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• Sediment transport amplifies hydraulic 
modeling errors (in 1D and 2D)

• Calibrate and refine your hydraulic model 
before you add sediment.

Big Ideas



Stage 4: “Validation” (Multiple Time Series Analysis)

If Possible:

• Calibrate and refine your hydraulic model 
before you add sediment.

Big Ideas

Stages of Sediment Calibration



1. Top Two Issues

2. Mesh Best Practices

3. Computational Best Practices

Hydraulic Best Practices for 2D Sediment Modeling



1. Top Two Issues
• Time Step
• Cell Faces and High Ground

2. Mesh Best Practices

3. Computational Best Practices

Hydraulic Best Practices for 2D Sediment Modeling





A 2D model has:
a regular cell size of 100m and
an average velocity of 2 m/s.

Hint:

What is a good 
starting time step?

100 m

2 m/s



A 2D model has:
a regular cell size of 100m and
an average velocity of 2 m/s.

Hint:

100 m

2 m/s



Selecting an Appropriate Timestep

Or….
…let RAS compute it



Selecting an Appropriate Timestep…
…Let RAS Do It

1,2,4
Just < Max/2

2-8

• Based on the “critical cell” – smallest or fastest

• Works best if cell size is relatively regular

• Can reach time steps <0.1s



Adaptive Time Step Video Tutorial

https://youtu.be/kcBrOML3iS0



1. Top Two Issues
• Time Step
• Cell Faces and High Ground

2. Mesh Best Practices

3. Computational Best Practices

Hydraulic Best Practices for 2D Sediment Modeling



What is the biggest problem with this mesh?



Cell Edges Do Not Follow High Ground



Add a Breakline (or a bunch)



Take Away – Take Control of the High Ground



1. Top Two Issues

2. Mesh Best Practices

3. Computational Best Practices

Hydraulic Best Practices for 2D Sediment Modeling



How Could We Improve This Mesh?



Align the Mesh with the Flow



Two Methods to Align Cells with Flow

Use a breakline to define 
the centerline and add 
“Near Repeats”

Use a Refinement Region to define 
channel with “Near Repeats” on 
the Perimeter Spacing



Best Practice – Use Them Together

https://www.hec.usace.army.mil/confluence/rasdocs/r2dum/latest/development-of-a-2d-or-combined-1d-2d-model/development-of-the-2d-computational-mesh#id-.Developmentofthe2DComputationalMeshv6.0-MakingaChannelMesh

Centerline Breakline 
+ Refinement Region

Centerline
Breakline

Refinement
Region



Refinement Region
Only Meant to Snap the Outside Cell Faces to Banks
Perimeter Spacing and Enforce Cell Protection Only

Centerline breakline
Near Repeats with Near Spacing



Alignment Video Tutorial

https://youtu.be/oTfFdSmXbYQ



Use Breaklines for Linear Structures



Developing a Quality, Aligned, Mesh Takes Time



Evaluating Connectivity

Where does this 
floodplain water 

come from?



Turn on Contours
At a Helpful Interval

Evaluating Connectivity



Turn on Contours
At a Helpful Interval

Evaluating Connectivity



Avoid Tiny Cell Faces

This is much easier to fix in recent versions.
Use the Mesh Tolerances in Mapper Options



Avoid Tiny 
Cell Faces



1. Top Two Issues

2. Mesh Best Practices

3. Computational Best Practices
• Hydraulic Warmup
• Hydrodynamic Equations
• Turbulence and Mixing
• Other Tips and Tricks

Hydraulic Best Practices for 2D Sediment Modeling



Initial Conditions: Hydraulic Warm Up/Ramp Up

• 1D Unsteady Starts with a Steady Flow Run For Initial Conditions
• 2D Hydraulics Starts Dry: There is no “Steady Flow 2D”
• The “Ramp Up” Allows you to Reach “Dynamic Steady State”
• Giving a Model Enough Time to Reach Hydraulic Steady State is 

Critical for a Sediment Simulation

Fl
ow

timet=0



Initial Conditions: Hydraulic Warm Up/Ramp Up

• Note: The Initial Conditions Time Does not Use the Adaptive 
Time Step

Fl
ow

timet=0

Initial
Conditions

Time

Ramp
Up



1. Top Two Issues

2. Mesh Best Practices

3. Computational Best Practices
• Hydraulic Warmup
• Hydrodynamic Equations
• Turbulence and Mixing
• Other Tips and Tricks

Hydraulic Best Practices for 2D Sediment Modeling



Always Use the Full Momentum Equations

Diffusion wave interacts poorly with 
the sediment transport model.



