the elements of complete streets to enhance aesthetics and on-site water retention. Green streets also commonly include bicycle and pedestrian infrastructure that improves safety.  

	$44 per sq. ft. of managed impervious area  
	$44 per sq. ft. of managed impervious area  
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	5 
	5 

	 
	 
	Cistern 
	Cistern 
	Cistern 
	Cistern 
	Figure



	 

	Cisterns are storage tanks for rainfall that has been collected from a roof or some other catchment area. Although usually located underground, cisterns may be placed at ground level or on elevated stands either outdoors or within buildings. Rain barrels can be utilized as a smaller scale storage solution ($70). Water can be used for any non-consumptive use like landscaping. 
	Cisterns are storage tanks for rainfall that has been collected from a roof or some other catchment area. Although usually located underground, cisterns may be placed at ground level or on elevated stands either outdoors or within buildings. Rain barrels can be utilized as a smaller scale storage solution ($70). Water can be used for any non-consumptive use like landscaping. 

	$500-$10,000/ each (dependent on size) 
	$500-$10,000/ each (dependent on size) 


	6 
	6 
	6 

	 
	 
	Figure
	 Lagoon Friendly Yards 
	 Lagoon Friendly Yards 
	 Lagoon Friendly Yards 
	 Lagoon Friendly Yards 



	 

	These yards minimize pollution through active filtering of rainwater, reduce stormwater runoff, minimize nutrient inputs, restore the ecosystem, and beautify the landscape. These can be implemented individually or through tools such as fertilizer/ yard ordinances.   
	These yards minimize pollution through active filtering of rainwater, reduce stormwater runoff, minimize nutrient inputs, restore the ecosystem, and beautify the landscape. These can be implemented individually or through tools such as fertilizer/ yard ordinances.   

	$1.30 - $4.50 per sq. ft. 
	$1.30 - $4.50 per sq. ft. 




	7 
	7 
	7 
	7 
	7 

	 
	 
	Figure
	Bio-Swale 
	Bio-Swale 
	Bio-Swale 
	Bio-Swale 
	Figure



	 

	Bio-swales are landscape features that capture and infiltrate runoff and can also remove its pollutants. They are depressed catchment areas planted with vegetation, similar to a rain garden, and are usually used along transportation corridors or parking lots. 
	Bio-swales are landscape features that capture and infiltrate runoff and can also remove its pollutants. They are depressed catchment areas planted with vegetation, similar to a rain garden, and are usually used along transportation corridors or parking lots. 

	$3-$10 per cu. ft. 
	$3-$10 per cu. ft. 


	8 
	8 
	8 

	 
	 
	Green / Eco-roof Systems 
	Green / Eco-roof Systems 
	Green / Eco-roof Systems 
	Green / Eco-roof Systems 
	Source:  Boston Magazine 
	Source:  Boston Magazine 

	Figure



	 

	Green / Eco-roofs are either partially or completely planted with vegetation growing in soil (or a growing medium) to hold rainwater.  These systems can significantly reduce the rate and quantity of runoff from a roof and provide buildings with thermal insulation and improved aesthetics. 
	Green / Eco-roofs are either partially or completely planted with vegetation growing in soil (or a growing medium) to hold rainwater.  These systems can significantly reduce the rate and quantity of runoff from a roof and provide buildings with thermal insulation and improved aesthetics. 

	$8-$25 per sq. ft. 
	$8-$25 per sq. ft. 
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	9 
	9 

	 
	 
	 
	Living Shorelines 
	Figure
	 

	A vegetated shoreline that utilizes local plants with the purpose of dissipating erosive wave energy, filtering out toxins from water draining into the lagoon and supporting coastal marine ecosystems. Many types of living shorelines exist, including salt marshes, mangroves, oyster reefs, and other vegetative systems that utilize robust local species.  Often times, a mix of strategies are used. These low-cost systems provide an alternative to seawalls and work best in low-wake zones.  
	A vegetated shoreline that utilizes local plants with the purpose of dissipating erosive wave energy, filtering out toxins from water draining into the lagoon and supporting coastal marine ecosystems. Many types of living shorelines exist, including salt marshes, mangroves, oyster reefs, and other vegetative systems that utilize robust local species.  Often times, a mix of strategies are used. These low-cost systems provide an alternative to seawalls and work best in low-wake zones.  

	$1.30 - $4.50 per sq. ft. 
	$1.30 - $4.50 per sq. ft. 
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	10 
	10 
	10 
	10 

	 
	 
	Habitat Restoration 
	Habitat Restoration 
	Habitat Restoration 
	Habitat Restoration 
	Figure



	 

	Restoration of dunes, wetlands and marshlands can improve water quality and the health of ecosystems, provide recreational and philanthropic opportunities, and buffer property from water velocity and erosion. Groups such as the Surfrider Foundation volunteer to do this kind of work in other locations around the State of Florida. 
	Restoration of dunes, wetlands and marshlands can improve water quality and the health of ecosystems, provide recreational and philanthropic opportunities, and buffer property from water velocity and erosion. Groups such as the Surfrider Foundation volunteer to do this kind of work in other locations around the State of Florida. 

	Variable, depending on habitat and area. Volunteers recommended. 
	Variable, depending on habitat and area. Volunteers recommended. 
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	Passive Recreation (Pedestrian Walk/Bike Trail) 
	Passive Recreation (Pedestrian Walk/Bike Trail) 
	Passive Recreation (Pedestrian Walk/Bike Trail) 
	Passive Recreation (Pedestrian Walk/Bike Trail) 
	Figure



	 

	A passive recreation area is generally an undeveloped space or environmentally sensitive area that requires minimal development.  It offers constructive, restorative, and pleasurable human benefits and fosters appreciation and understanding of open space and its purpose.  
	A passive recreation area is generally an undeveloped space or environmentally sensitive area that requires minimal development.  It offers constructive, restorative, and pleasurable human benefits and fosters appreciation and understanding of open space and its purpose.  

	$200,000 - $500,000/mile 
	$200,000 - $500,000/mile 
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	Curb less or Curb Cut Parking/Lanes/Islands 
	Curb less or Curb Cut Parking/Lanes/Islands 
	Curb less or Curb Cut Parking/Lanes/Islands 
	Curb less or Curb Cut Parking/Lanes/Islands 
	Figure



	 

	Curb cuts are openings created in a curb to allow stormwater from an impervious surface, such as roads, parking lots, or hardscape areas, to flow into a lower landscaped storage and infiltration area and eventually an overflow drain. No curb allows for even more free flow of stormwater. 
	Curb cuts are openings created in a curb to allow stormwater from an impervious surface, such as roads, parking lots, or hardscape areas, to flow into a lower landscaped storage and infiltration area and eventually an overflow drain. No curb allows for even more free flow of stormwater. 

	Dependent on Concrete Company. Example: If you are doing two 2-foot curb cuts, the price is $450, or $225 per cut. From there, the price goes up by $100 for each additional curb cut at the same location. (three curb cuts at one location would be $550, or $183.33 per cut). 
	Dependent on Concrete Company. Example: If you are doing two 2-foot curb cuts, the price is $450, or $225 per cut. From there, the price goes up by $100 for each additional curb cut at the same location. (three curb cuts at one location would be $550, or $183.33 per cut). 
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	13 
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	Figure
	Subsurface Retention Facilities 
	Subsurface Retention Facilities 
	Subsurface Retention Facilities 
	Subsurface Retention Facilities 
	Figure



	 

	Typically constructed below parking lots (either permeable or impervious) and can be built to any depth to retain, filter, infiltrate, and alter the runoff volume and timing. Subsurface facilities can provide a considerable amount of runoff storage. 
	Typically constructed below parking lots (either permeable or impervious) and can be built to any depth to retain, filter, infiltrate, and alter the runoff volume and timing. Subsurface facilities can provide a considerable amount of runoff storage. 

	Costs are typically higher than conventional paving systems; however, they help reduce the overall storm water infrastructure costs because the land required for stormwater ponds is reduced. 
	Costs are typically higher than conventional paving systems; however, they help reduce the overall storm water infrastructure costs because the land required for stormwater ponds is reduced. 
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	 Native Landscaping 
	 Native Landscaping 

	Native landscaping (also known as conservation landscaping) is the use of native plant species that can tolerate the drought and flooding cycles of an area. Native plants are those that evolved in a particular area and are adapted to local climate conditions.  With native landscaping there is less need for irrigation and use of pesticides, which contributes to water conservation and improvement of water quality.  Native landscaping also supports native wildlife. 
	Native landscaping (also known as conservation landscaping) is the use of native plant species that can tolerate the drought and flooding cycles of an area. Native plants are those that evolved in a particular area and are adapted to local climate conditions.  With native landscaping there is less need for irrigation and use of pesticides, which contributes to water conservation and improvement of water quality.  Native landscaping also supports native wildlife. 

