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Definitions

• Independent Procedures or Processes:
1. Verification: 

• Are the equations being solved correctly?
• Does the software do what it was designed to do?

2. Validation: 
• Do the equations represent the physical system?
• Does the software meet the needs of the user?
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HEC-RAS Verification & Validation

• Categories:
• 1D Steady Flow
• 1D/2D Unsteady Flow
• 1D/2D Non-Newtonian Flow
• 1D/2D Sediment Transport

• Test Case Types:
• Analytical and Textbook data sets
• Laboratory experiments
• Field
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Research Documents 51 and 52
• RD-51

• 2D Benchmark tests developed by UK’s Joint 
DEFRA (Department of Environmental Flood 
and Rural Affairs) Environment Agency

• No analytical solutions or observed data!
• RD-52

• 1D and 2D Verification and Validation tests 
• Available from

• https://www.hec.usace.army.mil/software/
hec-ras/documentation.aspx
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Presenter
Presentation Notes
Purposes of Benchmark Study:
1. Demonstrate capabilities (e.g. wetting and drying) and features (e.g. dambreak).
2. Validate results compared to other models.
3. Compare model performance with different resolutions. 
4. To demonstrate that HEC-RAS can convergence for a wide range of computational time steps.

Purposes of Verification and Validation Study:
Verify the numerical computations are being done correctly.
Analyze the model performance (i.e. convergence, stability, simulation time, etc.) for different test cases with a wide range of dynamics and scales. 
Validate the model for a wide range of test cases representing a wide range of applications and covering as many of the model features and capabilities as possible. 


https://www.hec.usace.army.mil/software/hec-ras/documentation.aspx


Verification: 1D Backwater in Trapezoidal 
Channel
• Analytical Solution from Chow (1959)
• Problem Description

5

Parameter Value
Bottom width, b (ft) 20
Side slopes (H:V) 2:1
Bed slope 0.0016
Manning’s n 0.025
Flow rate (cfs) 400
Downstream Stage (ft) 5.0



Results: 1D Backwater
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Validation: Lower Columbia River

• Evaluation of flood risks in the 
Columbia River and tributaries 
by reservoir operations

• Purpose was to predict 0.2% 
annual exceedance (500-year) 
event
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Model Setup and Calibration

• Tidal stage BC
• 208 lateral structures
• 106 storage areas
• Calibrated to 3 flood events
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River Name
Main Channel 
Manning's n

Overbank 
Manning's n

Columbia River 0.028 - 0.035 0.05 - 0.10
Willamette River 0.03 - 0.039 0.05 - 0.15
Cowlitz River 0.025 - 0.031 0.05 - 0.10
Lewis River 0.032 0.05 - 0.10
All Other Channels 0.03 0.05 - 0.15



Results: Lower Columbia River

Peak water levels
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1996 Flood Event



• Classical Wave Equation

• Solution

Verification: Sloshing in a Rectangular Basin
• Purpose

• Temporal schemes 
• Time step convergence 
• Numerical dissipation

• Setup
• Resolution: 100 m
• Flat bed
• Depth: 10 m
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Presenter
Presentation Notes
Assuming no Coriolis, bottom friction, advection, momentum diffusion, and small amplitude waves, the continuity and momentum equations can be combined by eliminating the velocity to get the Classical Wave Equation. 

Given a close rectangular basin with a flat bed, the solution is a simple harmonic motion with different modes. m=1 is referred to as the fundamental mode and is the one analyzed here.



Sloshing in a Rectangular Basin
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Presenter
Presentation Notes
In general, the computed water levels agree very well with the analytical solution.  

The differences between computed analytical water levels increase with time due to numerical dissipation (possibly some friction loss are still there and loss due to acceleration terms).  

There is a small asymmetry in the water level which gets more pronounced with time, this is due to the diffusion and differences in travel time, which grows over the period.

The Numerical dissipation is more sensitive to the computational time step than Theta.  




Verification: Wind
• Governing Equations

• Setup
• Flat circular basin
• Linear bottom friction
• Wind in the x-direction only
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Verification: Wind
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• Classical Wave Equation

• Solution

Verification: Flood Wave
• Problem Description

• “Manufactured” solution valid for 
both DWE and SWE 

• Model Setup
• Grid Resolution: 2 cm
• Manning’s n: 0.009 s/m1/3

• Diffusion-Wave and Shallow Water 
Equations

• Time Step: 0.025 s
• Theta: 0.60
• Mixing Coefficient: 0.2 (SWE only)
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Results
Diffusion Wave Equation
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Results

Diffusion Wave Equation
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Validation: Surface Runoff 
• Experimental Setup

• Rainfall intensity: 328 mm/hr
• 3 stainless steel planes with 5% slopes
• 2 walls to block redirect flow

