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FPLOS Program Overview

• To fulfill the need of long-term flood protection for basins throughout 
the 16-county region, a flood protection level of service (FPLOS) 
program has been established. 

• Mission:

• Identify and prioritize long-term infrastructure improvement 
needs

• Develop an implementation strategy 

• Goal: to assure that each basin can maintain its designated FPLOS, 
in a technical and cost-effective manner, in response to population 
growth, land development, sea level rise and climate conditions 
change.
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Study Area

• Primary Areas of interest for this FPLOS are the C2, C3W, C4, C5, and 
C6 watersheds 

• Considering significant interconnectivity of these watersheds and 
capability of MIKE SHE/MIKE 1D as a regional modeling platform, all 
watersheds were combined in a single model
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• C2:

• Primary Canal: Snapper 
Creek

• Primary Outfall: S22

• C3W: 

• Primary Canal: Coral 
Gables Canal

• Primary Outfall: G93

• C4:

• Primary Canal: C4 Canal 
(Tamiami Canal)

• Primary Outfall: S25B

• C5

• Primary Canal: Comfort 
Canal Southfork

• Primary Outfall: S25

• C6:

• Primary Canal: C6 Canal 
(Miami Canal)

• Primary Outfall: S26

C2

C5

C3W

C4

C6



Model Setup 

• Model Domain 

• Covers C2 through C6 Watersheds

• From WCA/ENP wetlands to coast

• From C7 Canal to boundary of C2 
Basin

• 250ft model resolution

• Calibration Period

• 2020 Memorial Weekend Event 

• Validation Period

• 2017 Hurricane Irma Event

C2, C3W, C4, C5, C6 FPLOS 

for Current and Future SLR



Design Storm Simulations

- Current and Future Conditions
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Design Storm Setup
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• Rainfall Events

• 100-, 25-, 10-, and 5-year 3-day 
storms

• Surface Water Boundary Conditions

• TW conditions were prescribed at the 
structures S26, S25B, S25, G93, and 
S22

S25B Tailwater



Design Storm Setup – Future Conditions

• Land use

• Increase LU classification for vacant and old parcels 

• Overland Parameters

• Adjusted Manning’s n, detention storage, runoff 
coefficient based on LU classification

• Topography

• Raised vacant and old parcels to match MDC Flood 
Criteria map 

• Reduced 10% of raised parcel to account for onsite 
storage 

• Groundwater

• Added MDC’s future GW increase projections for 1ft 
SLR (May 2040) to existing GW levels

• Increased public water supply GW withdrawals based 
on MDC WASD estimates

• Surface Water

• Increased initial conditions and boundary conditions to 
account for SLR (+1, +2, +3 ft)

• Added “planned canals” from MDC with cross-sections 
matching TOB criteria C2, C3W, C4, C5, C6 FPLOS 

for Current and Future SLR



FPLOS Metrics

• SFWMD developed 6 FPLOS performance metrics (PMs) to quantify the level of 
flood protection provided within a watershed for current and future conditions

• Provides ability to quantify changes in flood protection as a result of SLR
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Performance Metric Description 

PM #1 Maximum stage in primary canals

PM #2 Maximum daily discharge capacity through the primary canals

PM #3 Tidal structure flow performance

PM #4 Peak storm runoff – maximum conveyance capacity of the watershed

PM #5 Frequency of flooding – stage-based LOS for sub-watersheds

PM #6 Duration of flooding



Results – C2 Watershed
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Results – C2 Watershed

• PM1 – Maximum Stage in Snapper Creek Canal (100yr/72hr storm)

DRAFT



Results – C2 Watershed

• PM1 – Maximum Stage and Bridge Low Chords – Snapper Creek Canal



Results – C2 Watershed

• PM1 – Maximum Stage and Bridge Low Chords – Snapper Creek Canal



Results – C2 Watershed 

• PM2 – Maximum Discharge Capacity (12-Hour Moving Average) 
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Results – C2 Watershed
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• PM3 – Structure Performance (S22)
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Results – C2 Watershed

• PM3 – Structure Performance (S22)

The increase in TW levels due to SLR, 
decreases the head differential at the 

structure and inhibits the flow out of the 
basin, potentially creating additional 
flooding upstream of the structure as 

shown in PM #1. 
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Results – C2 Watershed 

The delay in the structure’s ability 
to discharge water is a result of 
high TW conditions from storm 
surge and SLR and is shown to 

increase with design storm 
intensity and SLR

A Client Perspective: Flood 

Protection Level of Service

• PM3 – Structure Performance (S22)

Time Between Peak HW and Peak Discharge at S22

DRAFT
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Results – C2 Watershed 

• PM 5 – Maximum Flood Depth 
Urban Flooding Depth Difference of SLR +3ft and Current Conditions for 
the 100-year Storm in the C2 Watershed
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Results – C2 Watershed 

• PM 6 – Maximum Flood Duration 
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Urban Flooding Duration Difference of SLR and Current 
Conditions for the 100-year Storm in the C2 Watershed

Canal flood duration determined using reference elevation of 
municipal pump off trigger elevation (5 ft-NGVD/3.43 ft-NAVD).



Results – C2 Watershed 

• PM 6 – Maximum Flood Duration 
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Urban Flooding Duration Difference of SLR and Current 
Conditions for the 100-year Storm in the C2 Watershed

Canal flood duration determined using reference elevation of 
municipal pump off trigger elevation (5 ft-NGVD/3.43 ft-NAVD).