	$3,400-$5,975 per acre 
	$3,400-$5,975 per acre 





	Document
	P
	https://a37a849c-d81f-4fdf-8d3e-9fcd452fd4a1.filesusr.com/ugd/4c4fbd_3d83a09d28074717bbd6fd75c9925900.pdf
	https://a37a849c-d81f-4fdf-8d3e-9fcd452fd4a1.filesusr.com/ugd/4c4fbd_3d83a09d28074717bbd6fd75c9925900.pdf

	. 

	Guillette, Anne. “Low Impact Development Technologies” WBDG, 11 Mar. 2016, 
	Guillette, Anne. “Low Impact Development Technologies” WBDG, 11 Mar. 2016, 
	www.wbdg.org/resources/low-impact-development-technologies
	www.wbdg.org/resources/low-impact-development-technologies

	. 

	Lancaster, Brad. “Curb-Cut & Curb-Core Costs.” Rainwater Harvesting for Drylands and Beyond, www.harvestingrainwater.com/street-runoff-harvesting/curb-cut-curb-core-costs/. 
	Milwaukee Metropolitan Sewerage District. Fresh Coast Green Solutions: Weaving Milwaukee's Green & Grey Infrastructure for a Sustainable Future. 2013, www.mmsd.com/application/files/8514/8779/6598/SustainBookletweb1209.pdf. 
	“Understanding Active & Passive Recreational Uses – Part 1.” City MTB, www.citymtb.org/home/understanding-active-passive-recreational-uses-part-1. 

	 
	 
	 
	 
	References for Green Infrastructure and LID Matrix 
	East Central Florida Regional Planning Council, and City of Titusville. Resilient Titusville. 2020, 
	East Central Florida Regional Planning Council, and City of Titusville. Resilient Titusville. 2020, 


	Sites for Green Infrastructure 
	Sites for Green Infrastructure 

	The following sites were chosen for implementation of green infrastructure and low impact development in order to improve water quality, stormwater management, and recreational amenities.  The Town of Melbourne Beach is not limited to improvement only on these sites; however, they were chosen as the most optimal spaces based on case study research, stakeholder input, and Town and ECFRPC staff discussion for further in-depth analysis.  
	The following sites were chosen for implementation of green infrastructure and low impact development in order to improve water quality, stormwater management, and recreational amenities.  The Town of Melbourne Beach is not limited to improvement only on these sites; however, they were chosen as the most optimal spaces based on case study research, stakeholder input, and Town and ECFRPC staff discussion for further in-depth analysis.  
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	Figure 7: Sites for Green Infrastructure Opportunities in Melbourne Beach 
	Figure 7: Sites for Green Infrastructure Opportunities in Melbourne Beach 
	Figure 7: Sites for Green Infrastructure Opportunities in Melbourne Beach 
	Figure

	1) Beach Parking Lot on Ocean Ave/A1A 
	The beach parking lot at the corner of Ocean Avenue and A1A is one of the major public parking lots for residents and visitors to access the beach near downtown.  The lot is about 0.6 acres and ranges from 15 feet above sea level near the entrance to 14 feet above sea level toward the north end of the lot.  Immediately to the west is the parking lot for the Town’s primary strip shopping center, which is separated from the beach parking lot by a 12-foot-wide green strip with knee high posts to prevent cars f
	Figure 8: Beach Parking Lot with Standing Water 
	Figure 8: Beach Parking Lot with Standing Water 
	Figure

	Figure

	Issue 
	Issue 
	Issue 
	This heavily used parking lot experiences flooding during rain events and standing water that does not drain well in several areas.  This effectively lessens the available parking until certain areas drain.  Runoff from the lot can flow into adjacent properties and accumulate in the lot.  Furthermore, pollutants from vehicle can be untreated before it flows into nearby water bodies.  These can include motor oil, grease, gasoline, heavy metals, sediment, fertilizer and pesticides and trash.   
	Additionally, parking lots, especially asphalt lots, absorb radiation from the sun and create an urban heat island effect, resulting in a dramatic increase in daily temperatures in urban areas. 
	Green Infrastructure Matrix Techniques 
	The following green infrastructure techniques are derived from the Green Infrastructure and LID Matrix for this site. Please refer back to this matrix if clarification on techniques is needed. 

	Matrix # 
	Matrix # 
	Matrix # 
	Matrix # 
	Matrix # 

	Technique 
	Technique 

	Description 
	Description 



	1) 
	1) 
	1) 
	1) 

	Permeable Pavement  
	Permeable Pavement  

	Allows rainwater to percolate into the soil while still providing a durable surface.  It would also allow pollutants from vehicles to be absorbed into the soil.  The lighter colors would dissipate urban heat effects. 
	Allows rainwater to percolate into the soil while still providing a durable surface.  It would also allow pollutants from vehicles to be absorbed into the soil.  The lighter colors would dissipate urban heat effects. 


	3) 
	3) 
	3) 

	Trees for Stormwater Retention  
	Trees for Stormwater Retention  

	Allows stormwater to better penetrate into the ground.  An additional benefit would arise from the cooling effect, keeping cars from getting very hot from direct sunlight. 
	Allows stormwater to better penetrate into the ground.  An additional benefit would arise from the cooling effect, keeping cars from getting very hot from direct sunlight. 




	12) 
	12) 
	12) 
	12) 
	12) 

	Curb less or curb cut parking/lanes/islands  
	Curb less or curb cut parking/lanes/islands  

	Lets rainwater to flow directly into depressed receiving areas for storage and treatment.  This could be planted with trees for shading and to help infiltration of rainwater into the soil.  
	Lets rainwater to flow directly into depressed receiving areas for storage and treatment.  This could be planted with trees for shading and to help infiltration of rainwater into the soil.  


	13) 
	13) 
	13) 

	Subsurface Retention Facility  
	Subsurface Retention Facility  

	An option to providing larger stormwater ponds.  While this is an effective technique, the cost may not be warranted in this instance.  At just over half an acre, the swales and depressed islands will provide better stormwater attenuation than what currently exists. 
	An option to providing larger stormwater ponds.  While this is an effective technique, the cost may not be warranted in this instance.  At just over half an acre, the swales and depressed islands will provide better stormwater attenuation than what currently exists. 




	 
	Ease of ability (ROI) 
	Permeable pavement or grass pavers would require reconstruction of the parking lot. However, this can be done incrementally; the lower areas with sitting water can be addressed first.  After evaluation, additional areas can be addressed.  Trees can be planted at any time, though if the islands between rows of cars or at the perimeter are added, trees can be added along with other native plants at the time of construction.  The most expensive option would be the subsurface retention facility, and should only
	Cost  
	The adjustments to the median would be a small cost and can be done by the Town’s Public Works Department.  Six curb cuts at the entrance median would be about $750.  Swales along the parking lot range from $3 to $10 per cubic foot so a theoretical 70-foot -long swale along the east perimeter that is 5 feet wide and two feet deep would provide about 420 cubic feet of storage.  The range would be $1,200 to $4,200.  Ten trees within the swales or around the lot would be about $2,500, depending upon the size. 
	Figure 9: Underground stormwater system installation 
	Figure 9: Underground stormwater system installation 

	Figure
	retention areas, the cost would be very competitive.  EPA estimates range from $20,000 to $482,000 per acre, depending on the system installed and local conditions.  
	Figure 10: Draft Rendering of Potential Site Design for Beach Lot 
	Figure 10: Draft Rendering of Potential Site Design for Beach Lot 
	Figure

	Figure
	2) Ocean Avenue Town Properties 
	The area of the Ocean Avenue right-of-way under review for this project is west of Oak Avenue. This area serves as a portion of the downtown, and is the primary civic area of the Town.  This area contains the pier on the Indian River Lagoon, Ryckman Park, City Hall, the Town’s Community Center, the Police and Fire Stations, and the U.S. Post Office.  Ocean Avenue has a wide right-of-way of ±85 feet.  This includes ±25 feet of right-of-way between the outer edge of the sidewalk and the edge of the roadway. 
	Figure
	Issues 
	The Town of Melbourne Beach has an older stormwater system by contemporary public works standards.  It only minimally handles the stormwater needs of the Town, and this will only lead to more future issues as the waters the system must deal with increase through sea level rise.  The Ocean Avenue corridor west of Oak Street is one area of the Town that will bear the brunt of flood water increases, due to the Town’s elevations being highest at the ocean, then sloping downward to the Indian River Lagoon.  Base
	Figure 11: Ocean Avenue Right-of-Way 
	Figure 11: Ocean Avenue Right-of-Way 
	Figure

