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Agenda
• Project Overview and Goals
• Data Collection
• Existing Conditions Model

• Model Calibration 
• Model Recommendations and Analysis

• Public Coordination
• Alternatives and Future Condition 

Analysis 
• Benefit and Cost Analysis 
• Findings and Recommendations



Project Overview
• Five areas of interest across the City of 

Naples are being studied with the goal to 
reduce the impacts of flooding during 
storm events (Assessment Areas A-E)

• The five areas chosen were identified as 
vulnerable to flooding or water quality 
issues

• Project kicked off on September 22, 2021



Assessment Area Refinement



Assessment Area Refinement



Assessment Area Refinement



Developing a stormwater 
model that will simulate the 
impacts of rainfall and sea 
level rise and help determine 
the extents of flooding

Protection of and 
improvement to the 
City’s surface and 
ground water resources

Protection of 
public and private 
property

Protection and 
restoration of 
ecology

Planning for wise and 
strategic stormwater 
management system 
investments

Planning for 
sustainability and 
resiliency relating to 
anticipated climate 
change

Project Goals



Project Objectives

Identify areas vulnerable to flooding 

Identify possible solutions to improve 
flood conditions in those vulnerable 
areas 

Propose anticipated phasing (short-
term, medium-term, and long-term) 
based on analyses performed 



Project Tasks
• Data Collection and Documentation
• Model Recommendations and Analysis
• Existing Conditions Model

• Model Calibration 

• Public Coordination
• Alternatives Analysis 

• Sensitivity Analysis

• Future Conditions Analysis
• Baseline Future Conditions
• Long-Range Improvement Alternatives

• Benefit and Cost Analysis 
• Capital Improvements Prioritization 

and Final Report 



Infrastructure Data Collection



Infrastructure Data Collection



Infrastructure Data Collection



Data Collection
• Field visits 
• Survey 

• Lidar data collection 
• Traditional survey 

methods 



Data Collection

• Desktop review to 
obtain existing 
reports, property 
appraiser data, 
rainfall data, etc.
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25-YR 72-HR10-YR 1-HR

SFWMD 72-HRFDOT 1-HRRainfall 
Distribution

NOAA Rainfall Amount (in)

11.53.23North Model

11.63.25South Model

Model Recommendations and Analysis

Existing and Future Rainfall



Differences (ft)Tidal Elevation (ft)
Last -

All
All -
First

Last -
First

Last 5 
years

All 
Data

First 5 
Years

Percent 
Chance

Percentile

0.320.250.571.010.690.4450%50%
0.300.280.581.391.090.8120%80%
0.280.310.591.591.311.0010%90%
0.270.340.611.761.491.155%95%
0.280.420.702.141.861.441%99%
0.220.420.642.262.041.620.5%99.5%
0.160.380.542.782.622.240.1%99.9%
0.260.340.60Average

Model Recommendations and Analysis

Existing Boundary Condition

• 1.59’ corresponds to the 90th percentile of tidal elevations recorded at the Naples tidal station in the last 5 years. 
• Tides exceeded 1.59’ 183 days over the last 5 years or approximately 36 days per year.
• This boundary condition is not intended to represent storm surge. 
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Model Recommendations and Analysis

Future Boundary Condition
NOAA Intermediate Curve 2020 Estimated 

Mean Sea Level (MSL) = -0.11 ft

NOAA Intermediate Curve 2090 Estimated 
MSL = 2.65 ft

2090 Estimated MSL – 2020 Estimated MSL = 
Approximate Change in Sea Level

2.65 ft – (-0.11 ft) = 2.76 ft

Existing Tailwater = 1.59 ft

Future Recommended Tailwater = Existing 
Tailwater + Change in Sea Level

1.59 ft + 2.76 ft = 4.35 ft (rounded to 4.4 ft)



