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ERDC’s Coastal Storm-Modeling System 
 (ERDC CSTORM-MS) 

Next Generation Workflow 

Not just 
hurricanes and 
not just in the 
Gulf of Mexico. 

Expandable and 
upgradeable system. 

Application of high-resolution, highly skilled numerical models in 
a tightly integrated modeling system with user friendly interfaces 

Provides for a robust, standardized approach to establishing the risk 
of coastal communities to future occurrences of storm events. 
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Presenter
Presentation Notes
ERDC’s Coastal Storm Modeling System provides for a robust, standardized approach to establishing the risk of coastal communities to storm events.  It is the application of high-resolution, highly skilled numerical models in a tightly integrated modeling system with user friendly interfaces (SMS – Surface Water Modeling System).  Spiral 1 contains the following models, Planetary Boundary Layer Model, WAM – for deep water waves, and a tightly two way coupled ADCIRC + STWAVE.  Each model can be configured and run independently.  WAM is presently used mainly to provide boundary conditions to the near shore wave model STWAVE.The system is physics based and is not solely intended for use on hurricanes, it is equally applicable to other kinds of storm events like nor’easters or just normal day-to-day conditions.  The system is designed to be relocatable to your area of interest.  It is also designed to be expandable, for example bed morphology is being incorporated now.



Innovative solutions for a safer, better world BUILDING STRONG® 

Chris Massey & Jeff Melby  USACE-ERDC-CHL 

SMS GUI’s 

• New GUI for Project Overview 

• New GUI for MORPHOS PBL Cyclone Model 

• New GUI for CSTORM Coupled Models 

• Updated GUI for AdH 

• New GUI for WAM Wave Model 

•Updated GUI for STWAVE 

• Updated GUI for ADCIRC 

Through the SMS GUI’s users can setup and 
execute models as well as visualize model results. 
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ADCIRC Coastal Circulation and Storm Surge Model 

•  An unstructured finite 
element hydrodynamics 
model   

•  2D and 3D simulations 

•  Wetting/Drying algorithm 
allows for storm surge 
inundation over previously dry 
land 

•  Highly portable code 

•  A part of ERDC’s Coastal 
Storm Modeling System 

http://adcirc.org  

Preliminary Surge Modeling for Sandy 
• Used two meshes 

• EC2001FIMP Grid  
• FEMA Region 2 Grid 

• Used tidal forcing and the imbedded asymmetric 
vortex Holland wind/pressure model* 
• Wind model inputs derived from the NHC 
forecast using the ASGS 
• Advisories 22 – 31 were simulated 
• Advisory 26 results sent to NAN. 

EC2001FIMP Grid  FEMA Region 2 Grid 
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Presenter
Presentation Notes
ADCIRC is an unstructured finite element model for simulating 2D and 3D shallow water flows and includes a robust wetting and drying algorithm that lets it capture storm surge inundation over previously dry land.  (ADCIRC and ADH both solve variants of the Shallow Water Equations for circulation velocity and sea surface elevations.)  ADCIRC is a part of ERDC’S Coastal Storm Modeling System that among other things allows for coupling between circulation and wave models and a user friendly graphical user interface (GUI).  For the Hurricane Sandy effort, CHL used two different ADCIRC meshes that have a high degree of resolution in the NY/NJ area.  This first is a grid called EC2001FIMP which is a single grid made from two existing meshes, the EC2001 grid that was used for creating the East Coast tidal database and the FIMP grid (Fire Island to Montauk Point) that was used in the FIMP study by NAN and has very high resolution in the Long Island area of NY.  The second grid is a grid used the FEMA’s region 2 for there flood map update studies.  It has high resolution and includes land in the New Jersey area, much more so than the EC2001FIMP grid.  While it also has high resolution in the Long Island area, it is less resolved in that area than the EC2001FIMP.  Both ADCIRC meshes were used to complete simulations of potential surge beginning with NHC advisory 22 and continuing through advisory 31.  Both grids were run at the same time using ERDC’s DSRC resources.  A five day simulation took about 1 and a half hours to complete.All simulations included tidal forcing conditions which are very important to include in the northern Atlantic as tidal ranges are much more significant there than say in the Gulf of Mexico.  In addition to tides, the primary forcing for the model was winds and pressures.  The winds and pressures were computed using an embedded assymetric Holland vortex model within ADCIRC.  The inputs to the Holland model (storm track, radius of maximum winds, minimum central pressure, etc…) were derived from forecasts issued by the NHC using the ASGS (ADCIRC Surge Guidance System) in collaboration with it’s creators Dr. Jason Fleming and Dr. Rich Luettich.  Results from Advisory 26 were used to provide additional inputs to the GSSHA model (described in a few slides) that provides estimates to overland flow flooding from rain fall, stream flows, and coastal surges.  The ADCIRC and GSSHA results for Advisory 26 were passed to NAN at the requested time of noon New York local time on Monday October 29, 2012.

http://adcirc.org/�
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FEMA Region II Mesh Details 
Colors Represent Element Size in Meters 
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Presenter
Presentation Notes
92 percent of all nodes in this mesh are in the area of interest.
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Comparison of Hurricane Sandy Water 
Elevations (ft MSL) at the NOAA Gauge at 

the Battery, NY 

Datum Conversions at this Location 
MSL to NAVD88 subtract 0.21 ft 
MSL to MLLW add 2.57 ft 