	Green Infrastructure Matrix Techniques 
	During the walking tour with project stakeholders, two (2) particular areas were discussed as preferred locations for green infrastructure improvements in this area, which were in front of the Town administrative complex and at the intersection of Pine Street and Ocean Avenue, particularly to deal with flooding at the southwest corner of the intersection.  Additionally, the southwest corner of the intersection of Ocean Avenue and Oak Street is a good candidate.  Fortunately, because of the width of the Ocea
	 
	The following green infrastructure techniques are derived from the Green Infrastructure and LID Matrix for this site. Please refer back to this matrix if clarification on techniques is needed. 
	Matrix # 
	Matrix # 
	Matrix # 
	Matrix # 
	Matrix # 

	Technique 
	Technique 

	Description 
	Description 



	1) 
	1) 
	1) 
	1) 

	Permeable Pavement and Green Parking 
	Permeable Pavement and Green Parking 

	Permeable pavement (AKA pavers), in its many forms allows rainwater to be treated and absorbed on-site, reducing the load on a jurisdiction’s stormwater system. 
	Permeable pavement (AKA pavers), in its many forms allows rainwater to be treated and absorbed on-site, reducing the load on a jurisdiction’s stormwater system. 


	3) 
	3) 
	3) 

	Trees for Stormwater Retention 
	Trees for Stormwater Retention 

	Trees (shade) hold and absorb rainwater on their leaves and branches.  Roots keep soil permeable where the water is returned through the root system.  The absorption/return of water is best for mature trees.  
	Trees (shade) hold and absorb rainwater on their leaves and branches.  Roots keep soil permeable where the water is returned through the root system.  The absorption/return of water is best for mature trees.  
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	Preservation of existing trees is important, along with new plantings. 
	Preservation of existing trees is important, along with new plantings. 


	4) 
	4) 
	4) 

	Green Streets (Bio-Retention) 
	Green Streets (Bio-Retention) 

	Green streets combine bio-retention, swales, planters, and other green features with other traditional elements of complete streets to improve on-site water retention and aesthetics.  As a form of complete streets, sidewalks are included, as well as bike lanes in cases where practical. 
	Green streets combine bio-retention, swales, planters, and other green features with other traditional elements of complete streets to improve on-site water retention and aesthetics.  As a form of complete streets, sidewalks are included, as well as bike lanes in cases where practical. 


	7) 
	7) 
	7) 

	Bio-Swales 
	Bio-Swales 

	Bio-swales are depressed catchment areas designed to catch, cleanse, and return runoff water to the soil through the help of appropriate landscaping. 
	Bio-swales are depressed catchment areas designed to catch, cleanse, and return runoff water to the soil through the help of appropriate landscaping. 


	14) 
	14) 
	14) 

	Native Landscaping 
	Native Landscaping 

	Native landscaping is the use of native plants which can tolerate the drought and flood cycles of an area.  Native landscaping requires less irrigation and pesticides. 
	Native landscaping is the use of native plants which can tolerate the drought and flood cycles of an area.  Native landscaping requires less irrigation and pesticides. 




	 
	Permeable pavement and green parking provide a good material for roadway surfaces which, unlike traditional asphalt or concrete, allow runoff to percolate back into the ground directly.  In the Ocean Drive corridor under consideration, one form of this material, pavers, could be used to replace asphalt crosswalks at existing intersection as well as the base area underneath benches.  For later phases of Ocean Drive, the replacement of existing sidewalks and roadway could be replaced with permeable concrete a
	 
	Shade trees should be added to the Ocean Avenue right-of-way in order to assist in the absorption of storm runoff, as well as adding aesthetically to the existing sidewalk, further encouraging bicycle and pedestrian usage.  The reduction in vehicular traffic by increased bicycle-pedestrian activity leads to reduced greenhouse gases in the air.  Trees additionally cleanse pollutants from the air, while producing beneficial oxygen.  Trees should be planted in vacant areas of the right-of-way to provide shade 
	There is enough room to add six (6)- foot wide bike lanes on both sides of Ocean Avenue (element of green streets).  If funding exists, the bike lane portion of the road could be constructed of permeable pavement as some communities are starting to do, further adding to stormwater percolation.   These lanes could also be painted a neutral color such as a light green or blue.  This helps in reducing the urban heat produced from grey pavement while also visually reminding drivers that this area is for bicycli
	to Ocean Avenue.  This notifies motorists that bicyclists are permitted in the roadway (by Florida law), and may be sharing vehicular lanes with motor vehicles. 
	Figure
	Bio-swales should be added to the right-of-way in appropriate locations that are conducive to having stormwater directed to them for filtration and return to the ground.  Bio-swales are known to be a more cost effective and required less maintenance than traditional “grey” engineering practices. In addition to the stormwater treatment function, the native landscaping can also improve the aesthetic quality of streetscapes.   
	Figure 12: Sharrow Markings on Roadway 
	Figure 12: Sharrow Markings on Roadway 

	 
	The Town does maintain landscaping along the Ocean Avenue right-of-way.  The drainage ability of such landscaping could be further enhanced to assist in stormwater management by adding appropriate foliage in strategic areas that currently lack landscaping or use non-lagoon friendly vegetation.  It also improves the aesthetic appearance of barren areas of the right-of-way for pedestrians and bicyclists.  
	 

	Cost and Feasibility 
	Cost and Feasibility 
	The least expensive of the options would be the planting of native landscaping and the planting of trees for stormwater retention.  Lagoon friendly landscaping costs approximately $1.30 to $4.50 per square foot to plant, with minimal maintenance thereafter.  Each stormwater tree (shade tree) costs approximately $250 to plant, plus on-going maintenance. 
	Bio-swales do have the added costs of landscaping to assist in stormwater cleansing and absorption, but also lack some or all of the mechanical equipment required for engineered swales.  Once created, the native landscaping and the retention area need minimal upkeep.  This option is more expensive than the planting of native landscaping and stormwater trees, but also can handle more stormwater.  Bio-swales cost approximately $3.00 to $10.00 per cubic foot. 
	A more expensive option would be permeable pavement and green parking, at a cost of $10.00 to $15.00 per square foot.  This solution can be started for smaller areas, such as pedestrian crosswalks that currently use pavement, or for the bases underneath benches.  More expensive improvements, such as permeable sidewalks or bike lanes, could be done on a small scale as a demonstration project, and then be implemented incrementally as funding becomes available.   
	Adding the green street element of bicycle lanes would be the most expensive option.  However, this proposal would cost less than an entire green street would cost.  When including bike lanes with bio-swales and other traditional features, smart streets come out to approximately $44.00 per square foot of managed area.  Costs could be reduced by not replacing the roads current non-permeable pavement with the permeable variety discussed herein.  Painting of the lanes as discussed above is also a less expensiv
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	Figure
	Figure 13: Rendering of Ocean Avenue Potential Green Infrastructure 
	Figure 13: Rendering of Ocean Avenue Potential Green Infrastructure 
	Figure

	3) Sunset Boulevard 
	Sunset Boulevard is a neighborhood street running east to west from S.R. A1A to Riverside Drive.  The street has multiple medians stretching along the road’s center.  They are separated at intersections along Sunset Boulevard, causing the medians to be split every few hundred feet and then continued. Most of these medians differ in elevation, plant and tree types, curbs, and general design. There are also some swales on the outside right-of-way of the roadway where the private properties are located. 
	Figure
	Figure
	Issue 
	These differences between the median’s characteristics result in varying infiltration rates and the consequence is standing water in some places.  Some of the medians act as bio-swales, being deeper than the road’s paved area, and some are at the same elevation or slightly higher than the paved area (Figure 6).  These aspects make Sunset Boulevard a road with variable drainage characteristics, where runoff can accumulate into yards or the roadway. 
	 
	Figure 14: Medians on Sunset Blvd 
	Figure 14: Medians on Sunset Blvd 

	Green Infrastructure Matrix Techniques 
	The following green infrastructure techniques are derived from the Green Infrastructure and LID Matrix for this site. Please refer back to this matrix if clarification on techniques is needed. 
	Matrix # 
	Matrix # 
	Matrix # 
	Matrix # 
	Matrix # 

	Technique 
	Technique 

	Description 
	Description 



	1) 
	1) 
	1) 
	1) 

	Permeable Pavement & Green Parking 
	Permeable Pavement & Green Parking 

	Permeable pavement would increase infiltration along the entirety of the roadway while absorbing pollutants from cars. 
	Permeable pavement would increase infiltration along the entirety of the roadway while absorbing pollutants from cars. 