Existing Condition Model Development

Basins
• Basins were drawn using 

elevation data (DEM) and 
infrastructure data

Central Ave & 10th Street S



Existing Condition Model Development

Basins
• Basins were drawn using 

elevation data (DEM) and 
infrastructure data

High : 8.42

Low : 1.11



Existing Condition Model Development

Land Use
• Used in 

infiltration 
calculations to 
estimate runoff



Existing Condition Model Development

Soils
• Used in 

infiltration 
calculations to 
estimate 
runoff



Existing Condition Model Development

Nodes
• Represents basin surface 

storage within the model 
or represent a modeled 
connection between 
structures

• Storage areas calculated 
based on elevation (DEM)

Central Ave & 10th Street S



Existing Condition Model Development

Nodes
• Represents basin surface 

storage within the model 
or represent a modeled 
connection between 
structures

• Storage areas calculated 
based on elevation (DEM)

8.42

1.11

High : 8.42

Low : 1.11



Existing Condition Model Development

Connectivity
• Pipe and control structure 

links were created based on 
geospatial infrastructure data 
provided by the City of 
Naples

• Weirs were added to 
represent overland flow 
between basin areas

• These connect basins/nodes 
to allow the model to mimic 
the natural flow of water 
through these connections

Central Ave & 10th Street S



Existing Condition Model Development

Connectivity
• Pipe and control structure 

links were created based on 
geospatial infrastructure data 
provided by the City of 
Naples

• Weirs were added to 
represent overland flow 
between basin areas

• These connect basins/nodes 
to allow the model to mimic 
the natural flow of water 
through these connections



Example Model Results 



Example Model Results



Verification – 5th Ave N & 11th St N



Verification – 4th Ave N & 10th St N



Verification – 5th Ave N near River Park



Calibrated ICPR4 Model 

• Results can be referenced as a part of future projects
• Model can be updated for future project analyses
• Model can be used to consider other scenarios or 

alternatives
• Model can be leveraged to support grant funding on future 

projects
• Model can be used to support additional CIP planning



Public Coordination – Online



Public Coordination – In-person
COMMENTCOMMENT #

Road and driveway flooding has been experienced along Myrtle 
Terrace. There are no stormwater inlets or swales, so every time it 
rains there is ponding.
Another resident said they have not seen any flooding along Myrtle 
Terrace.

1

There is no flooding at this location. 2
During Hurricane Ian, Swan Lake experienced higher staging than 
normal. Two feet of flooding occurred in garage structure.

3

There is no flooding at this location during normal rainfall events, and 
no flooding was experienced during Hurricane Ian.

4

No flooding was observed during normal rainfall events, but during the 
storm in August 2017, there was flooding in the driveway up to the 
garage.

5

Improvements were made to Sea Gate Park. Since then, no flooding 
behind this home has been noted, while backyard flooding was 
common prior to those improvements. Flooding in the roadway has 
been seen.

6

There is no road or structure flooding at this location, but the swale 
does fill with water during a storm. 

7

Flooding in the pond has caused inundation in yards. 8
This location experiences standing water in the side yard (0.3') and in 
the road (0.4') with slime build up along the curb, gutters, and cracks in 
the pavement. It was discussed this is likely due to the water table 
elevation during the rainy season.

9

No flooding was observed at this location. 10
This location experiences flooding regularly.11
This location experiences roadway flooding regularly. Additionally, 
debris has been reported which prevents the functioning of the 
drainage systems.

12



Alternative Analysis Approach
• Multiple Improvement Alternatives were evaluated for each Assessment Area, 

each with a unique goal or design approach

Tailwater 
Condition

Stormwater 
Infrastructure

Number 
Selected/Total 

Number Modeled
Scenario

Existing TailwaterExisting InfrastructureN/AExisting Scenario

Existing TailwaterProposed Improvements1/3Alternative Improvements

Future TailwaterExisting InfrastructureN/AFuture Baseline

Future TailwaterProposed Improvements1/2 Future Condition with 
Alternative Improvements

Future TailwaterLong-Range 
Improvements1/2Long-Range Resilient 

Alternatives

Existing TailwaterLong-Range 
Improvements1/2 Existing Conditions with Long-

Range Resilient Alternatives



Alternatives Analysis Considerations

• Proposed improvements considered during the 
alternatives analysis  

• Upsize pipes
• New pipe connection 
• Upsize pumps
• New pumps 
• Disconnect existing pipes 
• Check valves 
• Sea walls 
• Raising Roads



