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Objective
 The purpose of this lecture is to show examples of detailed 2D models that 

were developed with HEC-RAS, and to discuss how they were developed 
and the requirements to have them work correctly.

 The following examples will be shown:
 Instantaneous Dam/Levee Breach into a building
 Super Elevation around a Sharp Bend
 Tidal Louisiana Example
 Detailed Bridge Modeling
 Elevated Structure with piers in the floodplain
 Pump Station with Gate Openings
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2D Hydraulics
 Mass Conservation (Continuity)

 Full Momentum Equation (SWE - Shallow Water Eqns.)
 Gravity and Friction
 Hydrostatic pressure
 Acceleration (local and convective)
 Turbulent eddy viscosity (optional)
 Wind Forces (optional)
 Coriolis term (optional)

 Diffusion Wave Equation
 Gravity and Friction
 Hydrostatic pressure
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Instantaneous Dam/Levee Break
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 Equation set = Full Saint Venant, SWE
 Grid Size = 2 m X 2 m (36492 cells)
 Time step = 0.5 to 2.0 variable time step
 Starting Pool Elev = 8 m (26.24 ft)
 Starting Condition = Dry downstream
 Breach Time = Instantaneous

Theta = 0.8
Eddie Viscosity Coefficients DL and DT = 0.35
Dimensions: 75 m X 2000 m
Slope = Flat
Simulation Time Window = 30 minutes
Computational Time =  37 sec

Presenter
Presentation Notes
This is an example of a truly instantaneous breach of a Levee or Dam (however you want to look at it).  The pool on the left starts with water 8 meters deep, and the very first time step the water is released with nothing to block it.  There is a building downstream, represented in the terrain.  This is about as extreme as you can get, for testing a model to the limits.  The flow passes through critical depth right away, and the leading edge of the flow is supercritical.  The water hits the side walls and the building and rises up rapidly creating wave action off the walls and the building.  Disturbances cause the water to go subcritical in front of the building and a hydraulic jump forms upstream of the building.  
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Instantaneous Dam/Levee - Animation
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Presenter
Presentation Notes
This is an animation of the instantaneous breach, showing the extremely rapid floodwave movement and wave bouncing/propagation.  Only the Full Saint Venant equations can get accurate results in this type of situation.  I.E. meaning if you wanted to know the details of the water surface and velocities as the floodwave hits the building and the walls, then the full equations should be used to get the most accurate answers.
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Instantaneous Dam/Levee Breach 
WSE Animation
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Presenter
Presentation Notes
This is an animation of the water surface elevations for the same problem and event.  The water surface elevation animation shows in great detailed the changes in the water surface from sub critical to super critical, through a hydraulic jump in front of the building, the wave action going on, and the wake behind the building.


Captured with Snagit 2019.0.1.2448  

Webcam - Logitech Webcam C930e  

Microphone - Microphone (Logitech Webcam C930e)
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Instantaneous Dam/Levee Breach 
Velocity (m/s) - Animation
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Presenter
Presentation Notes
This is an animation of the water surface elevations for the same problem and event.  The water surface elevation animation shows in great detailed the changes in the water surface from sub critical to super critical, through a hydraulic jump in front of the building, the wave action going on, and the wake behind the building.
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Super Elevation around a 180 Degree Bend
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 Equation set = Full Saint Venant
 Grid Size = 4 ft X 4 ft
 No. Cells = 8177
 Time step = 0.5 seconds
 Event Duration = 4 hours
 Run Time =  6 minutes
 Theta = 0.8
 Eddie Viscosity Coefficients = 0.5

 Rectangular Channel with width = 100 ft
 Slope = 1 ft/mile
Water Depth = around 5.0 ft
 Flow Rate = 3000 cfs

Presenter
Presentation Notes
This is a model of a 180 Degree Bend.  This is adapted from a flume study example in Chow’s “Open Channel Hydraulics”.  However, the dimensions are for a full scale bend, so the results are not directly comparable to the flume study.