	3) 
	3) 
	3) 

	Trees for Stormwater Retention 
	Trees for Stormwater Retention 

	Keeping existing native trees and adding new trees in the median and on the roadside rights-of-way will increase drainage and uptake more water while providing beautification and shade. 
	Keeping existing native trees and adding new trees in the median and on the roadside rights-of-way will increase drainage and uptake more water while providing beautification and shade. 


	4) 
	4) 
	4) 

	Green Streets (Bio-Retention) 
	Green Streets (Bio-Retention) 

	Enhancing the medians, right-of-way swales, and adding elements of pedestrian and/or bicycle amenities allow for green infrastructure implementation while improving pedestrian safety. 
	Enhancing the medians, right-of-way swales, and adding elements of pedestrian and/or bicycle amenities allow for green infrastructure implementation while improving pedestrian safety. 


	7) 
	7) 
	7) 

	Bio-Swale 
	Bio-Swale 

	Some of the medians on Sunset Blvd already act as bio-swales. These depressed catchment areas could be made consistent along the roadway in the medians to drain stormwater more efficiently. 
	Some of the medians on Sunset Blvd already act as bio-swales. These depressed catchment areas could be made consistent along the roadway in the medians to drain stormwater more efficiently. 


	12) 
	12) 
	12) 

	Curb less or Curb Cut Parking/Lanes/Islands 
	Curb less or Curb Cut Parking/Lanes/Islands 

	Some medians on the roadway are curbed with curb cuts, and others have no curb. Adding more curb cuts in strategic locations and leaving the no curb areas alone would allow rainwater to flow more freely. 
	Some medians on the roadway are curbed with curb cuts, and others have no curb. Adding more curb cuts in strategic locations and leaving the no curb areas alone would allow rainwater to flow more freely. 


	14) 
	14) 
	14) 

	Native Landscaping 
	Native Landscaping 

	There are some non-native plants along Sunset Blvd. Those plants should be replaced with native plants and additional native plants should be added as well.  They require little to no watering and are better suited for natural flux in water, and thus will be prepared to absorb stormwater. 
	There are some non-native plants along Sunset Blvd. Those plants should be replaced with native plants and additional native plants should be added as well.  They require little to no watering and are better suited for natural flux in water, and thus will be prepared to absorb stormwater. 





	Cost and Feasibility 
	Cost and Feasibility 
	Cost and Feasibility 

	During the Stakeholder Workshop Walking Tour, Sunset Boulevard was a site that received numerous suggestions for green infrastructure adaptation.  First, stakeholders mentioned it would be most beneficial to assess elevations of the roadway, medians, and surrounding right-of-way.  An assessment of the elevation could be completed with help from Brevard County and their Public Works and Engineering team or another applicable partnership.  Assessing the elevation and drainage would allow any green infrastruct
	During the Stakeholder Workshop Walking Tour, Sunset Boulevard was a site that received numerous suggestions for green infrastructure adaptation.  First, stakeholders mentioned it would be most beneficial to assess elevations of the roadway, medians, and surrounding right-of-way.  An assessment of the elevation could be completed with help from Brevard County and their Public Works and Engineering team or another applicable partnership.  Assessing the elevation and drainage would allow any green infrastruct
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	Figure 15: Potential Design for Sunset Blvd Streetscape 
	Figure 15: Potential Design for Sunset Blvd Streetscape 
	Figure 15: Potential Design for Sunset Blvd Streetscape 


	4) Circle Park 
	4) Circle Park 
	Figure
	Circle Park is located on Riverside Drive between Harland Avenue and Andrews Drive.  The park is currently curbed and has a few sabal palms and grass.  This area has been on the Town’s radar as a site that could be utilized differently in order to retain more stormwater and aesthetically enhance the area. 
	Issue 
	The main issue with Circle Park is it is underutilized in terms of collecting water to alleviate the stormwater system and prevent runoff with pollutant and nutrients from flowing into the Indian River Lagoon. 
	Figure 16: Circle Park 
	Figure 16: Circle Park 

	Green Infrastructure Matrix Techniques 
	The following green infrastructure techniques are derived from the Green Infrastructure and LID Matrix for this site. Please refer back to this matrix if clarification on techniques is needed. 
	Matrix # 
	Matrix # 
	Matrix # 
	Matrix # 
	Matrix # 

	Technique 
	Technique 

	Description 
	Description 



	2) 
	2) 
	2) 
	2) 

	Rain Gardens, Down Spouts & Harvesting 
	Rain Gardens, Down Spouts & Harvesting 

	Addition of a rain garden in Circle Park could add for more drainage capabilities while absorbing nutrients and other pollutants. 
	Addition of a rain garden in Circle Park could add for more drainage capabilities while absorbing nutrients and other pollutants. 


	3) 
	3) 
	3) 

	Trees for Stormwater Retention 
	Trees for Stormwater Retention 

	Adding additional trees on the Circle Park property would allow for more shade coverage for other amenities while increasing stormwater. 
	Adding additional trees on the Circle Park property would allow for more shade coverage for other amenities while increasing stormwater. 


	11) 
	11) 
	11) 

	Passive Recreation (Pedestrian Walk/Bike Trail) 
	Passive Recreation (Pedestrian Walk/Bike Trail) 

	Circle Park is mainly grass with a few trees.  It could be enhanced for the residents of the Town by adding some passive recreation like a sitting area, signage to identify native plants, and other amenities.   
	Circle Park is mainly grass with a few trees.  It could be enhanced for the residents of the Town by adding some passive recreation like a sitting area, signage to identify native plants, and other amenities.   


	14) 
	14) 
	14) 

	Native Landscaping 
	Native Landscaping 

	The park could landscape with many native plants as a beatification effort and these plants could potentially add an educational aspect.  Native plants will also provide their promotion of native species while reducing water runoff to the lagoon.  These plants also require little maintenance, currently the park needs mowing and watering. 
	The park could landscape with many native plants as a beatification effort and these plants could potentially add an educational aspect.  Native plants will also provide their promotion of native species while reducing water runoff to the lagoon.  These plants also require little maintenance, currently the park needs mowing and watering. 




	   
	Cost and Feasibility 
	Circle Park is approximately 0.3 acre with most of the area open for any adaptation measures.  There were a few ideas for changes to Circle Park from the Public Workshop.  One thing the Town has been considering is using the space as a rain garden/bio-swale. This would be one of the more expensive options depending on how large the rain garden would be. For a 4,000 sq. ft. rain garden, estimated from the cost of a residential type garden, it would cost the Town about $16,000.  This is a feasible technique t
	sure any adaptation constructed would be beneficial.  The eastern end of the park is 5ft in elevation and the middle is 6ft in elevation.  Adjusting the elevation for the different techniques may be necessary to be able to get water to run into a rain garden or other features.  
	Trees for retention of stormwater can be added to the park with other amenities to compile as many water retaining techniques as possible.  This is a relatively cheap way to soak up runoff through planting native tree species.  The Town has already been planting more trees so adding some to Circle Park is appropriate. Each tree costs around $250 and would beautify and increase water infiltration of the park.  
	Creating a passive recreation are in Circle Park would be a great way to keep the park open and available to residents of Melbourne Beach while also implementing green infrastructure.  It was mentioned at the Public Workshop that the park could potentially construct a Veteran’s Memorial garden/area.  Adding a memorial feature could draw residents to spend time in the park to pay respects.  A memorial fountain or garden along with small pathways, native plants, and seating could provide a wonderful passive r
	 
	Figure
	Figure 17: Vietnam War Area Remembrance Site at Stetson University 
	Lastly, the addition of native landscaping in Circle Park is very feasible.  Given the site’s size, even if you were to add native landscaping to the entirety of the area at 1/3rd of an acre at the upper range for the price, it would cost about $2,023.  Since it would probably be more beneficial to have additional trees and other techniques in the park, it would most likely not cost the Town much to add native landscaping to the area. 
	A combination of the above techniques would best suit Circle Park to diversify how water is retained in the area while providing a multitude of amenities to the residents. 
	 