Example of Proposed Improvements 



Existing Condition Inundation – Area C

Tailwater 
Condition

Stormwater 
Infrastructure

Number 
Selected/Total 

Number Modeled
Scenario

Existing 
Tailwater

Existing 
InfrastructureN/AExisting Scenario

Existing 
Tailwater

Proposed 
Improvements1/3Alternative 

Improvements

Future 
Tailwater

Existing 
InfrastructureN/AFuture Baseline

Future 
Tailwater

Proposed 
Improvements1/2 

Future Condition 
with Alternative 
Improvements

Future 
Tailwater

Long-Range 
Improvements1/2Long-Range Resilient 

Alternatives

Existing 
Tailwater

Long-Range 
Improvements1/2 

Existing Conditions 
with Long-Range 

Resilient Alternatives



Selected Alternative 2C Inundation – Area C

Tailwater 
Condition

Stormwater 
Infrastructure

Number 
Selected/Total 

Number Modeled
Scenario

Existing 
Tailwater

Existing 
InfrastructureN/AExisting Scenario

Existing 
Tailwater

Proposed 
Improvements1/3Alternative 

Improvements

Future 
Tailwater

Existing 
InfrastructureN/AFuture Baseline

Future 
Tailwater

Proposed 
Improvements1/2 

Future Condition 
with Alternative 
Improvements

Future 
Tailwater

Long-Range 
Improvements1/2Long-Range Resilient 

Alternatives

Existing 
Tailwater

Long-Range 
Improvements1/2 

Existing Conditions 
with Long-Range 

Resilient Alternatives



Unselected Alternative 1C Inundation –
Area C

Tailwater 
Condition

Stormwater 
Infrastructure

Number 
Selected/Total 

Number Modeled
Scenario

Existing 
Tailwater

Existing 
InfrastructureN/AExisting Scenario

Existing 
Tailwater

Proposed 
Improvements1/3Alternative 

Improvements

Future 
Tailwater

Existing 
InfrastructureN/AFuture Baseline

Future 
Tailwater

Proposed 
Improvements1/2 

Future Condition 
with Alternative 
Improvements

Future 
Tailwater

Long-Range 
Improvements1/2Long-Range Resilient 

Alternatives

Existing 
Tailwater

Long-Range 
Improvements1/2 

Existing Conditions 
with Long-Range 

Resilient Alternatives



Tailwater 
Condition

Stormwater 
Infrastructure

Number 
Selected/Total 

Number Modeled
Scenario

Existing 
Tailwater

Existing 
InfrastructureN/AExisting Scenario

Existing 
Tailwater

Proposed 
Improvements1/3Alternative 

Improvements

Future 
Tailwater

Existing 
InfrastructureN/AFuture Baseline

Future 
Tailwater

Proposed 
Improvements1/2 

Future Condition 
with Alternative 
Improvements

Future 
Tailwater

Long-Range 
Improvements1/2Long-Range Resilient 

Alternatives

Existing 
Tailwater

Long-Range 
Improvements1/2 

Existing Conditions 
with Long-Range 

Resilient Alternatives

Unselected Alternative 3C Inundation –
Area C



Future Baseline Inundation – Area C

Tailwater 
Condition

Stormwater 
Infrastructure

Number 
Selected/Total 

Number Modeled
Scenario

Existing 
Tailwater

Existing 
InfrastructureN/AExisting Scenario

Existing 
Tailwater

Proposed 
Improvements1/3Alternative 

Improvements

Future 
Tailwater

Existing 
InfrastructureN/AFuture Baseline

Future 
Tailwater

Proposed 
Improvements1/2 

Future Condition 
with Alternative 
Improvements

Future 
Tailwater

Long-Range 
Improvements1/2Long-Range Resilient 

Alternatives

Existing 
Tailwater

Long-Range 
Improvements1/2 

Existing Conditions 
with Long-Range 

Resilient Alternatives



Future Condition Alternative 2C Inundation –
Area C

Tailwater 
Condition

Stormwater 
Infrastructure

Number 
Selected/Total 

Number Modeled
Scenario

