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Lecture 5 Overview 

• Overview of components 

• Hydrology data development 

• Boundary conditions 

• Computational options and tolerances 

• Model stability, run times, and accuracy 

• Executing a model run 
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HEC-RAS 5.0 2D Process 
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External Boundary Conditions 

• Location defined in geometry 

• Data input into unsteady flow  

• Flow hydrograph 

• Stage hydrograph (inflow/outflow) 

• Normal depth (inflow/outflow) 

• Rating curve (outflow) 

• Precipitation  

– Applied to 2D model area 
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Hydrology Development 

• Inflow Hydrograph 

–Developed with same 
methods as 1D model 

• Rain-on-grid 

–Apply precipitation 
directly to computational 
mesh 

–Specific to 2D model 
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Calculating Peak Flows 

• Peak flow analysis  USGS Bulletin 17B 

–Gage data (USGS, state agency, USACE, etc.) 

–Greater than 25-years period of record preferred 

–PeakFQ is a great free tool 

–Leverage published data for consistency (FEMA, 
USGS, etc.) 

–Skew and high/low outlier values need to be 
adjusted specific to region 
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PeakFQ 
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Peak Flows Continued 

• Regional Regression Equations 

• Rainfall-runoff hydrologic model 

–SCS or other method 

–Calibrate hydrology before hydraulic modeling 
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Hydrograph Shape 

• Unit Hydrograph Methods 
– Based on actual gaged events 
– Instantaneous or daily data 
– Time to peak 

• Synthetic Hydrograph 
– Similar watershed or regional 

data 

• Rainfall-runoff hydrologic 
model 
– Shape depends on basin 

parameters and assumed 
storm distribution 

– Calibrate to historical event(s) 
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Adding Boundary Conditions (BCs) 

• Geometry Editor SA/2D Area BC Lines 

• Draw at specific model boundary locations 

• Can draw as many BCs as needed 

–Two BCs can’t share the same cell face, this will 
produce an error 

• Each BC drawn in the geometry file will show 
up in the unsteady flow file editor 
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Inputting BC Data 
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Precipitation (Rain-on-Grid) 

• Applied to 2D computational mesh 

• HEC-RAS does not account for losses 

–Develop excess precipitation hyetograph through 
external hydrologic model (e.g., HEC-HMS) 

• Requires “watershed approach” to account for 
all contributing areas 

• Useful for large scale model applications 

 

July 25, 2017 12 



Rain-on-Grid Development 
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Rain-on-Grid Development 
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Add Precipitation Boundary 
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Computational Considerations 

July 25, 2017 16 

Accuracy 

Stability Run Times 



Computational Timestep 

• Plan file editor window 
• Computational Interval 

(timestep) 
– Frequency of model 

computations  
– Courant Number Criteria 
– Relates to grid cell size 

(depends on equations) 

• Model results must be 
reviewed carefully for 
instabilities 

• Adjust grid cell size and 
timestep 
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Courant Number 
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• Should aim for 
C < 1 based on 
average 
velocities 



More Computational Options 
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Equation Set 

• Diffusion Wave 
– Simplified Momentum Equation 
–Greater numerical stability 
– Less accurate, faster run times 

• Full Momentum (St. Venant) 
– Less stable, requires much smaller timestep  model is 

solving much more complex set of equations 
–More accurate, slower run times 

• Recommended procedure 
–Use Diffusion Wave to build model, then run with Full 

Momentum 
– If large differences, trust Full Momentum 
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More Equation Info 

• Scenarios that always require full momentum: 

–Dynamic flood waves (e.g. dam breaches) 

–Sudden expansions and contractions 

–Wave propagation analysis 

–Super elevation around bends 

–Multiple hydraulic structures (bridges, bridge piers 
etc.) 
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Simplified Computation Process 
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Starting Depth 

Movement of water 
between cells calculated 
based on starting depth 

and cell face rating curve 

New cell volume 
calculated based on flux 

over computational 
timestep 

Depth in each grid cell 
extracted from volume-

depth rating curve 



Model Instabilities 

• Initial wetting of grid cell 
– Cell goes from dry to large depth, causes a spike in depth 

and velocity due to instability 
– Review initial wave via animations 

• High velocity areas 
– Steep reaches, abrupt contractions 

• Adjustments? 
– Timestep 
– Grid cell size 
– Grid cell alignment 
– Manning’s n 
– Equation set 
– Warmup? 
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Identifying Instabilities 
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Model Run Time Considerations 

• Should always prioritize accuracy, but run time 
often a constraint with large models 

• Preliminary runs with larger timestep 

• Refine model with smaller timesteps 

• Use larger nominal grid cell size, refine in areas 
where more detail is necessary via breaklines 
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Model Run Setup 

• Name plan  

–Logical name; can’t 
change these later 

–Short ID will show up in 
RAS Mapper 

• Select Geometry and 
Unsteady Flow files 

• Plan description 
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Executing a Model Run 

• Programs to Run 
– Geo. Preprocessor 

– Unsteady Flow 

– Post Processor 

• Simulation Time 
– Inundation study: Long 

enough to route peak 
through model domain 

• Computational Settings 
– Output intervals 

– Timestep: Already discussed! 

• Compute! 
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Did it work? 

Good!         Not Good…. 
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Errors 

• Many error possibilities, HEC-RAS may provide 
good information or cryptic messages 

• Only gives one error at a time 
–Long process with large mesh 

–Runs preprocessor, then gives error 

–Best practice to spend more time avoiding 
problems 
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Questions 
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