	5) Riverside Drive 
	Figure
	The Riverside Drive right-of-way is being examined for potential green infrastructure project starting at the north at Andrews Avenue and continues approximately a third of a mile along the Indian River Lagoon to Ocean Avenue to the south.  The right-of-way in this area averages ±45 feet in width.  On the eastern side of Riverside Drive, the right-of-way is as wide as 15-foot wide from road’s edge.  There is a ±5-foot wide sidewalk on the eastern side of the right-of-way for the entire length of the corrido
	The western lagoon-side right-of-way is narrower, averaging between 0 and five feet in width.  It also contains power poles and signage.  The property owners on the east side of Riverside Drive also own the land between the Indian River lagoon and the Town’s right-of-way (see Figure 2).    Some of these property owners who have extended their river-front improvements (docks, walks, furniture, etc.) outside of their property boundaries and into the Town right-of-way, reducing available improvement area on th
	Figure 18: Map of Riverside Drive Site Area 
	Figure 18: Map of Riverside Drive Site Area 

	Issue 
	As previously mentioned, Melbourne Beach tends to decrease in elevation as you move from the Atlantic Ocean to the Indian River Lagoon, which is more flood prone.  This corridor uses primarily a gutter system to draw water to stormwater inlets.  Reviewing aerial photography three (3) stormwater inlets were noted in the western right-of-way, while four (4) were noted on the eastern side, usually where two (2) street rights-of-way come together.   
	The Town does not have a formalized bicycle/pedestrian trail system.  With the addition of improvements, the sidewalk on the eastern side of Riverside Drive right-of-way could prove to be a very scenic part of a trail system connecting from Circle Park to Ocean Avenue and eventually down Oak Street to the previously mentioned trail opportunity. 
	   
	Green Infrastructure Matrix Techniques 
	The following green infrastructure techniques are derived from the Green Infrastructure and LID Matrix for this site. Please refer back to this matrix if clarification on techniques is needed. 
	Matrix # 
	Matrix # 
	Matrix # 
	Matrix # 
	Matrix # 

	Technique 
	Technique 

	Description 
	Description 



	1) 
	1) 
	1) 
	1) 

	Permeable Pavement and Green Parking 
	Permeable Pavement and Green Parking 

	Permeable pavement (including pavers), in its many forms allows rainwater to be treated and absorbed on-site, reducing the load on a jurisdiction’s stormwater system. 
	Permeable pavement (including pavers), in its many forms allows rainwater to be treated and absorbed on-site, reducing the load on a jurisdiction’s stormwater system. 


	3) 
	3) 
	3) 

	Trees for Stormwater Retention 
	Trees for Stormwater Retention 

	Trees (shade) hold and absorb rainwater on their leaves and branches.  Roots keep soil permeable where the water is returned through the root system.  The absorption/return of water is best for mature trees.  Preservation of existing trees is important, along with new plantings. 
	Trees (shade) hold and absorb rainwater on their leaves and branches.  Roots keep soil permeable where the water is returned through the root system.  The absorption/return of water is best for mature trees.  Preservation of existing trees is important, along with new plantings. 


	7) 
	7) 
	7) 

	Bio-swale 
	Bio-swale 

	Bio-swales are landscape features comprised of depressed catchment areas that use landscaping to capture, cleanse, and return runoff to the soil. 
	Bio-swales are landscape features comprised of depressed catchment areas that use landscaping to capture, cleanse, and return runoff to the soil. 


	11) 
	11) 
	11) 

	Passive Recreation (Walk/Bike Trail) 
	Passive Recreation (Walk/Bike Trail) 

	A passive recreation area with generally undeveloped space or an environmentally-sensitive area requiring little maintenance. 
	A passive recreation area with generally undeveloped space or an environmentally-sensitive area requiring little maintenance. 


	14) 
	14) 
	14) 

	Native Landscaping 
	Native Landscaping 

	Native landscaping is the use of indigenous plants which can tolerate the drought and flood cycles of an area.  Native landscaping requires less irrigation and pesticides. 
	Native landscaping is the use of indigenous plants which can tolerate the drought and flood cycles of an area.  Native landscaping requires less irrigation and pesticides. 




	 
	Permeable materials such as pavers could be used to create crosswalks, which currently do not exist for the sidewalk in this portion of Riverside Drive.  This could increase the corridor’s permeability, improve the aesthetic quality of the right-of-way, while also improving bicycle/pedestrian visibility and safety.  One additional demonstration project for the future, which would be more costly, would be to reconstruct the last block of the sidewalk on Riverside Drive before Ocean Avenue with permeable conc
	Shade trees help in absorbing stormwater runoff, while at the same time providing better shade for bicyclists and pedestrians.  Because of its limited size and presence of power lines within the western right-of-way, their placement should be concentrated in the eastern right-of-way, where they can have the greatest shade impact and add to the aesthetic experience of bicyclists/pedestrians using the sidewalk. 
	Bio-swales add native landscaping into retention swales.  The plantings enhance the cleaning of the stormwater and lead to its faster absorption. This technique could be used in cleared locations on either side of the right-of-way conducive to having storm or flood waters directed to them.  Because of the width advantage of the eastern right-of-way, this area may prove more conducive.  The native landscaping of bio-swales will also add to the visual experience of bicyclists and pedestrians along the sidewal
	The Riverside Drive right-of-way has existing five (5)-foot wide sidewalks on the eastern side of the right-of-way for the entire corridor length.  This, coupled with the wide right-of-way area for bioswales and 
	landscaping, make this area ideal to improve the sidewalk as a bike/walk trail. The chance to bicycle or walk along this pristine view of the Indian River Lagoon may encourage eco-tourism in the Town. 
	 To accommodate more seasoned cyclists, sharrows (see Ocean Avenue analysis) could be added to Riverside Drive.  These symbols indicate that bicyclists are permitted by right to share the road with cyclists.  These sharrows can be utilized not only in this section, but on a bicycle/pedestrian plan as a whole. 
	The Town could add native landscaping to both sides of the Riverside Drive right-of-way for stormwater and aesthetic purposes.  This could serve as an inexpensive way to cleanse and absorb stormwater, while adding to the aesthetics of the corridor’s users.  Where shade trees are not appropriate on the west side, lagoon-friendly landscaping could make the riverside even more attractive, as it is at the pier.  It would make this side of the right-of-way directly on the Indian River Lagoon function more as a p
	Cost and Feasibility 
	The ECFRPC has examined the costs of the different forms of green infrastructure discussed above.  The costs and difficulty of implementing the above recommendations are based on this research. 
	The least expensive of the options would be the planting of native landscaping and the planting of trees for stormwater retention.  Native landscaping costs approximately $1.30 to $4.50 per square foot to plant, with minimal maintenance thereafter.  Each stormwater tree (shade tree) costs approximately $250 to plant, plus on-going maintenance. 
	Bio-swales do have the added costs of landscaping to assist in stormwater cleansing and absorption, but also lack the cost of some of the additional mechanical equipment required for traditional engineered swales.  Once created, the native landscaping and the retention area need minimal upkeep.  This option is more expensive than the planting of native landscaping and stormwater trees, but also can handle more stormwater.  Bio-swales cost approximately $3.00 to $10.00 per cubic foot. 
	The next improvement cost wise would be permeable pavement and green parking, at a cost of $10.00 to $15.00 per square foot.  However, the recommendation for this portion of the Riverside Drive right-of-way would be relatively low cost.  This stretch of Riverside Drive is not that long, and permeable pavement (pavers) would only be used to add bicycle-pedestrian crosswalks.  Since these pavers would serve not only as a drainage improvement, but also improve the corridor’s appearance and enhance bicycle/pede
	Adding passive recreation (pedestrian walk/bike trails), would traditionally be the most expensive option.  When including bike lanes and bio-swales and other features, smart streets (combination of these features) come out to approximately $44.00 per square foot of managed area.  However, the existing sidewalks could be used in lieu of bike lanes.  Adding bio-swales, lagoon-friendly landscaping, shade trees, sharrows, and pavers could create a much more attractive environment for pedestrians and bicyclists
	 
	6) Ryckman Park 
	Ryckman Park is located where Riverside Drive meets Ocean Avenue.  The park is adjacent to many Town properties and can overlap with some of the suggestions made for Ocean Avenue.  The park holds a large number of recreational amenities for residents such as restroom facilities, a large playground, tennis, bocce and basketball courts, a large open field, and a pavilion.  Some amenities can be rented out by the public. Ryckman Park is also home to the historic Ryckman House and the Historic Melbourne Beach P
	Issue 
	Ryckman Park is susceptible to flooding from the west where the Indian River Lagoon could inundate the area.  From the Vulnerability Analysis previously completed, the areas closer to the river were marked as being more vulnerable to flooding since the elevation of the Town goes from higher elevations at the beach to lower elevations at the lagoon.  This includes Ryckman Park amenities.  The park also contains a lift station that is a critical facility identified in the Vulnerability Assessment.  This lift 
	Figure 19: Lift Station in Ryckman Park 
	Figure 19: Lift Station in Ryckman Park 
	Figure

	Figure
	Green Infrastructure Matrix Techniques 
	The following green infrastructure techniques are derived from the Green Infrastructure and LID Matrix for this site. Please refer back to this matrix if clarification on techniques is needed. 
	Matrix # 
	Matrix # 
	Matrix # 
	Matrix # 
	Matrix # 

	Technique 
	Technique 

	Description 
	Description 



	2) 
	2) 
	2) 
	2) 

	Rain Gardens, Down Spouts & Harvesting 
	Rain Gardens, Down Spouts & Harvesting 

	A rain garden can be an aesthetically pleasing addition to Ryckman Park utilizing a downspout from a gazebo, the pavilion, or another structure to direct water. 
	A rain garden can be an aesthetically pleasing addition to Ryckman Park utilizing a downspout from a gazebo, the pavilion, or another structure to direct water. 