Always Use the Full Momentum Equations

Diffusion Wave Result



1. Top Two Issues

2. Mesh Best Practices

3. Computational Best Practices
• Hydraulic Warmup
• Hydrodynamic Equations
• Turbulence and Mixing
• Other Tips and Tricks

Hydraulic Best Practices for 2D Sediment Modeling
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Non-conservative

Conservative

Turbulence Equations
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Non-Conservative
Assumes smoothly varying velocities (changes are gradual)
The eddy viscosity can come outside the derivative
But the spatial average drop – so this becomes a dissipation

term not just a mixing term

Conservative
Transforms the mixing term into the diffusive flux by moving

the coefficient inside the derivative and  multiplying by h/h
This is a finite volume approach and yields a conservative

formulation

(Note: Equations one-dimensionalized for simplicity)

Turbulence and mixing are essentially diffusion terms.



Example: Sudden Expansion Lab Experiment
 Inflow: 0.039 m3/s
Downstream depth: 11 cm
Slope: 0.0001

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: 0.02 and 0.0333 s
Manning’s n: 0.015 s/m1/3



Results: Sudden Expansion Lab Experiment



New Turbulence Approach in 6.0+

Old Method: Parabolic 𝜈௧ = 𝐷𝑢∗ℎ

Isotropic (DL=DT)
Sensitive to Roughness 
Not sensitive to cell size

New Method: Parabolic-Smagorisnky
𝜈௧௫௫ = 𝐷௫௫𝑢∗ℎ + 𝐶௦Δ

ଶ 𝑆ሜ

𝜈௧௬ = 𝐷௬௬𝑢∗ℎ + 𝐶௦Δ
ଶ 𝑆ሜ
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Anisotropic (DL≠DT)
Sensitive to Roughness 
Sensitive to cell size (D)

(As cell size decreases more of the sub-cell
dispersion is accounted for explicitly, and 
the Smagorisnky term drops out)



New Turbulence Approach in 6.0+

௧௫ ௫௫ ∗ ௦
ଶ

௧௬௬ ௬௬ ∗ ௦
ଶ

“Vertical Stuff”
Bottom Friction
Dispersion From the Vertical

Velocity Distribution

“Horizontal Stuff”
Dispersion across 

gradients in the horizontal 
plane

HEC made these changes with 2D sediment in mind.



Turbulence Coefficients

• DL ~ 2-4 DT

• If DL = DT (isotropic) the model will overpredict floodplain deposition

• Non-conservative formulation generally requires larger values (2x) compared to the conservative 
formulation

• Calibrating to WSE without turbulence can get stages right but be wrong about how the water moves.  
Sediment will reveal that error.  Calibrate hydraulics with reasonable turbulence and mixing.

46

Mixing
Intensity

Geometry 
and Surface DL DT

Weak Straight channel
Smooth Surface 0.1 to 0.3 0.04 to 0.1

Moderate Gentle meanders
Moderately irregular 0.3 to 1 0.1 to 0.3

Strong Strong meanders
Rough surface 1 to 3 0.3 to 1

Smagorinsky Coefficient: 0.05 to 0.2 



Turbulence Method

https://www.youtube.com/watch?v=nEr87YpHnzA



Fixed Bed Capacity Calculation

• Sediment transport does ~ and order of magnitude 
calculations than hydraulics.

• Carefully manage time step, cell size, and number of 
grain classes.

• HEC added a computational multiplier to help manage 
run times because rivers tend to erode and deposits on 
different time scale.



Fixed Bed Capacity Calculation

You can run 2D RAS as a fixed-
bed capacity model by setting 
the morphological acceleration 
factor to zero 

Capacity



https://www.hec.usace.army.mil/confluence/rasdocs/r2dum/latest/development-of-a-2d-or-combined-1d-2d-
model/development-of-the-2d-computational-mesh#id-.Developmentofthe2DComputationalMeshv6.0-MakingaChannelMesh


