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Presenter Notes
Presentation Notes
The numerical modelling framework comprises 6 main models: 3 large-scale models and 3 local/regional models:
Hurricane model to compute surge levels, currents and waves resulting from hurricanes
Florida Strait model to compute the Florida Current and large-scale tides
Continental Shelf model to compute waves and longshore sand transport along southeast Florida coast
Miami Dade County model
Port Everglades model
Lake Worth Inlet model

Models are set-up in Delft3D, SWAN, XBeach, LONGMOR, CROSMOR and engineering models
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Boundary-fitted curvilinear geographical computational grids
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• Hurricanes (global scale)
• Surge levels (global scale)
• Currents (global scale)
• Waves (global scale)

Hurricane Model

Introduction
Model example 1
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(1/3) Model example application: Hurricane model
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Palm Beach/LWI 
Model

• Tides (global & local scale)
• Florida Current (local scale)
• Waves (local scale)
• Sediment Transport (local scale)

Florida  Strait 
Model
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(2/3) Model example application: combination of Florida Strait model and Lake Worth Inlet model to compute tides, Florida Current, waves and sediment transport




A modeling framework for SE-FL
Cont.      
Shelf     
Model

Palm Beach/LWI 
Model

• Waves (global & local scale)
• Sediment Transport           

(global & local scale)

Introduction
Model example 1
Model example 2
Model example 3

Presenter Notes
Presentation Notes
(3/3) Model example application: comparison longshore sand transport with large-scale CS model and detailed LWI model
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Hurricanes
• WES-Delft3D hurricane model
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(1/9) Hurricane model: NOAA record of all storm tracks in North Atlantic Basin
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Hurricanes
• WES-Delft3D hurricane model
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(2/9) Hurricane model: 943 of which were hurricanes
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Hurricanes
• WES-Delft3D hurricane model
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(3/9) Hurricane model: 112 of which were hurricanes that passed southeast Florida (magenta box)
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Hurricanes
• WES-Delft3D hurricane model
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(4/9) Hurricane model: most recent ones (14 since 2000, reaching hurricane intensity at some track segment either inside or outside SEFL region/magenta box)
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Hurricanes
• WES-Delft3D hurricane model
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Presentation Notes
(5/9) Hurricane model: diverse headings (from SW-NE track orientation to E-W track orientation)
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Hurricanes
• WES-Delft3D hurricane model
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Model example 1

Presenter Notes
Presentation Notes
(6/9) Hurricane model: hurricane Dorian end-August/early-September 2019 hit the area during the deployment period of ADCP instruments in our SEFMOD study
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Hurricanes
• WES-Delft3D hurricane model

Introduction
Model example 1

Air pressure at MSL

Presenter Notes
Presentation Notes
(7/9) Hurricane model: example of computed air pressure field as input to our hydrodynamic model (together with wind fields and other input)
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Hurricanes
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Wave height

• WES-Delft3D hurricane model

Presenter Notes
Presentation Notes
(8/9) Hurricane model: example of computed wave height field based on our coupled Delft3D-SWAN model (in turn based on computed air pressure and wind fields as e.g. shown in previous slide).
Note the radial distribution and interaction of propagating waves with shallow continental shelf
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Hurricanes
• Validation WES-Delft3D hurricane model by reconstructed 

surge levels based on measurements
• Validation SWAN model by wave buoy measurements
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Presenter Notes
Presentation Notes
(9/9) Hurricane model: example of comparison (i) computed surge levels and reconstructed surge levels based on measurements. Note the relatively minor surge levels at SE-FL due to specific track/dynamics of this hurricane. Largest effects of hurricane Dorian were observed at earlier landfalls at Abaco Island and Grand Bahamas. Example of comparison (ii) computed and measured wave heights at offshore wave buoy location ‘East of Canaveral’ with maximum wave heights of approx. 9 m.
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Palm Beach/LWI 
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• Tides (global & local scale)
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Presenter Notes
Presentation Notes
(2/3) Model example application: combination of Florida Strait model and Lake Worth Inlet model to compute tides, Florida Current, waves and sediment transport



Presenter Notes
Presentation Notes
(1/11) Animation of large-scale tides computed by our Florida Strait model. While the tidal amplitude is generally relatively low, subtle phase relations cause changes in orientation of deflected ebb jets at tidal inlets along southeast Florida (via time-varying longshore pressure gradients)
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Validation Tides
Validation Delft3D model with tidal station data

Vertical tide (water levels)

Introduction
Model example 1
Model example 2

Presenter Notes
Presentation Notes
(2/11) Comparison computed and measured tidal components
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Validation Tides
Validation Delft3D model with tidal station data

Vertical tide (water levels)
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(3/11) Comparison computed and measured water level time series
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Validation Tides
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Model example 1
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Presenter Notes
Presentation Notes
(4/11) Comparison computed and measured depth-averaged current velocity field at Lake Worth Inlet. Conditions of tidal forcing, only (no wave-induced currents, no Florida Current)
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Florida Current (FC)
• Quasi-dynamic Delft3D model 
• Fully-dynamic Delft3D model nested in HYCOM (U/C)