	3) 
	3) 
	3) 

	Trees for Stormwater Retention 
	Trees for Stormwater Retention 

	The park already has many trees to increase the uptake of water, but if the Town desires they could place a few more in open areas or on the edges of the park to increase shade cover. 
	The park already has many trees to increase the uptake of water, but if the Town desires they could place a few more in open areas or on the edges of the park to increase shade cover. 


	5) 
	5) 
	5) 

	Cistern 
	Cistern 

	Ryckman Park is an area where a cistern either underground or above ground could be implemented to store rainfall from the tops of Town buildings to later be used for landscaping. 
	Ryckman Park is an area where a cistern either underground or above ground could be implemented to store rainfall from the tops of Town buildings to later be used for landscaping. 


	8) 
	8) 
	8) 

	Green / Eco-roof Systems 
	Green / Eco-roof Systems 

	Given the amount of potential roof space, Ryckman Park is a great example of an opportunity where a Green or Eco-roof system could be installed as a pilot project to hold rainwater and reduce heat in the park. 
	Given the amount of potential roof space, Ryckman Park is a great example of an opportunity where a Green or Eco-roof system could be installed as a pilot project to hold rainwater and reduce heat in the park. 


	9) 
	9) 
	9) 

	Living Shorelines 
	Living Shorelines 

	The western portion of the park is the coast to the Indian River Lagoon.  There are already some grasses and rip rap protecting the coast, but this coastline could benefit from additional shoreline projects like oyster mat introduction.   
	The western portion of the park is the coast to the Indian River Lagoon.  There are already some grasses and rip rap protecting the coast, but this coastline could benefit from additional shoreline projects like oyster mat introduction.   




	11) 
	11) 
	11) 
	11) 
	11) 

	Passive Recreation (Pedestrian Walk/Bike Trail)- 
	Passive Recreation (Pedestrian Walk/Bike Trail)- 

	There are already great amenities for the public in the park, including several walkways and places to sit.  The park could include some additional amenities for bicyclists if Ocean Ave installed a bike lane or more educational information for native plants. 
	There are already great amenities for the public in the park, including several walkways and places to sit.  The park could include some additional amenities for bicyclists if Ocean Ave installed a bike lane or more educational information for native plants. 


	14) 
	14) 
	14) 

	Native Landscaping 
	Native Landscaping 

	The park incorporates native plants currently, especially along the pier. Ramping up those efforts to plant native flowers, shrubs, and trees will help filter water before running into the lagoon. 
	The park incorporates native plants currently, especially along the pier. Ramping up those efforts to plant native flowers, shrubs, and trees will help filter water before running into the lagoon. 




	 
	Cost and Feasibility 
	Ryckman Park is a great place in the Town to experiment with green infrastructure. Its proximity to the lagoon and susceptibility to flooding makes it a great study area to measure runoff into the lagoon before and after project implementation. 
	Through the two workshops, there were a few ideas to implement green infrastructure in the park.  From the Public meeting, there were ideas to install a cistern as a feature in the park either in a spot where a building could catch the water, or make it a feature replica of the Historic Water Tower that was once in the Town.  Depending on the size of cistern desired by the Town, the price could range from $500 - $10,000.  This is a pricier technique, but with the help of grant money or if it ends up being a
	A Green / Eco-roof is a more complex technique that the Town may explore by using the roofs of the multiple buildings on the park property. At $8 - $25 per sq. ft., the Town may want to explore this option as a pilot project to see how a roof of this nature would perform. This is mainly more complicated due to factors like assessing the roof for slope, how much daylight it gets, best native plants to add, material to protect the hardened roof etc. They may need to contract with a company or could install a 
	University of Florida Institute of Food and Agricultural Sciences Brevard Extension could also assist the Town in hosting workshops for the residents on rain barrels.  The Town has expressed interest in utilizing the swale behind the Community Center as a place to involve the public in several green infrastructure programs.  This area could serve as a nature center, containing native plants with educational plaques, and perhaps being a hub for pilot projects and information about all of the green infrastruc
	The Town could work with the Brevard Zoo or the Marine Resource Center, or another entity, to install oyster mats, grasses, and other living shoreline to help reduce wave action along the park.  The area along the lagoon is more susceptible to flooding and storm surge, so any protection from a living shoreline would be beneficial.  This technique could be argued as the most important to implement because without shoreline protection, any other green infrastructure techniques applied to the Ryckman Park area
	7) Boat Ramps 
	At the intersections of Pine Street with 5th Avenue and 6th Avenue are public access points to the Indian River Lagoon.  The 6th Avenue access is for boat access while the 5th Avenue access point is for pedestrians and bicyclists only.  
	Figure 23: View of Boat Ramp Area 
	Figure 23: View of Boat Ramp Area 
	Figure

	Figure
	Figure 22: Spill on Boat Ramp 
	Figure 22: Spill on Boat Ramp 
	Figure

	Figure
	Figure 20:  View of 6th Avenue boat ramp from Pine 
	Figure 20:  View of 6th Avenue boat ramp from Pine 
	Figure

	Figure 21: View of 5th Avenue pedestrian access to Indian River Lagoon from Pine Street 
	Figure 21: View of 5th Avenue pedestrian access to Indian River Lagoon from Pine Street 
	Figure

	Figure
	Figure
	The boat ramp has limited capacity for trailer and car parking and it appears to have no asphalt, but does have impervious concrete for the actual ramp area near the lagoon.  There are no markings on the ramp or approach but there are posted rules.  The issues with the boat ramp involve the source of pollution to the lagoon from boat and car oil, gas, grease and other heavy metals associated with motorized machinery.  The sloped area near the lagoon will drain quickly during rain events and with larger rain
	the driveway runoff flows directly into the lagoon without treatment because the amount of rain exceeds the ability of the soil to percolate the rainwater. 
	Green Infrastructure Matrix Techniques 
	The following green infrastructure techniques are derived from the Green Infrastructure and LID Matrix for this site. Please refer back to this matrix if clarification on techniques is needed. 
	Matrix # 
	Matrix # 
	Matrix # 
	Matrix # 
	Matrix # 

	Technique 
	Technique 

	Description 
	Description 



	1) 
	1) 
	1) 
	1) 

	Permeable Pavement and Green Parking 
	Permeable Pavement and Green Parking 

	Permeable pavement would allow water to infiltrate into the soil and cleanse pollutants from tow vehicles and boats. 
	Permeable pavement would allow water to infiltrate into the soil and cleanse pollutants from tow vehicles and boats. 


	3) 
	3) 
	3) 

	Trees for Stormwater Retention 
	Trees for Stormwater Retention 

	Trees along the perimeter wall will help absorb rainwater and provide shade 
	Trees along the perimeter wall will help absorb rainwater and provide shade 


	6) 
	6) 
	6) 

	Lagoon Friendly Yards 
	Lagoon Friendly Yards 

	Lagoon friendly landscaping provides wildlife habitat and filters rainwater 
	Lagoon friendly landscaping provides wildlife habitat and filters rainwater 


	7) 
	7) 
	7) 

	Bio-Swale 
	Bio-Swale 

	A bio-swale can capture rainwater runoff and allow it to infiltrate into the ground rather than run directly into the lagoon 
	A bio-swale can capture rainwater runoff and allow it to infiltrate into the ground rather than run directly into the lagoon 


	9) 
	9) 
	9) 

	Living Shoreline 
	Living Shoreline 

	Adding natural plants to the area near the ramp can help uptake pollutants from boats and automobiles that may transfer to the water 
	Adding natural plants to the area near the ramp can help uptake pollutants from boats and automobiles that may transfer to the water 


	10) 
	10) 
	10) 

	Habitat Restoration 
	Habitat Restoration 

	Restoration of the area near the ramp can help keep the area clean and pristine by restoring any degraded areas. 
	Restoration of the area near the ramp can help keep the area clean and pristine by restoring any degraded areas. 


