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Presenter Notes
Presentation Notes
Good afternoon everyone. My name is Akash Sahu. I’m a Coastal Modeler with Coastal Protection Engineering.  
Today I’ll be talking about applications and insights from Delft3D Flexible Mesh modeling across different coastal and inland systems.
Rather than focusing on model theory and equations, I’ll walk through real-world case studies where FM helped answer practical engineering and planning questions.
These studies span tidal inlets, rivers, coastal lakes and bays, all systems where different physical processes interact.



2

 Successor of Delft3D structured and 
SOBEK from TU Delft/Deltares
 Unstructured 1D-2D-3D grids, widely  

used on the coast, lakes and rivers
 Allows for the simulation of the 

interaction of water, sediment, water 
quality, ecology, in time and space 
 Includes coupling of coastal 

hydrodynamics & hydrological processes
 Allows for implementation of  

hydrological structures such as weirs, 
gates, pumps & flow obstacles like dams

WHY DELFT3D FM?

Wiggins Pass, Collier County, FL

Presenter Notes
Presentation Notes
Many of you must be asking why Delft3D FM.
CPE typically has used Delft3D. Delft3d FM is the next generation of Delft3D.
The key shift is the flexible, unstructured grid which can 1-D,2-D or 3-D. 
Also, the model allows the coupling of hydrodynamic and hydrologic processes one domain.
So with FM, on top of surge and waves we can add rainfall, evaporation, infiltration , gates, pumps, hydraulic structures and is an improvement on models like ADCIRC and SLOSH.
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CASE STUDIES

Presenter Notes
Presentation Notes
Now let’s see some of the studies that we’ve done using FM in the past 6 years across the US. 
The map shows the locations of some of those projects. Three of them are in FL, one in NC and one in LA
The study area for the first case study is in Collier County. The second one is in….
For the sake of time I’m going to discuss the first three case studies highlighted on the map.
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CASE STUDY 1 
COLLIER COUNTY, FL

Presenter Notes
Presentation Notes
So our first study is Collier County
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 Collier County Coastal Storm and Risk Management 
(CSRM) Draft Integrated Feasibility Study (IFS) and 
Environmental Impact Statement (EIS)
 Beaches, dunes, floodwalls, mangrove restoration, 

storm surge gates at major inlets (Wiggins Pass, 
Doctors Pass)
 Storm surge gates included sector gates, groins, T-

Walls
 Questions about impact of the gates on water 

quality - freshwater discharges, flushing, back-bay 
salinities and flows
 Three historic storms simulated (H. Irma, H. Wilma   

and 1993 ‘Storm of the Century’)

BACKGROUND
Wiggins
Pass

Doctors
Pass

Presenter Notes
Presentation Notes
Part of a big Feasibility study conducted by the USACE.
Different measures were proposed to increase resiliency over the next 100 years which included…
The gates were first of its kind for FL and raised a lot of concerns at different agencies
Some of the initial questions were about water quality parameters like discharges…… . If you shut down a gate during a major storm and then open it after all the bay fresh water rushes out, it might have an impact on bay and nearshore water quality.
We were hired to answer these questions.
Looked at the thresholds for gate closing and three storms from the past years qualify which are
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MODEL SETUP – WIGGINS PASS
 ~ 300k grid cells
 Higher resolution at Wiggins Pass

Presenter Notes
Presentation Notes
1. model had roughly 300,000 grid cells, with higher refinement at Wiggins Pass.
2. advantage here is that we didn’t have to over-refine the entire domain just to resolve the inlet hydraulics.
3. Now let’s look at some of the parameters we simulated with FM and the different types of results generated with the model outputs.
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HURRICANE IRMA – WIGGINS PASS SALINITY

Doctors PassWiggins Pass

GATE EXISTING

Presenter Notes
Presentation Notes
1. Here I have a video which will show you changes in salinity for Hurricane Irma conditions for the gate condition on the left and the no gate (existing) conditions on the right.
2. Red colors represent higher salinities, and the blue colors show lower salinities. 
3. Initially you’ll see the gate open on the both sides and ocean salt water with higher salinities entering the bay. As the storm approaches, the gate is closed on the left, and on the right where we have no gate, free exchange continues.
4. After the storm has passed, the gate is opened and the exchange of bay and ocean water restarts.



