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Direct Connection to Tide

S-29 Gates

C-9 Canal
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https://www.climate.gov/maps-data/dataset/sea-level-rise-map-viewer
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Project Scope
2D (x-y)        → 3D (CFD) (x-y-z)       → Physical



C-9 Canal and S-29 Gates
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• C-9 Canal
• Existing Gates

• Saltwater Intrusion

• S-29 Pump Station
• Flood Protection



Preliminary Design for Modeling
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4 Pump Bays – 500-cfs pumps

5 Pump Bays – 400-cfs pumps

6 Pump Bays – 335-cfs pumps



Project Scope – 2D Model

• Develop 2-D Model 

– Evaluate layout for 
horizontal eddies and 
optimize and evaluate 
bridges and canal impacts 
leading into/out of 
proposed pump location

• Model Limits

• 2100 ft upstream S-29

• 1400 ft downstream S-29
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SRH-2D
Model 

Documentation
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SRH-2D

• Each option requires unique mesh, terrain, and boundary conditions
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Boundary Conditions
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• SFWMD Tailwater

• FPLOS Phase 1

• Mike-SHE

• No Groundwater

• Combined Pump Outflow

• Efficiency of Bay

• Monitoring each pump bay
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Mike-She & FPLOS

• Phase 1 – Baseline and 

Preliminary Alternatives

• Integrated H&H + 

Groundwater

• Coarse Resolution

• Phase 2 – Ongoing

• Mitigation Alternatives

• Assumed to Provide 2D Boundary



FPLOS Boundary 
Conditions
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• 5-year thru 100-year

• Current thru SLR3

• 16 runs per alternative



Tailwater Boundaries
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SRH-2D Boundary Curves
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This Photo by Unknown Author is licensed under CC 

BY-NC-ND



Model Going Dry – Why?
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• Part Channel Part Reservoir



Preliminary Results

• No Hydrology – Scope Assumption

• Proceed with Steady State
• Temporarily

• Control WS and Discharge

• Testing 3 Pump Options
• Flow Patterns and Distribution

• Low WS

• High WS

• Gate Open vs Closed
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Preliminary Results – Bypass Flow
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Preliminary Results – Bypass Flow
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7-ft 

Contour



Preliminary Results – Flow Distribution
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Preliminary Results – Flow Distribution
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35
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Gate Open 
vs Closed



Gate Open vs Closed
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Expanded Scope
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• Determine Pump Type & 

Sequencing

• Can’t rely on FPLOS Study

• Need to Capture Volume

• Schedules Don’t Align



FPLOS Study Limitations

• FPLOS Doesn’t Include 
Storage (Outside of 
Channel)

• Tested Adding Upstream 
Lake

• Major Impacts

• Still Missing Floodplain 
Storage

• Static Peak Pump rate
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Identify Variables
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• Groundwater

• Influenced by head

• Tide/SLR impacts gates

• Headwater impacts gates

• Different Pumps = Different Efficiency 

= Variable Discharge

• Pump selection informed by HW

• Pump type changes Bay

• On/Off Elevation

• Sequencing

• 5 pumps turn on independently

• Changes to WS impact inflow 

hydrograph!



Reduce Variables

• 4 flows with 4 SLR
• 16 Runs per Alternative

• Narrowed to 500-cfs option

• Supplement FPLOS hydrographs
• HEC-RAS 2D

• Pick 1 Pump type
• Efficiency doesn’t change
• Still iterate on/off

• New pump station geometry
• Modeling start over
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HEC-RAS 2D

• Larger Domain
• Capture Storage

• Reduce HW influence on inflow

• Better Control of Boundaries
• Pump Boundary

• Gate Boundary

• Rules

• Inform SRH-2D Model
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• Capture 
Volume

• Key to 
On/Off



HEC-RAS 
New 

Features

• Terrain Modification (no-slip)

• Refinement Regions

• Channel Stamping
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Smoothed Inflow Hydrographs
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• Capture 
Volume

• Conservative

• FPLOS
• Ongoing 

• Coordination



Calibration
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Running The Model

• 4 flood frequencies, 4 sea level rise conditions = 16 runs
• 19 total with calibration

• 1-2days per simulation

• 6 computers running models 
• Special thanks to:

• Kurtis Duemler

• Matthew Kuechenberg

• Kush Paliwal

• Mason Johnson
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On/Off

• Iterative Approach

• Start with 100-year
• Max SLR

• Need Minimum Flow
• Can’t go dry

• SFWMD Operations

• No Significant Changes
• Variables Reduced
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HEC-RAS Results – On/Off 
Elevations

49



Sensitive to Tailwater

• FPLOS
• Peak Rainfall at Max TW

• Peak Q at Max TW?
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Back to SRH-2D

• Original Scope

• Results from HEC-RAS
• Inform Boundaries

• Full St. Venant, Finite 
Volume, High Density

• No WS comparison
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SRH-2D 

Results –

Gate 

Operation



SRH-2D 

Results –

Headwater



SRH-2D 

Results –

Pump Bays



SRH-2D 

Results –

Pump Bays



Low Headwater - Velocity
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Results and Observations
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• Risk of Bypass Flow

• Flow Concentrates Against 
Bay Wall

• Low Upstream Shear

• High Outlet Velocity

• Simultaneous Gate and 
Pump

• Pump On/Off

• Coincident Peak

• TW WSEL Control



Results and Observations

Gates Equalize Quickly
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Questions?
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Brian Wozniak, P.E., CFM

bwozniak@hanson-inc.com

Garrett Litteken, P.E., CFM

glitteken@hanson-inc.com

This Photo by Unknown Author is licensed under CC BY

3D & Physical Modeling



C-25 Reservoir and Storage 

Treatment Area 

[Water Quality]

EAA Canals 

[Conveyance Improvement]

S-29 Forward Pump Station

[Sea Level Rise]

Cutler Flow Way

[Biscayne Bay Coastal Wetlands]
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Project Background

• Sea Level Rise
• 3-ft by 2100

• Annual Flood Losses
• $25 Billion by 2050

• SFWMD
• Forward Pump Stations

• Pilot Projects
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C-9 Canal and S-29 Gates
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SRH-2D Model Documentation
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• Holes in mesh

• 0.5-ft to 25-ft



Inflow Hydrographs?
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• Observe Results in Each 
Bay

• Stability



SRH-2D 

Results –

Discharge 

Magnitude



SRH-2D 

Results –

Headwater & 

Discharge



Shear Stress
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Water Surface
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