This example demonstrates the capability to model and predict super elevation around sharp bends.  This type of analysis requires the use of the Full Saint Venant equations in order to get the right answers.  Super elevation around a bend requires taking into account the acceleration and deceleration of the water.
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Super Elevation around a Bend - Results
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 Computed Super Elevation from A to B = 1.44 ft
 Equation Predicted (Chow’s Open Channel Hydraulics) = 1.5 ft
 Velocity at Approach = 6.2 ft/s
 Max Velocity on Inside of Bend at point A = 9.0 ft/s
 Min Velocity on outside of Bend at point B  = 3.9 ft/s

A

B

Presenter
Presentation Notes
Shown is the computed water surface elevations at the peak flow of 3000cfs.  There is a computed Super Elevation of 1.44 ft.  The elevation varied from a low of 14.0 ft at point A to a maximum of 15.44 at Point B. An equation from Chow’s Open channel hydraulics book, for predicting super elevation by hand, predicted about 1.5 ft of Super elevation for these exact dimensions.  So the results of the model and the equation are very similar. Velocities also varied greatly in the bend, with a maximum velocity of 9.0 ft/s just inside of point A, and a minimum velocity of 3.9 ft/s near B. 
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Super Elevation around a Bend - Animation
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Velocity ft/s

Presenter
Presentation Notes
Shown is an animation of the computed water surface elevations from a flow of 1000 cfs up to 3000 cfs.
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Tidal Louisiana – Boundary Conditions
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Diversion Inflow Hydrograph:
Zero to 80,000 cfs

Downstream Boundary:
Measured Stage Hydrograph 

representing the Ocean tide

Initial Conditions:
Restart File from previous run
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Presenter
Presentation Notes
This is an example of a 2D model with a Tidal Boundary Condition out in the Ocean.  The model also has a proposes inflow, diverting water from the Mississippi into the marsh area.  Any model that uses a Tidal boundary condition must be run with the Full Saint Venant equations in order to correctly account for the wave propagation of the tide inland.  The Tide comes in, and in addition to the height of the water, the velocity of the wave produces momentum.  To accurately propagate waves like this, you must include the acceleration terms in the equations.  The Diffusion Wave equations do not include the acceleration terms, so they should not be used for any problem with a tidal boundary condition that will propagate up through the system being modeled.
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Tidal Louisiana - Numeric's
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 Equation set = Full Saint Venant
 Grid Size = 500 ft X 500 ft
 Time step = 2 minutes
 Theta = 0.8
 No. Cells = 211676
 Event Duration = 7 Months (210 days) 
 Run Time = 1 hours 7 minutes

Flow 
Diversion

Tidal Stage 
Hydrograph

Presenter
Presentation Notes
This slide shows the extent of the 2D mesh and has the specifics on the cell size, no of cells, etc…  500 ft cells can be used in a model like this for many reasons.  First, the terrain and the water surface is extremely flat.  Second, the HEC-RAS feature of accounting for the details of the terrain and the Faces, allows for the modeler to use larger cells and still represent the details of what is happening.  Third, the wave action from the tide coming in and out is not that fast, so a 500 ft grid cell size can still accurately represent the slope of the water surface from the tide going in and out, as well as the slope of the water surface where the proposed inflow is coming into the domain.
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Tidal Louisiana – Animation
Water Surface Elevation
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Presenter
Presentation Notes
This is an animation of the model run, but showing Water Surface Elevations instead of water depth.  With this flat terrain, colored water surface elevations show how the water moves in great detail.  This type of plot makes it much easier to understand how the water is moving, both from the tidal boundary, as well as the proposed inflows to the model from the Mississippi.



Captured with Snagit 2019.0.1.2448  

Webcam - Logitech Webcam C930e  

Microphone - Microphone (Logitech Webcam C930e)
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Detailed Bridge Modeling
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 Equation set = Full Momentum
 Eddie Viscosity Coefficient 

Conservative DL and DT = 0.5
 Grid Size = 2x2 ft up to 8x8 ft
 Time step = 0.2 seconds
 No. Cells = 45,000
 Event Duration = 20 min. Steady Flow
 Run Time = 3min 39s
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Detailed Bridge Modeling
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Presenter
Presentation Notes
4 ft Piers.  2 ft Grid cells
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Detailed Bridge Modeling
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Presenter
Presentation Notes
0.5 ft contours on top of colored WSE
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Detailed Bridge Animation
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Detailed 2D Flow Area Model of Proposed 
Structure with Piers in Floodplain 
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Presenter
Presentation Notes
This model simulates a project planned along the banks of a major stream, where some grading and supports are being proposed to elevate a new structure above an existing floodplain.   The supports for the new structure are typically 6-ft diameter cylinders, though there is some variation in size and shape. The design flood event will overtop the banks of the main channel and interact with these supports.  A 2-ft mesh was developed using a surface grid for the terrain that had the proposed supports imbedded.  The small grid size enabled very detailed simulation of the hydraulics around these proposed structures. 
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3D View of Proposed Structure Piers
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Presenter
Presentation Notes
This is a 3D view of the proposed structure and the piers.
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Proposed Structure with Piers - Continued 
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 Equations = Full Saint Venant
 Grid Size = 2 ft X 2 ft
 Time step = 0.2 second
Turbulence – Conservative