Existing 
Tailwater

Existing 
InfrastructureN/AExisting Scenario

Existing 
Tailwater

Proposed 
Improvements1/3Alternative 

Improvements

Future 
Tailwater

Existing 
InfrastructureN/AFuture Baseline

Future 
Tailwater

Proposed 
Improvements1/2 

Future Condition 
with Alternative 
Improvements

Future 
Tailwater

Long-Range 
Improvements1/2Long-Range Resilient 

Alternatives

Existing 
Tailwater

Long-Range 
Improvements1/2 

Existing Conditions 
with Long-Range 

Resilient Alternatives



Tailwater 
Condition

Stormwater 
Infrastructure

Number 
Selected/Total 

Number Modeled
Scenario

Existing 
Tailwater

Existing 
InfrastructureN/AExisting Scenario

Existing 
Tailwater

Proposed 
Improvements1/3Alternative 

Improvements

Future 
Tailwater

Existing 
InfrastructureN/AFuture Baseline

Future 
Tailwater

Proposed 
Improvements1/2 

Future Condition 
with Alternative 
Improvements

Future 
Tailwater

Long-Range 
Improvements1/2Long-Range Resilient 

Alternatives

Existing 
Tailwater

Long-Range 
Improvements1/2 

Existing Conditions 
with Long-Range 

Resilient Alternatives

Future Condition Long-Range Alternative 
Inundation – Area C



Existing Condition Long-Range Alternative 
Inundation – Area C

Tailwater 
Condition

Stormwater 
Infrastructure

Number 
Selected/Total 

Number Modeled
Scenario

Existing 
Tailwater

Existing 
InfrastructureN/AExisting Scenario

Existing 
Tailwater

Proposed 
Improvements1/3Alternative 

Improvements

Future 
Tailwater

Existing 
InfrastructureN/AFuture Baseline

Future 
Tailwater

Proposed 
Improvements1/2 

Future Condition 
with Alternative 
Improvements

Future 
Tailwater

Long-Range 
Improvements1/2Long-Range Resilient 

Alternatives

Existing 
Tailwater

Long-Range 
Improvements1/2 

Existing Conditions 
with Long-Range 

Resilient Alternatives



• Elements
• Floodplain 

Differences
• Nodes 
• Conveyance 

Improvements
• Pump 

Improvements 

• Maps are not to be 
used for construction 
– developed to 
represent modeling 
information

Example of Inundation Maps – Results



Floodplain Differences

Example of Inundation Maps – Results



Conveyance and Pump Improvements

Example of Inundation Maps – Results



Conveyance and Pump Improvements

Example of Inundation Maps – Results



Key Findings from Alternatives 
Analysis (Existing and Long-Range)

• Maximized flood improvements occur through a 
combination of upsizing pipes, upsizing existing 
pumps, new pipe connections, and new pump 
stations

• When possible, infrastructure was disconnected 
from existing pump stations and diverted to 
proposed outfalls.

• In future conditions, pumps are more effective than 
pipes due to higher sea level.

• In future conditions, seawalls and road raising are 
needed in areas that are low-lying to prevent inflow 
from the adjacent waterbodies during high tides.



Example of the CIP Maps



Example of the CIP Maps



Engineer’s Opinion of Probable Cost (EOPC)
• EOPC - Used to estimate the cost 

of all improvements for each 
Assessment Area

• Prices are based on FDOT 
Historical Cost Index, City 
easement costs, and input from 
manufacturers  

• EOPCs include Selected 
Improvement Alternatives and 
additional Long-Range 
Improvements in Future 
Conditions

• Cost estimates are 
conservatively high 



Benefit Cost Analysis

• Damage Assessment Modeling 
• Property Damage
• Commercial Damages 
• Roadway Damages 

