
Overview of 2D Unsteady Flow 
Modeling with HEC-RAS

Gary Brunner, P.E., D. WRE, 
M.ASCE

1



BUILDING STRONG®

Objectives
 Overview of HEC-RAS Capabilities through Examples.

 Provide basic understanding of the types of 2D models that 
can be developed with HEC-RAS.

 Provide an understanding of the types of projects that HEC-
RAS 2D models can be used for.
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Single 2D Area with Boundary Conditions
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Cherry Creek Dam Outflow

S. Platte River

Emergency Spillway

Clear Creek

Cherry Creek Outflow

Presenter
Presentation Notes
This is an example of a Dambreak model using a single 2D Flow Area with five external boundary conditions.  There are four upstream flow hydrograph boundary conditions and 1 downstream Normal Depth outflow boundary conditions.  The Dam Breach hydrograph was attached to the upstream end of the Cherry Creek reach, and the spillway flow was attached to the Emergency Spillway locations.  Normal rainfall runoff hydrographs were attached to Clear Creek and the S. Platte river.
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Cherry Creek Example Animation
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Presenter
Presentation Notes
This is an animation of a PMF flood and Dam breach for the Cherry creek river system.



BUILDING STRONG®

1D Main Channel with 2D Overbanks
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1D Channel with 2D Overbanks - Animation
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Captured with Snagit 2019.0.1.2448  
Webcam - Logitech Webcam C930e  
Microphone - Microphone (Logitech Webcam C930e)
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1D Model with a 2D Levee Area
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Saint Paul 1D/2D Levee - Animation
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Captured with Snagit 2019.0.1.2448  
Webcam - Logitech Webcam C930e  
Microphone - Microphone (Logitech Webcam C930e)
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Detailed 1D/2D Model
Sacramento River System Model

9

Presenter
Presentation Notes
This an extremely complex HEC-RAS model of the Sacramento River system.  This was a large 1D model with lots or river reaches, storage areas, lateral structures, bridges, culverts, inline structures, and storage area connections.  The Natomas area is the north western art of Sacramento.  This area is completely surrounded by levees.  The Sacramento river is on the west side, the Amercan river is on the south side, the Natomas Cross canal to the north, and the NEMDC canal to the east.  The original model had several interconnected storage areas inside the levee system to represent the interior area.  To improve the model o be able better predict arrival times, depths and velocities in the Natomas area (under the assumption of a levee overtopping or breach), the storage areas and storage area connections were removed and a single 2D flow Area was put in.  The 2D Flow Area was connected to all of the river reaches using the original lateral structures that were connected to the storage areas.
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Sacramento River System Model
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Presenter
Presentation Notes
This is a zoomed in view of the 2D Flow Area for Natomas.   The 2D flow area contains around 10,000 cells.  The original 1D model took about 17 minutes to run a 10 day simulation at a 2 minute time step.  Adding in the 2D flow area only increased the computational time to 18 ½ minutes.
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Natomas, California
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Presenter
Presentation Notes
This is an animation of the Natomas model for a 500 year event.  There are two levee breaches being modeled in this run.  One along the Sacramento river at the northwest corner of the Natomas area, and the other along the American river in the south.  This model can accurately predict what will happen if a levee is overtopped or breached anywhere in the system.  The evaluation of the Natomas area requires all the other river reaches be included in the model.  This is due to the fact that water can take many paths in the Sacramento area, do to the river bypass system and the connections from the main rivers to the bypass system.  So if a breach occurs on the Natomas levee system, more water will come down the Sacramento river towards that breach than it normal would (generally more would go down the bypass).  So there is a tremendous increase in accuracy of predicting what will happen by modeling this larger system as a combined 1D/2D model.
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Detailed Model – Single 2D Area
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Sayers Dam

Lockhaven Levee System
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HEC-RAS 2D Flow Area 
Detailed Computational Mesh
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Presenter
Presentation Notes
This plot shows a 2D area representing the interior area of a levee.  The 2D Flow Area was developed by drawing a detailed polygon of the area and then selecting a nominal cell size.  The computational mesh was generated from the detailed polygon; break lines for levees; and the user entered cell size.  Boundary cells vary in shape and size to follow the detailed polygon boundary.  Interior cells can also vary in shape and size, as shown for the cells around the break lines.  Cells can be three sided, four sided, five side, etc… up to eight sides.
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HEC-RAS 2D Flow Area 
Detailed Computational Mesh
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Presenter
Presentation Notes
This plot shows a 2D area representing the interior area of a levee.  The 2D Flow Area was developed by drawing a detailed polygon of the area and then selecting a nominal cell size.  The computational mesh was generated from the detailed polygon; break lines for levees; and the user entered cell size.  Boundary cells vary in shape and size to follow the detailed polygon boundary.  Interior cells can also vary in shape and size, as shown for the cells around the break lines.  Cells can be three sided, four sided, five side, etc… up to eight sides.
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Detailed Model – Single 2D Area - Animation
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Sayers Dam

Lockhaven Levee System


Captured with Snagit 2019.0.1.2448  
Webcam - Logitech Webcam C930e  
Microphone - Microphone (Logitech Webcam C930e)
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Monticello Dam Breach Example
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Presenter
Presentation Notes
This is an example of a quick Dam Break model I put together for fun.  This is Montecello Dam, which is on Puta Creek west of Davis (just west of the town of Winters).  I had the Reservoir pool and dam information from a previous study.  I drew a storage area, dam, and a huge 2D Flow Area to cover most of the Sacramento valley.  The I put in an event an performed a hypothetical breach of the Dam.  
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Monticello Dam Breach Example
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Presenter
Presentation Notes
This is an animation of the hypothetical Dam Breaching of the Montecello Dam.  This shows the potential of what HEC-RAS can be used for.  This model was put together very quickly (less than 1 hour).  So this is a very rough/preliminary model, and does not represent a detailed analysis of this area.  So the answers from this model should be considered approximate/preliminary.   A detailed modeling of this area would require a lot of time modifying the computational mesh to ensure that all of the levees, roads, and high ground barriers to flow are captured accurately with the cell Faces. (i.e. the cell Faces must line up along the centerline of the levees. Roads, and high ground areas in order to acurately capture the higher elevations in the cell Faces.  The cell Faces control the water movement or whether or not water can go over a levee, road or high ground area.
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Oroville Dam – Failure Analysis
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Oroville Dam – Failure Analysis
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Oroville Dam – Failure Analysis
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Oroville Dam – Failure Analysis - Animation
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Captured with Snagit 2019.0.1.2448  
Webcam - Logitech Webcam C930e  
Microphone - Microphone (Logitech Webcam C930e)
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2D Bridge Modeling
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Multiple Bridges
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Captured with Snagit 2019.0.1.2448  
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Pump Stations Example
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Pump Stations Example
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Detailed Modeling of Gates – Orleans Canal
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Detailed Modeling of Gates – Orleans Canal
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Orleans Canal - Animation
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Captured with Snagit 2019.0.1.2448  
Webcam - Logitech Webcam C930e  
Microphone - Microphone (Logitech Webcam C930e)
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Gridded Precipitation and Infiltration  example
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Captured with Snagit 2019.0.1.2448  
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Hurricane Laura Precipitation


Captured with Snagit 2019.0.1.2448  
Webcam - Logitech Webcam C930e  
Microphone - Microphone (Logitech Webcam C930e)






BUILDING STRONG®
31

Hurricane Laura Wind Field
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Hurricane Laura Water Surface
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Questions?
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