DL and DT = 0.2
 No. Cells = 454,603
 Event Duration =  12 hours
 Run Time = 6 hours 54 minutes

Presenter
Presentation Notes
This is an extremely detailed model with close to ½ million computational cells that are very small (2 ft X 2 ft).  The small cell sizes were required to represent the piers accurately.  With such small cell sizes, the computational time step had to be very small.  In this case a 1 second time step was used for the Diffusion wave model.  The Diffusion wave equations were used to run the entire flood event.  A Hotstart file was written out around the Peak flow, then a second Plan using the Full Saint Venant equations was run for around an hour of simulation time (enough time for the equations to settle down to an answer).
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Pier/Mesh Details
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Presenter
Presentation Notes
This is an extremely detailed model with close to ½ million computational cells that are very small (2 ft X 2 ft).  The small cell sizes were required to represent the piers accurately.  With such small cell sizes, the computational time step had to be very small.  In this case a 1 second time step was used for the Diffusion wave model.  The Diffusion wave equations were used to run the entire flood event.  A Hotstart file was written out around the Peak flow, then a second Plan using the Full Saint Venant equations was run for around an hour of simulation time (enough time for the equations to settle down to an answer).
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Proposed Structure with Piers - Animation
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Presenter
Presentation Notes
This is an animation of a large flood that would show the impact of the proposed structure on the water surface elevations in the river and floodplain, as well as any increased velocities due to the structure and the piers.  


Captured with Snagit 2019.0.1.2448  

Webcam - Logitech Webcam C930e  

Microphone - Headset Microphone (Logitech H820e)
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Velocity Tracking and Colored Grids
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Presenter
Presentation Notes
This plot shows both velocity tracers and colored velocity cells.  The darker color represents higher velocity, and the lighter colors represent lower velocities.  The effect of the piers on local velocities is very dramatic and clearly visible in this type of plot.
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Water Surface Elevation with Contours
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Presenter
Presentation Notes
This plot shows water surface elevation in color, along with elevation contours at 0.1 ft intervals.
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17th St. Pump Station with Gate Openings
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 Equation set = Full Momentum
 Grid Size = 1x1 ft up to 4x4 ft cells
 Time step = 0.1 seconds
 Eddie Viscosity Coefficient = 0.5
 No. Cells = 104197
 Steady Flow 12500 cfs
 Event Duration = 20 minutes
 Run Time = 17 minute 4 seconds

Presenter
Presentation Notes
This is a model of a proposed Pump Station design with gated culverts for the 17th St. outfall location, in New Orleans.  The model is being run with the pump stations off and the gates wide open on the culverts, such that there is Open channel flow through the culverts.  The purpose of this model was to see if the culvert openings alone could handle a flow of 12500 cfs, and to also evaluate the velocities through the culverts.

“During tropical or non-tropical rainfall events, when Lake Pontchartrain’s elevation is at or below +4.0 ft NAVD88 the gate structure will remain open and all of the pumped discharge will transit the gates. As soon as the lake level goes above, or is predicted to go above +4.0 ft NAVD88, operations will begin to close the gates in the bypass structure and pumping will begin.”
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Boundary Conditions
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Upstream Flow Hydrograph:
0 to 12500 cfs  over 5 minutes

Downstream Boundaries:
Stage Hydrograph = -1.0 feet

Initial Conditions:
Flat water surface at -1.0 feet

Upstream Flow 
Hydrograph

Downstream Stage 
Hydrograph

Pump Station

11 Gate Openings

Presenter
Presentation Notes
This slide shows the boundary conditions setup for the model.  There is an Upstream Flow hydrograph attached to the 2D Flow Area along the entire length of the channel. (Bottom end of the slide).  Then there is a Stage Hydrograph at the downstream end of the model (North end of the graphic).  The initial conditions were set to a water surface elevation of -1.0 feet for both the 2D Flow Area and the Stage hydrograph. 