Introduction
Model example 1
Model example 2

Presenter Notes
Presentation Notes
(5/11) Florida Current computed via nesting of large-scale model in HYCOM ocean model and via direct implementation in local detailed model. Based on analysis of FC, we hypothesize that Lake Worth Inlet regularly acts as a nodal point (transition between northerly-directed FC south of LWI and coastal countercurrent, north of LWI). During passage of extreme weather systems with southerly winds (such as during hurricane Dorian), a wholesale shift occurs with a net southerly-directed coastal FC at LWI and south of LWI.
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Tides + Florida Current
Delft3D model Palm Beach/LWI
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(6/11) Computed effect of northerly-directed FC on ebb jet at LWI
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Validation Florida Current 
Validation Delft3D model with current measurements 
by vessel-mounted ADCP tracks
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Model example 1
Model example 2

Measured depth-avg. currents Modelled depth-avg. currents

Presenter Notes
Presentation Notes
(7/11) substantiated by comparison with vessel-mounted ADCP measurements during neap tide conditions in 2019 (no significant waves). Important implications for morphological developments
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Tides + Florida Current + Waves
Delft3D model Palm Beach/LWI

Introduction
Model example 1
Model example 2

Tides Tides + FC Tides + FC+ Waves

Presenter Notes
Presentation Notes
(8/11) Our calibrated model can then be used to assess current fields for situations with increasing complexity and when no fields measurements are available.
As shown here: (1) sole tidal conditions, (2) tidal conditions + northerly-going Florida Current and (3) tidal conditions + northerly-going Florida Current + waves from the northeast. Note that the wave-induced currents in the surf zone are oriented opposite to the Florida Current in intermediate depths.
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Introduction
Model example 1
Model example 2

Spatial differentiation in governing mechanism or interactions

Tides:
• Inlet 
• Back-barrier basin

Florida Current:
• Intermediate zone 
• Offshore

Waves:
• Beach 
• Surf zone

Tides + Florida Current + Waves
Delft3D model Palm Beach/LWI

Presenter Notes
Presentation Notes
(9/11) which allows us to identify characteristic spatial zones where mechanisms dominate
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Tides + FC + Waves + Sediment Transport
Delft3D-SWAN model Palm Beach/LWI
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Presenter Notes
Presentation Notes
(10/11) Computed sand transport patterns at LWI during ebb tide and slack tide for conditions with FC to north and waves from the northeast. Note the pronounced sand transport rates in the surf zone and close to the shoreline
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Tides + FC + Waves + Sediment Transport
Delft3D-SWAN model Palm Beach/LWI
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southward-going LST
-> Shoreline Accretion
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southward-going LST
-> Shoreline Erosion

to South to North

Presenter Notes
Presentation Notes
(11/11) Deducing the morphological change of the beach and nearshore can be found by integrating the computed sand transport across the surf zone and assessing the longshore gradients thereof.
Overall, sediment transport is directed to the south (negative values) which is expected in view of the wave conditions from the NE. Northward of the tidal inlet, the southward transport magnitude decreases to zero, which corresponds to shoreline accretion. In contrast, southward of the tidal inlet, the southward transport becomes increasingly negative (up to a point where it is stable) which corresponds to shoreline erosion. This general updrift sedimentation and downdrift erosion is very characteristic for tidal inlets with interruption of longshore sand transport.
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Waves + Longshore Sediment Transport
• Continental Shelf Model

• Decreasing LST 
to S

Introduction
Model example 1
Model example 2
Model example 3

• Useful tool for 
evaluation 
breakwaters

• Distinct inlet 
effects

• Good agreement 
documented LST

Presenter Notes
Presentation Notes
(3/3) Application of continental shelf model to compute longshore sand transport rates along SE-FL coast. 
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Further application:
1. to increase our understanding of the coastal physics
2. to guide coastal management

effects breakwaters, optimization sediment traps, sand transfer plant, 
nourishment lifetime, dredging plumes, etc.

Introduction
Model example 1
Model example 2
Model example 3

Outlook

Palm Beach Inlet- southern jetty, photo N. Geleynse, April 2022 Construction works, south of Port Everglades, photo N. Geleynse, April 2022

Presenter Notes
Presentation Notes
Our successful development and application of a modelling framework has increased our understanding of the coastal physics along the coast of South Florida and allows for the evaluation of proposed engineering solutions, such as regarding the sand bypass plant, sediment settling basin and breakwater at Lake Worth Inlet (LWI)



Thank you!

Introduction
Modeling rationale

Tides

nathanael.geleynse@waterproofbv.nl
luitze.perk@waterproofbv.nl

Miami Harbor entrance channel, photo N. Geleynse, April 2022

Presenter Notes
Presentation Notes
Pls contact us for any questions or comments
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MANAGEMENT DECISIONS AND NEXT STEPS FOR LWI
- To reduce shoaling and increase the time between O&M dredging, sand needs 

to either be trapped more efficiently and/or bypassed more efficiently.

- Dredging operations needs to be linked to the metocean conditions when sand 
moves and accumulates. 

Presenter Notes
Presentation Notes
Final note by L. Reichold 
Director, RSM RCX
SAD Regional Sediment Management Center of Expertise
U.S. Army Corps of Engineers
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