• Hedonic Modeling 
• Property Value Impacts
• Property Tax Impacts 

• Benefit estimates are 
conservatively low

BENEFIT 
=

DAMAGES AVOIDED 
=

DAMAGE UNDER EXISTING 
CONDITION SCENARIO –

DAMAGE UNDER ALTERNATIVE 
SCENARIO



Property Damage

• Depth-damage functions were used to determine the percentage of 
damage from each storm scenario 

• Flood elevations were compared to approximate finished flood 
elevations for analysis 

• Structural and content damages of each property during each storm 
scenario 

• City of Naples’ residential property values were available from 2022



Commercial Damages

• Number of days of business disruption due to flooding was 
estimated based on model results 

• Daily business revenues were estimated from US Census Bureau 
data

• Loss of revenue was estimated by multiplying days of business 
disruption by daily revenue



Roadway Damages

• A roadway was considered 
damaged if it was inundated by any 
amount during a storm event

• Road segment damages were 
based on estimated cost to repair 
the damaged road per linear foot 



Property Value Impacts

• Decreases in home prices can be driven by experiences of recent 
flooding events 

• Increases in mean road and parcel elevations could result in 
increases in housing price

• This analysis considered a one-foot increase in mean road and parcel 
elevation 



Property Tax Impacts

• Increases in property values would lead to increases in property 
taxes

• This analysis multiplied the annual property value impacts by the 
local tax rates to estimate changes in property tax revenues 



Benefit Cost Analysis 
50 Year Total Benefits  for 10-Year and 25-Year Storms Under Existing 

and Future Conditions (2023 Dollars in Thousands)



Benefit Cost Analysis
Benefit/Cost Ratio for Selected Improvement Alternatives

Benefit/Cost Ratio for Long-Range Alternatives in Future Conditions

• Benefit cost 
estimates are 
conservatively 
low and cost 
estimates are 
conservatively 
high