	14) 
	14) 
	14) 

	Native Landscaping 
	Native Landscaping 

	Native landscaping works in conjunction with matrix numbers 6,7,9 and 10 to enhance wildlife habitat and species 
	Native landscaping works in conjunction with matrix numbers 6,7,9 and 10 to enhance wildlife habitat and species 




	 
	While the parking area is relatively small and there is already a permeable surface, the introduction of permeable pavers would assist to stabilize the site and lower maintenance required for the gravel areas.  For larger storm events, it would slow the flow of water into the lagoon in rivulets or a small gulley that may form without maintenance.  This would be more beneficial closer to the concrete ramp.  If large trucks with large boats use the site, this may not work, but given the limitations due to the
	Trees can be added along the side to augment the ability of the soil to permeate rainwater as well as to provide shade and wildlife habitat. 
	Items 9, 10 and 14 are related and all have a role in this situation.  Both the boat ramp and, to a lesser extent, the pedestrian walkway to the lagoon, can be served by these landscaping improvements.  Since they both are on the lagoon, the living shoreline and habitat restoration are recommended.   
	The bio-swale can work to divert runoff from the long driveway into a grassed area along the lower wall may improve the quality of water entering the lagoon.  Generally, the lowest part of the driveway is in the center, however there is a lower area toward the lagoon on the south side.  Re-contouring the driveway and installing a slight swale with grass can catch water.  This water will usually be absorbed in the swale, though heavy rains may overload the swale and the excess water can enter the lagoon with
	For the concrete pad nearest the water, some ruts cut diagonally can direct some of the water to one side into a grassed swale area that can be periodically cleaned by the Town and cleansed by native vegetation.   
	The pedestrian access at 5th Avenue is already landscaped and there are few impacts to the environment. Items 3, trees, 9, living shoreline and 10, habitat restoration, can augment this site.  
	Cost and Feasibility 
	The boat ramp site is approximately 0.2 acres and pervious pavement is $10 to $15 per square foot, resulting in a cost between $87,000 to $130,000, however, utilizing this application for smaller areas nearer to the lagoon would be commensurately less money.  This can be attempted in areas with higher traffic from cars.   A slight swale toward the southwest portion of the lot would not cost much and can probably be done by the Town’s Public Works Department for under $5,000.  Trees average $250 each and if 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	8) Town Right-of-Way by Lutheran Church 
	The Oak Street right-of-way is being examined for potential green infrastructure project.  The study area begins at the north property line of Advent Lutheran Church (just south of Surf Road), and ends at the southern Town limits at the Flutie Athletic Complex.  There is a meandering sidewalk on the eastern side of Oak Street extending the entire length of this approximately .7-mile study area.  There is a straight sidewalk on the west side which extends almost throughout the study area, ending at Driftwood
	Figure 24: Map of Oak Street Right-of-Way Study Area 
	Figure 24: Map of Oak Street Right-of-Way Study Area 
	Figure

	Figure
	Issues 
	Some roadways in the Town of Melbourne Beach lack swales for drainage from road runoff.  This southwestern area of the Town was noted by several attendees of public workshops held by the ECFRPC as an area where flooding was a major problem.  Respondents attributed this to the development of the Harbor East subdivision, where the natural drainage pattern was altered due to the dredging of canals connecting with the Indian River Lagoon.  Another issue the Town deals with is the lack of trails or other facilit
	Green Infrastructure Matrix Techniques 
	The extra wide right-of-way of Oak Street (between inner sidewalk and road, as much as ±33-foot wide on east side, ±5-foot wide on west side, with much of the non-road right-of-way being undeveloped, provides excellent opportunity to deal with the issues of poor drainage and lack of recreational facilities for bicyclist and pedestrians.   Green infrastructure techniques can serve as an economical and functional way of resolving these issues. 
	The following green infrastructure techniques are derived from the Green Infrastructure and LID Matrix for this site. Please refer back to this matrix if clarification on techniques is needed. 
	 
	Matrix # 
	Matrix # 
	Matrix # 
	Matrix # 
	Matrix # 

	Technique 
	Technique 

	Description 
	Description 



	1) 
	1) 
	1) 
	1) 

	Permeable Pavement and Green Parking 
	Permeable Pavement and Green Parking 

	Permeable pavement (including pavers), in its many forms allows rainwater to be treated and absorbed on-site, reducing the load on a jurisdiction’s stormwater system. 
	Permeable pavement (including pavers), in its many forms allows rainwater to be treated and absorbed on-site, reducing the load on a jurisdiction’s stormwater system. 


	3) 
	3) 
	3) 

	Trees for Stormwater Retention 
	Trees for Stormwater Retention 

	Trees (shade) hold rainwater on their leaves and branches and the root system assists in the percolation of water into the soil.  Preservation of existing trees is preferable. 
	Trees (shade) hold rainwater on their leaves and branches and the root system assists in the percolation of water into the soil.  Preservation of existing trees is preferable. 


	7) 
	7) 
	7) 

	Bio-Swale 
	Bio-Swale 

	Bio-swales are landscape features comprised of depressed catchment areas that use landscaping to capture, cleanse, and return runoff to the soil. 
	Bio-swales are landscape features comprised of depressed catchment areas that use landscaping to capture, cleanse, and return runoff to the soil. 


	11) 
	11) 
	11) 

	Passive Recreation (Walk/Bike Trail) 
	Passive Recreation (Walk/Bike Trail) 

	A passive recreation area with generally undeveloped space or an environmentally-sensitive area requiring little maintenance. 
	A passive recreation area with generally undeveloped space or an environmentally-sensitive area requiring little maintenance. 


	14) 
	14) 
	14) 

	Native Landscaping 
	Native Landscaping 

	Native landscaping is the use of indigenous plants which can tolerate the drought and flood cycles of an area.  Native landscaping requires less irrigation and pesticides. 
	Native landscaping is the use of indigenous plants which can tolerate the drought and flood cycles of an area.  Native landscaping requires less irrigation and pesticides. 




	 
	Permeable materials such as pavers could be used to replace non-permeable street materials at bicycle/pedestrian crosswalks along this right-of-way study area.  This increases permeability and bicycle/pedestrian visibility and safety, while adding to the aesthetics of the streetscape. 
	Figure
	 
	Shade trees help in absorbing stormwater runoff, while at the same time providing better shade for bicyclists and pedestrians.  They could be planted in the largely tree-barren areas between the roadway and the sidewalks.  Such trees also work towards sustainability by cleaning pollutants from the air. 
	 
	Bio-swales should be added where functionally appropriate.  The plantings enhance the cleaning of the stormwater and lead to its faster absorption. This technique could be used in current vacant areas of the Oak Street right-of-way where stormwater could be directed. The aesthetic experience of bicycles/pedestrians in the area could also be enhanced by the plantings in the bio-swale. 
	Figure 25: Oak Street ROW width 
	Figure 25: Oak Street ROW width 
	Figure