GATE EXISTING

2. H. Irma, 
Gate Reopening 

1. H. Irma, Peak

GATE EXISTING

3. H. Irma, 
1st Outgoing  

Tide After 
Gate Reopening 

GATE EXISTING

4. H. Irma, 
20 Days after 
Storm Peak

GATE EXISTING

Presenter Notes
Presentation Notes
1. This slide shows some screenshots from the video.
2. 1st graphic shows the peak of Hurricane Irma, where the gate is closed on the left and is open on the right
3. 2nd graphic shows the condition immediately after the gate opens, saltwater re-enters the bay and mixing re-starts.
4. 3rd graphic shows the 1st outgoing tide
5. And the 4th graphic shows that after 20 days the system pretty much equilibrates.
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HURRICANE IRMA – WIGGINS PASS TRACER

Doctors PassWiggins Pass

GATE EXISTING

Presenter Notes
Presentation Notes
1. Agencies wanted to know the impacts on flushing.
2. The video shows flushing characteristics during Hurricane Irma.
3. Green colors represent higher concentrations and the blue colors show lower concentrations. 
4. Similar to the salinity video, initially you’ll see the gate open on both sides and the pollutant leaving the bay. As the storm approaches, the gate is closed on the left, and on the right where we have no gate, free exchange continues.
4. After the storm has passed, the gate is opened the pollutant starts to leave the system and after 20 days the system equilibrates.
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WIGGINS PASS -
CHANGES IN FLOW
 USACE proposed the addition of

add two jetties, T-walls and 
sector gates
 Structures significantly 

influence ebb and flood flow 
velocities and will in-turn affect 
ebb and flood shoals

Presenter Notes
Presentation Notes
Top . Peak ebb velocity
Bottom Peak flood velocity
Red colors represent higher vecloties and blue colors represent lower velocities
As mentioned previously the USACE wanted to add… 
We evaluated flow velocities at the inlets and saw that the structures… 
FM was useful in this study as we didn’t have to couple the hydrodynamics with any other module and all the parameters could be simulated within the flow module itself, reducing complexity and saving computational time.
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CASE STUDY 2 
CALOOSAHATCHEE RIVER, FL

Presenter Notes
Presentation Notes
The second case study shifts inland to the Caloosahatchee River in Lee County, Florida.
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 Study conducted to assess 
flooding along the Caloosahatchee 
River in Lee County, FL
 Delft3D FM was utilized to 

simulate the hydrodynamics of 
Caloosahatchee River for 
Hurricanes Ian (Cat 4) and Milton 
(Cat 3)

BACKGROUND

Caloosahatchee 
River

Fort Myers
Cape Coral

Matlacha 
Pass

Gulf of 
America

Presenter Notes
Presentation Notes
The objective here was to assess flooding along the Caloosahatchee River during recent hurricanes, specifically Ian and Milton.
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MODEL SETUP
 ~ 500k grid cells
 Higher resolution 

provided where 
flooding assessment 
was required

Presenter Notes
Presentation Notes
1. The model included approximately 500,000 grid cells.
2. Higher resolution was provided in areas where detailed flooding assessment was required.
3. This targeted refinement improved accuracy while keeping runtimes reasonable.
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MODEL CALIBRATION

 Measured vs Modeled Water Levels at NOAA Fort Myers Station location

Presenter Notes
Presentation Notes
1. Calibration was performed using observed water levels at the NOAA Fort Myers station.
2. The modeled water levels matched observations well.
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MODEL RESULTS – FLOODING

 Hurricane Ian caused 
more inland inundation 
on the west side of 
Caloosahatchee River 
and east of Matlacha 
Pass
 Hurricane Ian also led to 

higher flood levels

Presenter Notes
Presentation Notes
1.This graphic shows flood levels along the Caloosahatchee river at the peak of Hurricane Ian. Red colors show higher flood levels and blue colors represent lower flood levels.
2. Hurricane Ian caused significant inland inundation, particularly west of the river and east of Matlacha Pass.
2. It also produced higher overall flood levels compared to Milton.
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MODEL RESULTS – FLOODING

 Relative to Hurricane 
Ian, Hurricane Milton 
led to less inland 
inundation and lower 
flood levels

Presenter Notes
Presentation Notes
Relative to Ian, Hurricane Milton resulted in less inland inundation and lower flood levels.
Flexible Mesh allowed us to represent the meandering river. We were able to locally refine the mesh in flood-prone areas which we wanted to evaluate while keeping a coarser grid elsewhere.



17

CASE STUDY 3 
LAKE MATTAMUSKEET, NC

Presenter Notes
Presentation Notes
The final case study focuses on Lake Mattamuskeet in Hyde County, North Carolina..
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BACKGROUND
 Coastal lake in Hyde County, NC, that drains 

into the Pamlico Sound (Outer Banks) by four 
outlet canals. Canals have gravity gates 
(salinity control structures)
 Due to SLR, ability to drain has decreased. 