• Benefit/Cost 
should be 
evaluated for 
individual 
projects 



Area A – Results – Existing Conditions

Tailwater 
Condition

Stormwater 
Infrastructure

Number 
Selected/Total 

Number Modeled
Scenario

Existing 
Tailwater

Existing 
InfrastructureN/AExisting Scenario

Existing 
Tailwater

Proposed 
Improvements1/3Alternative 

Improvements

Future 
Tailwater

Existing 
InfrastructureN/AFuture Baseline

Future 
Tailwater

Proposed 
Improvements1/2 

Future Condition 
with Alternative 
Improvements

Future 
Tailwater

Long-Range 
Improvements1/2Long-Range Resilient 

Alternatives

Existing 
Tailwater

Long-Range 
Improvements1/2 

Existing Conditions 
with Long-Range 

Resilient Alternatives



Area A – Results – Chosen Alternative

Tailwater 
Condition

Stormwater 
Infrastructure

Number 
Selected/Total 

Number Modeled
Scenario

Existing 
Tailwater

Existing 
InfrastructureN/AExisting Scenario

Existing 
Tailwater

Proposed 
Improvements1/3Alternative 

Improvements

Future 
Tailwater

Existing 
InfrastructureN/AFuture Baseline

Future 
Tailwater

Proposed 
Improvements1/2 

Future Condition 
with Alternative 
Improvements

Future 
Tailwater

Long-Range 
Improvements1/2Long-Range Resilient 

Alternatives

Existing 
Tailwater

Long-Range 
Improvements1/2 

Existing Conditions 
with Long-Range 

Resilient Alternatives



Area A – Findings and Recommendations

Short-Term
• Improvements focused along Crayton Road 

where flooding is more severe in existing 
conditions 

Medium-Term
• Improvements occur upstream of Devils 

Lake and Swan Lake

Long-Term 
• Improvements focused in areas that will be 

vulnerable to sea-level rise adjacent to 
Venetian Bay



Tailwater 
Condition

Stormwater 
Infrastructure

Number 
Selected/Total 

Number Modeled
Scenario

Existing 
Tailwater

Existing 
InfrastructureN/AExisting Scenario

Existing 
Tailwater

Proposed 
Improvements1/3Alternative 

Improvements

Future 
Tailwater

Existing 
InfrastructureN/AFuture Baseline

Future 
Tailwater

Proposed 
Improvements1/2 

Future Condition 
with Alternative 
Improvements

Future 
Tailwater

Long-Range 
Improvements1/2Long-Range Resilient 

Alternatives

Existing 
Tailwater

Long-Range 
Improvements1/2 

Existing Conditions 
with Long-Range 

Resilient Alternatives

Area B – Results – Existing Conditions



Tailwater 
Condition

Stormwater 
Infrastructure

Number 
Selected/Total 

Number Modeled
Scenario

Existing 
Tailwater

Existing 
InfrastructureN/AExisting Scenario

Existing 
Tailwater

Proposed 
Improvements1/3Alternative 

Improvements

Future 
Tailwater

Existing 
InfrastructureN/AFuture Baseline

Future 
Tailwater

Proposed 
Improvements1/2 

Future Condition 
with Alternative 
Improvements

Future 
Tailwater

Long-Range 
Improvements1/2Long-Range Resilient 

Alternatives

Existing 
Tailwater

Long-Range 
Improvements1/2 

Existing Conditions 
with Long-Range 

Resilient Alternatives

Area B – Results – Chosen Alternative



Area B – Findings and Recommendations
Short-Term 

• Divert stormwater from the Cove 
Pump Station to new outfalls 

• Evaluate upsizing the Cove Pump 
Station 

Medium-Term
• Focus on secondary drainage 

improvements 
• Divert water from Cove Pump 

Station outside of the Study Area 

Long-Term 
• Construct sea walls in low-lying 

areas 
• Add pump stations and divert any 

remaining gravity flow to pump 
stations 



Area C – Results – Existing Conditions

Tailwater 
Condition

Stormwater 
Infrastructure

Number 
Selected/Total 

Number Modeled
Scenario

Existing 
Tailwater

Existing 
InfrastructureN/AExisting Scenario

Existing 
Tailwater

Proposed 
Improvements1/3Alternative 

Improvements

Future 
Tailwater

Existing 
InfrastructureN/AFuture Baseline

Future 
Tailwater

Proposed 
Improvements1/2 

Future Condition 
with Alternative 
Improvements

Future 
Tailwater

Long-Range 
Improvements1/2Long-Range Resilient 

Alternatives

Existing 
Tailwater

Long-Range 
Improvements1/2 

Existing Conditions 
with Long-Range 

Resilient Alternatives



Area C – Results – Chosen Alternative

Tailwater 
Condition

Stormwater 
Infrastructure

Number 
Selected/Total 

Number Modeled
Scenario

Existing 
Tailwater

Existing 
InfrastructureN/AExisting Scenario

Existing 
Tailwater

Proposed 
Improvements1/3Alternative 

Improvements

Future 
Tailwater

Existing 
InfrastructureN/AFuture Baseline

Future 
Tailwater

Proposed 
Improvements1/2 

Future Condition 
with Alternative 
Improvements

Future 
Tailwater

Long-Range 
Improvements1/2Long-Range Resilient 

Alternatives

Existing 
Tailwater

Long-Range 
Improvements1/2 

Existing Conditions 
with Long-Range 

Resilient Alternatives



Area C – Findings and Recommendations
Short-Term 

• Two proposed pump station 
and the infrastructure that 
will divert flow to these pump 
stations 