Results – C2 Watershed 

• PM 6 – Maximum Flood Duration 
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Urban Flooding Duration Difference of SLR and Current 
Conditions for the 100-year Storm in the C2 Watershed

Canal flood duration determined using reference elevation of 
municipal pump off trigger elevation (5 ft-NGVD/3.43 ft-NAVD).



Results – C5 Watershed
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Results – C5 Watershed

• PM1 – Maximum Stage in Comfort Canal Southfork (100yr/72hr storm)
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Results – C5 Watershed

• PM2 – Maximum Discharge Capacity (12-Hour Moving Average) 
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• Little to no reduction in 
the basins ability to 
discharge. 

• Shifting of the peaks with 
increasing SLR.

• Caused by increasing 
overtopping of the 
structure during the 
peak of the surge 
event



Results – C5 Watershed 

A Client Perspective: Flood 

Protection Level of Service

• PM3 – Structure Performance (S25)

Time Between Peak HW and Peak Discharge at S25
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Results – C5 Watershed 

• PM 5 – Maximum Flood Depth Urban Flooding Depth Difference of 
SLR and Current Conditions for the 
100-year Storm in the C5 Watershed
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Results – C5 Watershed 

• PM 5 – Maximum Flood Depth Urban Flooding Depth Difference of 
SLR and Current Conditions for the 
100-year Storm in the C5 Watershed
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Results – C5 Watershed 

• PM 5 – Maximum Flood Depth Urban Flooding Depth Difference of 
SLR and Current Conditions for the 
100-year Storm in the C5 Watershed
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Results – C5 Watershed 

• PM 6 – Maximum Flood Duration 
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Urban Flooding Duration Difference of SLR +3ft 
and Current Conditions for the 100-year Storm 
in the C5 Watershed



Results – C2 Watershed 

• PM 6 – Maximum Flood Duration 
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While overtopping of the Comfort Canal presents a 
major flooding concern, it also provides drainage that 
reduces duration for areas directly adjacent to the 
canal.



Preliminary Mitigation Strategies
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Preliminary Mitigation Strategies

C2, C3W, C4, C5, C6 FPLOS 

for Current and Future SLR



Preliminary Mitigation Strategies – C2 Watershed

C2, C3W, C4, C5, C6 FPLOS for 

Current and Future SLR

Structure 
hardening

Forward 
pump station

Canal 
Realignment

Raise 
embankments

Temporary 
storage

Municipal 
pump stationsAcquire 

storage 
area 

Tidal

Central

Western



Preliminary Mitigation Strategies – C2 Watershed

Tidal Improvements

• Increase existing structure elevation to

prevent overtopping

• Add tieback levees and floodwalls to

prevent flooding of the area and short-

circuiting of the water around the

structure (flanking)

• Install a forward pump station to help

reach the design discharge while gravity

discharge is limited under storm surge

and SLR conditions
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Preliminary Mitigation Strategies – C2 Watershed

Historical C2 Canal Tidal Improvements
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Preliminary Mitigation Strategies – C2 Watershed

Central Improvements

• Raise canal 
embankments in 
problem areas

• Use Miami-Dade 
County parks or golf 
courses as emergency 
temporary storage

• Add municipal pumps 
to subbasins where 
gravity drainage will be 
affected by SLR
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Preliminary Mitigation Strategies – C2 Watershed

Western Improvements 

• Bird Drive Recharge Area could provide 
flood relief for multiple basins (C2, C3W, 
C4, and C5)

• Provide relief when C-4 Detention Basin 
reaches capacity 

• 100-year/72-hour for current 
conditions 

• 25-year/72-hour for SLR +1 ft
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Preliminary Mitigation Strategies – C5 Watershed

C2, C3W, C4, C5, C6 FPLOS for 

Current and Future SLR

Tidal
• Structure 

hardening
• Forward pump 

station

Western
• Connection with 

the C4 Basin

Central
• Raise embankments
• Municipal pump 

stations



Preliminary Mitigation Strategies – C5 Watershed

Tidal Improvements

• Replace structure at current location

• Add tieback levees and floodwalls to

prevent flooding of the area and short-

circuiting of the water around the

structure (flanking)

• Relocate and replace structure at alternate

location

• Add tieback levees and floodwalls to

prevent flooding of the area and short-

circuiting of the water around the

structure (flanking)

• Install a forward pump station to help reach

the design discharge while gravity

discharge is limited under storm surge and

SLR conditions
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Preliminary Mitigation Strategies – C5 Watershed

Central Improvements

• Raise canal 
embankments in 
problem areas

• Add municipal pumps 
to subbasins where 
gravity drainage will be 
affected by SLR
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Preliminary Mitigation Strategies – C5 Watershed

Western Improvements 

• Reconsider connection with the C4 
Canal under certain conditions:

• While western storage is being 
utilized (i.e. pumping into the C4 
EDB)

• If no overtopping of the C5 structure 
is occurring (i.e. no saltwater 
intrusion)

• If stages in the C4 are not at critical 
stages (less than pump-off trigger for 
municipal pump stations)

• Would require replacement of the 
existing S25A structure
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Next Steps

• Initial cost estimation of mitigation 
strategies

• Phase 2

• Evaluate the mitigation strategy 
projects with modeling

• Working with 
municipalities/stakeholders
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Thank You!

Chen Moore Team:
Brent Whitfield, PE, ENV SP 
Stephanie Long-Marquez, PhD, PE
Laura Vogel, PhD, PE
Justin Tagle, PE

SFWMD Team:
Ruben Arteaga
Hongying Zhao
Carol Ballard
Sashi Nair
Lichun Zhang
Francisco Peña Guerra
Ana Carolina Maran
Akin Owosina
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