Lake water levels often lower than the Sound 
water levels
 Severe flooding due to extreme rainfall events 

associated with tropical storms, long periods 
to drawdown
 Delft3D FM utilized to understand flooding 

processes and evaluate adaptation strategies

Presenter Notes
Presentation Notes
Lake Mattamuskeet a large coastal lake drains into Pamlico Sound which is the estuary right behind Outer Banks, through four outlet canals controlled by gravity gates which act as salinity control structures. 
These gates only open when the lake water level is higher than the sound water level.
Due to SLR, the lake water levels are often ….. And the gates don’t open and the lake cannot drain
Apart from this, the lake and surrounding areas experience flooding due to extreme rainfall events as the drawndown period are longer
Communities wanted to evaluate active water management and FM utilized to understand flooding processes and evaluate adaptation strategies
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MODEL SETUP
 > 1M grid cells
 Higher resolution at flooding hotspots, 

bridges and canals

Presenter Notes
Presentation Notes
On the bottom left you see a picture of the lake area. Above it is the model grid and on the right side is the model bathymetry.
This was the largest model of the three, with over one million grid cells.
High resolution was applied at flooding hotspots, bridges, and canals.
The long strips of the grid show connection to the estuary with 4 canals.


https://arcg.is/0PbCKn
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MODEL SETUP – GRID REFINEMENT

Presenter Notes
Presentation Notes
This slide highlights how local refinement was applied only where needed (along the canals and flooding hotspots)
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Model Performance, Hurricane Matthew Flooding, H. Matthew Peak 

MODEL CALIBRATION

Presenter Notes
Presentation Notes
Here we have calibration plots for Hurricane Matthew on the left. Model was calibrated for two stations on either side of the lake. In blue we have measured levels and in orange we have the simulated water levels. 
In the plot we can see the water level picked up, and it was purely due to rainfall and took 30 days to drawdown which was mostly due to evaporation.
Ended up simulating a 2-month time period for a million grid cells. That was a big challenge.
But the model was able to replicate flooding well at this complex coastal lake watershed. 
On the right we have a flood map at the peak of H. Matthew. (Darker blues show higher flood levels and lighter blues show lower flood levels).
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(1) Developed design storms (2) Evaluated alternatives - dredging, pumping, 
sheet flow sites, gravity drained canals

10 Yr design storm, sheet flow sites and pumps 10 Yr design storm, dredging and gravity canals

MODEL PRODUCTION RUNS

Presenter Notes
Presentation Notes
1. So how did we evaluate adaptation strategies for this lake? 
2. We created multiple design storms…. . The plot for the lake water levels for each of these storms can be seen on the top left.
3. After that we evaluated multiple engg alts. like….
4. Out of all the storms, we used the 10-yr storm to evaluate each of these engg alernatives. 
5. On the bottom left we see the drawdown in lake water levels due to water transfer to sheet flow sites and  different pump sizes.
6. On the bottom right we see the drawdown in lake water levels due to dredging and adding multiple gravity drained canals to the model. 
7. After evaluating all the results, the Hyde County Board of County Commissioners selected the gravity drained canals for further engineering design development.  
8. This system really highlights the strength of Flexible Mesh, the ability to represent complex terrains, different types of structures, rainfall-driven flows, lake and estuary water levels in one continuous domain.
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 Excellent for coastal applications: Integrated hydrodynamic and hydrologic processes 
support comprehensive coastal resiliency studies.
 Flexible unstructured mesh: Capable of accurately representing meandering rivers, 

branching estuaries, tidal creeks, and coastal inlets.
 Efficient multi-scale resolution: Allows local refinement near banks, structures, and 

shoals without unnecessary offshore or upstream refinement.
 Hydraulic structures: Includes weirs, culverts, bridges, vertical lift gates, flap gates, gravity 

gates, pipes, pumps and other control structures within the flexible mesh framework.
 User-friendly, interactive GUI: Facilitates efficient model setup, visualization, and 

analysis.
 Fully coupled system modeling: Seamless integration of hydrodynamics with waves, 

sediment transport, morphology, and water quality.

MAIN TAKEAWAYS

Presenter Notes
Presentation Notes
1. Not a storm- routing model. Doesn’t have drains or pipe infrastructure but a big improvement over other hydrodynamic models.



THANK YOU!

Contact Information:
Akash Sahu
Coastal Modeler
Coastal Protection Engineering
asahu@coastalprotectioneng.com

Special thanks to: 

Presenter Notes
Presentation Notes
With that, I’ll wrap up. Thank you for your time and attention.
I’d be happy to discuss any of these case studies in more detail.
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