Medium-Term
• Upsize remaining 

infrastructure connected to 
pump stations 

Long-Term 
• Construct sea walls in low-

lying areas 
• Add pump stations and divert 

any remaining gravity flow to 
pump stations 



Tailwater 
Condition

Stormwater 
Infrastructure

Number 
Selected/Total 

Number Modeled
Scenario

Existing 
Tailwater

Existing 
InfrastructureN/AExisting Scenario

Existing 
Tailwater

Proposed 
Improvements1/3Alternative 

Improvements

Future 
Tailwater

Existing 
InfrastructureN/AFuture Baseline

Future 
Tailwater

Proposed 
Improvements1/2 

Future Condition 
with Alternative 
Improvements

Future 
Tailwater

Long-Range 
Improvements1/2Long-Range Resilient 

Alternatives

Existing 
Tailwater

Long-Range 
Improvements1/2 

Existing Conditions 
with Long-Range 

Resilient Alternatives

Area D – Results – Existing Conditions



Tailwater 
Condition

Stormwater 
Infrastructure

Number 
Selected/Total 

Number Modeled
Scenario

Existing 
Tailwater

Existing 
InfrastructureN/AExisting Scenario

Existing 
Tailwater

Proposed 
Improvements1/3Alternative 

Improvements

Future 
Tailwater

Existing 
InfrastructureN/AFuture Baseline

Future 
Tailwater

Proposed 
Improvements1/2 

Future Condition 
with Alternative 
Improvements

Future 
Tailwater

Long-Range 
Improvements1/2Long-Range Resilient 

Alternatives

Existing 
Tailwater

Long-Range 
Improvements1/2 

Existing Conditions 
with Long-Range 

Resilient Alternatives

Area D – Results – Chosen Alternative



Area D – Findings and Recommendations

Short-Term 
• Upsize pipes in vulnerable areas 
• Upsize Public Works Pump Station 

Medium-Term
• Divert infrastructure from the Public Works Pump 

Station to other outfalls with additional capacity 

Long-Term 
• Construct sea walls in low-lying areas 
• Add pump stations and divert any remaining gravity flow 

to pump stations 



Area E – Results – Existing Conditions

Tailwater 
Condition

Stormwater 
Infrastructure

Number 
Selected/Total 

Number Modeled
Scenario

Existing 
Tailwater

Existing 
InfrastructureN/AExisting Scenario

Existing 
Tailwater

Proposed 
Improvements1/3Alternative 

Improvements

Future 
Tailwater

Existing 
InfrastructureN/AFuture Baseline

Future 
Tailwater

Proposed 
Improvements1/2 

Future Condition 
with Alternative 
Improvements

Future 
Tailwater

Long-Range 
Improvements1/2Long-Range Resilient 

Alternatives

Existing 
Tailwater

Long-Range 
Improvements1/2 

Existing Conditions 
with Long-Range 

Resilient Alternatives



Area E – Results – Chosen Alternative

Tailwater 
Condition

Stormwater 
Infrastructure

Number 
Selected/Total 

Number Modeled
Scenario

Existing 
Tailwater

Existing 
InfrastructureN/AExisting Scenario

Existing 
Tailwater

Proposed 
Improvements1/3Alternative 

Improvements

Future 
Tailwater

Existing 
InfrastructureN/AFuture Baseline

Future 
Tailwater

Proposed 
Improvements1/2 

Future Condition 
with Alternative 
Improvements

Future 
Tailwater

Long-Range 
Improvements1/2Long-Range Resilient 

Alternatives

Existing 
Tailwater

Long-Range 
Improvements1/2 

Existing Conditions 
with Long-Range 

Resilient Alternatives



Area E – Findings and Recommendations

Short-Term 
• Upsize pipes in vulnerable areas 

Medium-Term
• Upsize existing outfall structure on 

east side of study area 

Long-Term
• Construct sea walls in low-lying 

areas 
• Add pump stations and divert any 

remaining gravity flow to pump 
stations 



Funding Opportunities 

• Potential funding sources for proposed improvements 
include but are not limited to:

• FEMA Flood Mitigation Assistance Grant Program
• Federal Clean Water Program – Section 319
• State Water Quality Assistance Grant Program
• Resilient Florida Grant Program



Final Recommendations

Develop a more detailed implementation plan and funding strategy 
leveraging information from this study.

Implement short-term proposed improvements which include 
upsizing, adding, and modifying connectivity of existing pipes and 
pump stations.

Evaluate proposed projects early in the design process to 
understand their individual effectiveness and eligibility for grant 
funding. Collect supplemental data and perform additional analyses 
during design and permitting as needed. 

Perform feasibility studies of existing and proposed pump stations 
to determine details of a proposed design.
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