	 
	The Oak Street right-of-way under study has existing eight (8)-foot wide sidewalks on both sides for almost the entire corridor length.  The addition of bio-swales, native landscaping, and shade trees mentioned above could transform these sidewalks into a more traditional aesthetically pleasing bicycle/pedestrian bike trail at minimal cost.  Since Oak Street runs the entire length of the Town, this roadway could part of the be the spine for expanding a comprehensive bike/pedestrian trail system throughout t
	The Town could add native landscaping along Oak Street both for stormwater and aesthetic purposes.  Native landscaping would be included as an element of bio-swales.  Even without bio-swales, or in addition to them, native landscaping could be used in the rights-of-way to help with the absorption of stormwater runoff from the road.  Such landscaping, in conjunction with the recommendation for shade tree planting above, could add to the aesthetic experience of bicyclists/pedestrians using the sidewalk system
	Cost and Feasibility 
	The ECFRPC has examined the costs of the different forms of green infrastructure discussed above.  The costs and difficulty of implementing the above recommendations are based on this research. 
	The least expensive of the options would be the planting of native landscaping and the planting of trees for stormwater retention.  Native landscaping costs approximately $1.30 to $4.50 per square foot to plant, with minimal maintenance thereafter.  Each shade tree costs approximately $250 to plant, plus on-going maintenance. 
	Bio-swales do have the added costs of landscaping to assist in stormwater cleansing and absorption, but also lack the cost of some of the additional mechanical equipment required for non-green engineered swales.  Once created, the native landscaping and retention areas need minimal upkeep.  This option is more expensive than the planting of native landscaping and stormwater trees, but also can handle more stormwater.  Bio-swales cost approximately $3.00 to $10.00 per cubic foot. 
	Permeable pavement is estimated to cost $10.00 to $15.00 per square foot, and pavers are recommended to replace non-permeable pavement in crosswalks.  The pavers would serve both as a drainage improvement, and improve the corridor’s appearance and enhance bicycle/pedestrian safety. 
	 Adding a passive recreation (pedestrian walk/bike trail) would traditionally be the most expensive option.  Passive recreation areas were found to cost $200,000 to $500,000 per mile.  However, wide sidewalks are already existing in this right-of-way.  Adding bio-swales, native landscaping, shade trees and pavers could create a much more attractive environment for pedestrians and bicyclists at a reasonable cost.  At the same time, this area of Melbourne Beach would be receiving drainage improvements. 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	9) Historic/Church Parking Lot 
	The oldest church on the beaches, the Community Chapel of Melbourne Beach, was built in 1892, is located at the intersection of Ocean Avenue and Pine Street.  The parking lot is on the east side of Pine Street and is the subject of this green infrastructure application.  The lot is 0.33 acres I size and has parking along 3 edges and in the center.  Drainage from the asphalt lot is into grassed basins or swales in the corners and perimeters.  The highest points are toward the center of that lot at 10 feet ab
	Drainage is into basins or swales long the edges of the parking lot, and there is an overflow drain for when these basins fill.  This overflow water runs to the south on Pine Street or to the west on Ocean Avenue, both of which have elevations below the parking lot basins only half a block away.  (need to verify with Town publics works director) 
	Figure 26: View of Parking Lot from Pine Street 
	Figure 26: View of Parking Lot from Pine Street 
	Figure

	Figure
	 
	Figure
	Figure
	 
	 
	 
	Figure 28: Corner retention basin with "Pop-off" that drains offsite 
	Figure 28: Corner retention basin with "Pop-off" that drains offsite 
	Figure

	 
	Figure 27: Corner retention area and concrete curb cut to direct rainwater 
	Figure 27: Corner retention area and concrete curb cut to direct rainwater 
	Figure

	Green Infrastructure Matrix Techniques: 
	The following green infrastructure techniques are derived from the Green Infrastructure and LID Matrix for this site. Please refer back to this matrix if clarification on techniques is needed. 
	Matrix # 
	Matrix # 
	Matrix # 
	Matrix # 
	Matrix # 

	Technique 
	Technique 

	Description 
	Description 



	1) 
	1) 
	1) 
	1) 

	Permeable Pavement and Green Parking 
	Permeable Pavement and Green Parking 

	Permeable pavers would allow rainwater to infiltrate into the ground and lessen the stormwater drainage into the swales in the perimeter of the lot. 
	Permeable pavers would allow rainwater to infiltrate into the ground and lessen the stormwater drainage into the swales in the perimeter of the lot. 


	3) 
	3) 
	3) 

	Trees for Stormwater Retention 
	Trees for Stormwater Retention 

	Trees added to the center parking area would provide shade and help lessen stormwater load. 
	Trees added to the center parking area would provide shade and help lessen stormwater load. 


	7) 
	7) 
	7) 

	Bio-Swale 
	Bio-Swale 

	The bio-swales can be enhanced to allow sheet flow of water into the perimeters to belter cleanse pollutants from cars. 
	The bio-swales can be enhanced to allow sheet flow of water into the perimeters to belter cleanse pollutants from cars. 


	13) 
	13) 
	13) 

	Subsurface Retention Facilities 
	Subsurface Retention Facilities 

	Underground storage, if needed, can lessen the impacts to the existing stormwater system and help retain water onsite. 
	Underground storage, if needed, can lessen the impacts to the existing stormwater system and help retain water onsite. 


	14) 
	14) 
	14) 

	Native Landscaping 
	Native Landscaping 

	Native landscape plants improve wildlife habitat and lowers watering needs while helping to uptake pollutants from cars. 
	Native landscape plants improve wildlife habitat and lowers watering needs while helping to uptake pollutants from cars. 




	 
	Permeable Pavers would better capture the pollutant loadings from the automobiles rather than allow them to be washed into the drainage basins and into the street when exceed their capacity.  The existing surface will need to be repaved in the not too distant future so this could be a viable option.  Also, this can be done incrementally, with test areas installed where the existing pavement is in poor condition.   
	The site is currently well shaded in many areas, but additional trees can help in the absorption of rain water.  Trees in the two center island areas would be a good addition and it would provide shade for an area currently exposed to sunlight. 
	The current drainage systems can be classified as bio-swales, as the parking lots currently drain into these grassed areas.  Some edges of the parking lots can be lowered so the rain can sheet flow directly to the low areas rather than be funneled by the high turf along the edges of the parking lot toward the concrete curb cuts shown in Figure 19.  This would allow the grass to better cleanse the pollutants from the water as it even flows through the grass.  Also, there is a center parking area that has gra
	A more formidable way to address the stormwater is with subsurface retention facilities.  This would be a viable solution but is one of the more expensive options, and is usually constructed when land for an off-site retention area is very expensive.  It, therefore, makes sense to exhaust other LID solutions before construction an underground storage system. 
	The addition of native landscaping around the parking area can be helpful because native plants can better tolerate the drought or flooding regimes of the locale.  Also, irrigation needs would be less and few pesticides are needed.  Local wildlife will also appreciate native species as well.  It should be noted that a rain garden can be installed as well with its associated plant list, however it may be dry too much of the time for the garden to be viable. 
	Cost and Feasibility 
	The church parking lot pavement is approximately 0.30 acres, which is about 13,000 square feet.  Pervious pavement runs about $10 to $15 per square feet, resulting in a cost of $130,000 to $195,000 for the entire area.  As noted earlier, the lot can be incrementally improved with the areas needing replacement done when needed.  Also, the church can try various applications to see which type of pervious pavement works best for them.   
	Trees, at $450 each, are a relatively inexpensive option.  Two trees in the center islands of the parking lot may suffice, as most of the parking lot appears to be well vegetated and treed.  This would be only $900. 
	The costs to augment the bio-swales are hard to determine without a more detailed study.  The current storage capacity may be sufficient for most storm events, and it may not be worth additional storage unless it overflows frequently.  Cost estimates for swales run from $3 to $10 per cubic foot, so the cost of additional storage is not prohibitive, assuming the area is available.  Reinstalling vegetation would be an additional expense.   
	Subsurface retention is an expensive option with EPA estimates ranging from$20,000 to $482,000 per acre, depending on the system installed and local conditions.  To install for the entire 0.30-acre lot would be between $6,000 to over $144,000, but smaller subsurface retention areas to augment the existing bio-swale system is a more viable option.  It is not known how effective the lower end systems are, but it could be added when the pervious pavements are installed. 
	The addition of native landscaping for this site would be limited to the perimeter and perhaps the center islands, and therefore, would be a minimal cost.  If this application was applied to a quarter of the lot, this cost would less than $500 for less than a tenth of an acre.    
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Appendices 
	Appendix 1- Funding Opportunities 
	For funding opportunities, the Town should look to the Florida Department of Environmental Protection’s Florida Adaptation Planning Guidebook.  This Guidebook contains many Florida grant opportunities at non-profit, private, local, state, and federal levels.  This is not an exhaustive list, but it is a great resource to discover grants to fund projects in the Town of Melbourne Beach.  The Town can utilize this list to find applicable grants to implement the site plans listed out in this document. For the en
	For funding opportunities, the Town should look to the Florida Department of Environmental Protection’s Florida Adaptation Planning Guidebook.  This Guidebook contains many Florida grant opportunities at non-profit, private, local, state, and federal levels.  This is not an exhaustive list, but it is a great resource to discover grants to fund projects in the Town of Melbourne Beach.  The Town can utilize this list to find applicable grants to implement the site plans listed out in this document. For the en
	https://floridadep.gov/sites/default/files/AdaptationPlanningGuidebook.pdf
	https://floridadep.gov/sites/default/files/AdaptationPlanningGuidebook.pdf

	 

	Another resource for the Town is to utilize the list of grants from the Guidelines for Sustainability Actions document create for the Town of Melbourne Beach. To see this document, please contact Town staff. 
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