• Model Setup
• 2 x 2 cm grid cells
• Manning’s n: 0.009 s/m1/3

• Diffusion-Wave and Shallow Water 
Equations

• Time Step: 0.025 s
• Theta: 0.60
• Mixing Coefficient: 0.2 (SWE only)
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Surface Runoff: Results
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Validation: Green and Ampt
with Redistribution
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Parameter Value

Saturated hydraulic conductivity (cm/hr) 0.47

Suction at the wetting front (cm) 45

Saturated water content (-) 0.38

Residual water content (-) 0.06

Initial water content (-) 0.19

Pore distribution index 0.45

Comparison with Alapaha Sand 
Tests (Rawls et al. 1976)



Sudden Expansion Lab Experiment
 Inflow: 0.039 m3/s
Downstream depth: 11 cm
Slope: 0.0001
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Velocity (m/s)

0.350.0

X=0 m X=1 m X=2 m X=3 m X=4 m X=5 m

Grid Resolution: 2.5 cm
Time step: 0.0333 s
Manning’s n: 0.015 s/m1/3



Results: Sudden Expansion
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Flow Through a Bridge Opening
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* From research work of Dr. David A. Parr, Professor; Evan Deal, Research Assistant; and 
Bryan C. Young, Associate Professor, all are in the Civil, Environmental and Architectural 
Engineering Department at the University of Kansas.



Terrain
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Model Setup
 Flow BC upstream
 Stage BC downstream
Mesh resolution: 1  to 2 ft
Manning’s n: 0.0141 s/m1/3

 Time step: 0.5 s, C ≈ 1
 Shallow water equations

24

Number of cells: 20,578



Results
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Presenter
Presentation Notes
The results for Runs 1, 2, 3, 4, and 5 are in excellent agreement with the lab data throughout the piezometer reach.

The HEC-RAS 2D profiles for Runs 7, 8 and 9 were high for ∆t = 0.5 seconds as shown. Consequently, other time steps were tested to determine the “best fit” ∆t-values of 2, 2 and 4 seconds for Runs 7, 8 and 9, respectively.

The results of this study are very encouraging.  The HEC-RAS 2D model did exceptionally well in matching the laboratory data.




New Madrid Floodway and Breaches
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During the May 2011 flood in the 
Mississippi and Ohio rivers, the New Madrid 
floodway was activated by blowing up the 
levee in three locations, in order to reduce 
flooding along the Mississippi and Ohio 
rivers.

Before the levee was activated, the U.S. 
Geological Survey (USGS) went out and 
placed 38 pressure transducers within the 
floodway, in order to measure the water 
levels during the event.  

The levee system was activated by the US 
Army Corps of Engineers on May 2, 2011.

Presenter
Presentation Notes
The New Madrid Floodway is located just below the confluence of the Ohio and Mississippi rivers.  This floodway is surrounded by a levee system, which is designed to be activated during major floods.   

Approximately 9400 feet of the upper levee was activated on May 2, 2011 just after 10:00 p.m.   Later, two lower sections of the levee were also activated to allow water to drain out more efficiently.
Terrain data for the floodway was obtained with LIDAR (5 ft grid res)
Surveyed cross sections for the Mississippi and Ohio River systems.
Levee locations and elevation data was obtained from the National Levee Database (NLD)
Flow data for upstream boundaries was obtained at USGS gages
A rating Curve was used for the Downstream Boundary
Breach Data was obtained from the U.S. Army Corps of Engineers




Model Setup
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 Flood way is 40 miles long and 10 miles wide
 Grid Resolution: 500 ft

Parameter Value
Time step 2 minutes
Governing Equations Shallow Water Equations
Implicit Weighting Factor 1
Manning’s roughness 1D 
rivers

0.021 – 0.033 main channel
0.080 – 0.200 overbank 
areas

Upper Levee Breach width 9400 ft
Middle Levee Breach width 690 ft
Lower Levee Breach width 4100 ft

 Manning’s n within floodway 
based on Land Cover



Results for all 38 Locations
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Summary of Results:
Max Difference = 0.68 ft
Min Difference = 0.0 ft
Ave Abs Error = 0.29 ft



Computed vs Observed Water Levels
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Brumadinho Mine Tailings Failure
Dr. Calvin Creech (SAM)
Renato Amorim (Brazil-DNIT)
Prof Leonardo Moura (University of Brasilia),
Dr. Stanford Gibson (HEC)

Presenter
Presentation Notes
Measured is two different years of measured data, then subtracted to get the bed change.


Captured with Snagit 2019.0.1.2448  

Webcam - Integrated Webcam  

Microphone - Microphone Array (Realtek Audio)










Brumadinho Mine Tailings Failure
Dr. Calvin Creech (SAM)
Renato Amorim (Brazil-DNIT)
Prof Leonardo Moura (University of Brasilia),
Dr. Stanford Gibson (HEC)



Questions?
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