The flow hydrograph was ramped up from a starting flow of zero to 12500 cfs very quickly, just 5 minutes.  The model was run for 30 minutes to ensure that it settled down to a constant water surface elevation for the peak flow and downstream stage.
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Mesh Details – Gate Openings
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Presenter
Presentation Notes
This Figure is a zoomed in view around the culvert openings so you can see the details of the mesh. There is a wall between all of the culverts that is around 4 feet wide.  The grid size of 1X1 feet in the area of the culverts, which picks up the wall in the middle, as well as the culvert openings and outer walls.  Because the HEC-RAS Faces are detailed cross sections, much more detailed is picked up with this grid size than what you would get from other 2D models that use single elevations per cell and Face.
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WSE HEC-RAS 2D and Fluent 3D
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Water Surface
2.30 ft

WSEL ft

Presenter
Presentation Notes
This is a plot of the same event modeled with FLUENT 3D and HEC-RAS 2D.  They both predicted a water surface elevation of around 2.3 ft upstream for the 12,500 cfs with -1.0 ft boundary condition downstream.  The plot shows water surface in color.  The results are not exactly the same, but very similar.  RAS 2D is doing a very good job reproducing the water surface elevations predicted by the 3D model.
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Velocity HEC-RAS 2D and Fluent 3D
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Presenter
Presentation Notes
This is a plot of the depth averaged velocities from RAS 2D on the left and Fluent 3D on the right.  Again, the results are not exactly the same but they are very similar.  
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Velocity Plotting RAS 2D and Fluent 3D
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Presenter
Presentation Notes
This is a cross sectional plot of the water surface and velocity for RAS 2D on the top, and Fluent 3D on the bottom.
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Flow and Velocity Comparison
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Gate # 1 2 3 4 5 6 7 8 9 10 11

Flow
RAS 1034 1135 1164 1154 1149 1120 1131 1148 1122 1466 988

Flow
FLUENT 1091 1124 1110 1110 1102 1083 1099 1132 1144 1491 984

Ave.
Velocity
RAS

9.24 9.91 10.28 10.30 10.63 10.40 10.77 11.2 11.13 10.34 6.13

Ave.
Velocity
FLUENT

9.70 9.92 9.82 9.90 10.00 10.00 10.35 10.79 10.99 10.25 6.78

Presenter
Presentation Notes
This table shows the computed flows through the gates and the average velocity through each gate as predicted by RAS 2D and Fluent 3D.  

Fluent 3D was used for the final design of this structure.  HEC-RAS was used to run several combinations of flow rates and lake levels for analysis of the final design.  The Fluent 3D model takes 3 days for a run of this system, while the RAS 2D model takes around 50 minutes.  
Another way to use HEC-RAS 2D for designs like this, would be to use it to get a first cut design, or even a few possible designs.  The run the 3D model on these proposed designs.  This would greatly reduce the number of runs required by the 3D model, thus reducing the time and effort to develop the final design.
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Velocity Animation
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Detailed Modeling Summary
 Detailed modeling requires the following:

 Selecting the Correct Equations for the problem:
 Full Momentum (SWE, Saint Venant Equations)
 Diffusion Wave (No acceleration terms)

 The correct computational mesh for the problem
 May need to use variable grid shapes and sizes, break lines and 

refinement regions.
 The right time step given the grid size and velocity

 Use the Courant Condition Guidelines provided.
 Turbulence Modeling - Use Eddie Viscosity coefficients if 

needed (Calibration parameter)
 Possibly use Theta less than 1.0 (0.6 to 1.0 should be tested)

 Definitely needed for tidal boundary conditions
33
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Detailed Modeling Summary-Continued
 The Full Momentum Equation SWE  is required for:

 Rapidly rising and falling flood waves (dam break, etc..)
 Detailed water surface elevations and velocities around an object.  

Including wave run-up in front of and around an object.
 Detailed mixed flow regime: sub to supercritical flow transitions, and 

hydraulic jumps (super to subcritical)
 Tidal boundary conditions (wave propagation upstream)
 Super elevation around bends
 Abrupt contractions and expansions of the flow with high velocities, as 

well as flow approaching structures on an angle.

34

Presenter
Presentation Notes
One must also consider the purpose of the model.  Is the purpose of the model to evaluate an area or a structure in great detail?  If so, then this type of modeling is necessary.  If the purpose of the model is to look at a flood for a larger area, and computed the water surface elevations, depths, velocities and travel times, with reasonable accuracy, then larger grid cells and time steps can be used, as well as using the Diffusion Wave equations where appropriate!!!
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Questions?
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