UTC Time 

7 

*Preliminary Results 

Presenter
Presentation Notes
*The winds and pressures that were generated by the model have a limited range of coverage around the center of the storm.  The accuracy of the winds/pressures fall off the further from the storm center a location is. We believe that limited range of the wind field is why we are missing the slow rise in water levels prior to land fall.  Comparisons to several NOAA stations in the area, confirm that the wind speeds computed by ADCIRC are too low leading up to landfall, particularly from Oct. 27, 2012 1200 hours through Oct. 29, 2012 around 0600 hours UTC.
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      Location 
of Tunnel 
Entrance/Exit 

ADCIRC Total Water 
Depth (feet MSL) 

Total Water 
Depth (ft MSL) 

Results from ADCIRC, using the 
FEMA Region 2 Mesh and NWS 
Forecast Winds from Advisory 31 
of Hurricane Sandy. 

Datum Conversions at this Location 
MSL to NAVD88 subtract 0.21 ft 
MSL to MLLW add 2.57 ft 
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*Preliminary Results 

Presenter
Presentation Notes
Here is what we have from the ADCIRC simulation.  These results are from the FEMA Region II mesh which is relative to MSL and using the NWS advisory 31 to produce the winds/pressures. No waves, just tides and surge. In the immediate vicinity of both the Manhattan and Brooklyn entrances to the Brooklyn-Battery Tunnel, the maximum water elevation relative to MSL was about 11.1 feet, which is about 10.9 feet relative to NAVD88 and 13.67 feet relative to MLLW.  From the ground elevation we have this is indicative of flooding from both directions. However, the ADCIRC results are very close to the wet/dry interface and topo/bathy values in the mesh are not entirely sufficient to draw hard and fast conclusions.  The ADCIRC mesh is not designed for resolving details at this scale.  The water surface elevation values provided above can be used in conjunction with a detailed elevation data source and knowing where any emergency protective features would be placed.
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SMS GUI for WAM 

• Create and visualize 
WAM grids and model 
results 

• Setup input/control files 

• Execute WAM Close-up view 
of WAM Grid 

WAM Controls 

New to the SMS 

Presenter
Presentation Notes
Highly the fact that in the SMS (11.0) you can completely setup, run, and visualize WAM results.
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STWAVE Version 6.0 
 STWAVE is a steady-state finite 

difference model based on the 
wave action balance equation. 
 

 The model is used to compute wave 
transformation (refraction, shoaling, 
and breaking) and wind-wave 
generation. 
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Some features of the full-plane model include: 
 Wave transformation and generation on the 

full 360-deg plane. 
 Option for spatially variable winds and surge. 
 Option for spatially constant or spatially 

variable bottom friction. 
 Option for one-dimensional wave 

transformation on lateral boundaries. 

SMS GUI for STWAVE 

Presenter
Presentation Notes
Next two slides are on STWAVE.  Mention the SMS gui being available for the new version.
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SMS GUI for Cyclone 
Models 

• Setup and run the MORPHOS-PBL 
Cyclone Wind Model* 

• Import storms from HURDAT 
          

Easily create perturbations for storm track/characteristic 

11 

*Updated version of TC96 

Synthetic storm profile generation routine  

Presenter
Presentation Notes
Showing the perturbation and the ability to just point an click to create the track for a project area.
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Example SMS GUI’s for 
CSTORM-MS 

Fine level specification of overlapping regions. 

Project summary views 

Presenter
Presentation Notes
SMS interface allows the user to specify other than the default ways of combining overlap data. Project summary allows for both a time line view, a spatial view, and a table showing the start-stop times of each model, the resources allocated (# of processors) and how data is exchanged.
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AdH 

Shallow Water 
Equations 

Computational Engine 
(FE utilities, preconditioners,  

solvers, I/O to xMS GUIs) 

Unsaturated 
Groundwater 
Equations 

Navier-Stokes 
Equations 

Presenter
Presentation Notes
The philosophy guiding ADH is to combine finite element utilities with various preconditioners, solvers, and input/output techniques into one computational engine.  This central engine would drive unsaturated groundwater equations, navier stokes equations, and shallow water equations.  All working within one system.
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Features of 
ADH Shallow Water 
 Adaption 
 Part of System-wide program 
 Links to CRREL, HEC, NFS 
 Internal links to groundwater 
 Supercritical and subcritical 

flow 
 Vessels 
 Static lids (culverts, floating 

guidewalls, . . .) 
 Friction Library (vegetative, 

Manning’s, ice) 
 Linking to WQ library and ICM  

 Structures (weirs, flapgates, …) 
 Bendway correction 
 Baroclinic 
 Coupled sediment transport 

(sands, clays, mixed) 
 Wave effects on sediment 
 Portable – PC to distributed 

memory HPC 
 Dam failure, levee over-topping 

(example Ark-White-Miss River) 
 Local Mass Conservation 
 3D companion for 2D shallow 

water 
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Philosophy: Efficient and Robust 

Model Components  
• Quasi-3D Shallow Water Hydrodynamics 
• Probabilistic Representation of Sediment Transport 
• Includes both Wave and Current Transport 
• Bed load and Suspended load 
 

Advances in Morphology Response 
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Pre-Katrina 

Post-Katrina 

Pre-Katrina Post-Katrina Model vs Measured 

Modeled  

Mississippi Coastal 
Improvement 

Program (MsCIP)  
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