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Big Ideas

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

* (Calibrate and refine your hydraulic model
before you add sediment.




Big Ideas

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

Stages of Sediment Calibration

Stage 1: Hydraulic Calibration Variable Fixed

Stage 2: Steady Flow Mobile Bed Analysis
Stage 3: Dynamic Calibration

If Possible:

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




Hydraulic Best Practices for 2D Sediment Modeling
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Hydraulic Best Practices for 2D Sediment Modeling
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1. Top Two Issues
* Time Step
* Cell Faces and High Ground




Your Time Step
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A 2D model has: | V At
a regular cell size of 100m and = —
an average velocity of

What is a gooc
starting time step?




A 2D model has: V At
a regular cell size of 100m and = —

an average velocity of Ax
Ar Ax C
v
100m (1)
At = = 50s
2m/s ——



Selecting an Appropriate Timestep

& Unsteady Flow Analysis x
File Options Help

Plan: :F_quilibrium Transport (C5) (Mov2021) Short ID: |Equi|ibrium Transport (C5) (Mov

Geometry File: |20 03Apr2020

Unsteady Flow File: iUnsteau:Iv

Sediment File: iEquiIibrium Transport (C5)

Programs to Run

¥ Geometry Preprocessor

¥ Unsteady Flow Simulation
¥ Sediment

¥ Post Processor

Flan Description
[31Dec1978

[~ Floodplain Mapping

Simulation Time Window
Starting Date:
Ending Date:

| Computation Interval: | 10 Second =

Mapping Output Interval:

013011975

Starting Time: |IZIIZIEID
01Jul1975

Ending Time: |2_—'|42II3

| Hydrograph Output Interval: |1 Hour ﬂ

Detailed Cutput Interval: 1 Hour _v_J

ag\Desktop\Deliverable Papers\Writing Prio Ejd

IF‘ru::ject D55 Filename: _vJ 15 Second

20 Second

30 Second

1 Minute

2 Minute

3 Minute o

omputation Setongs

Computation Interval: 10 Second

T

0.1 Second
0.2 Second
0.3 Second
0.4 Second

Mapping Output Interval:

Project OS5 Filename:

0.5 Second
1 Second
2 Second
3 Second

Or....
...let RAS compute it

W




Selecting an Appropriate Timestep...
...Let RAS Do It

Maximum Courant: L. 1 ) 2 ) 4
Minimum Courant: 0.5 Just < Max / 2
Mumber of steps below Minimum before doubling:
Maximum number of doubling base time step: 32,00 i 2-8
Maximum number of halving base time step:
Courant Methodology
{* Velodty/Length (face velodty * dt [ cell to cell distance)
{ ~ Residence Time (cell outflow * dt [ cell volume)

III

e 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

Variable Time Steps and Time Slicing in HEC-RAS

506 views * Nov 5, 2021 75 39 CJ DISLIKE > SHARE =+ SAVE




Hydraulic Best Practices for 2D Sediment Modeling
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1. Top Two Issues

* Cell Faces and High Ground




What is the blggest problem with this mesh?
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Perimeter 1
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Add a Breakline (or a bunch)

[
)
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Take Away — Take Control of the High Ground
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Hydraulic Best Practices for 2D Sediment Modeling

2. Mesh Best Practices
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Use a breakline to define
the centerline and add
“Near Repeats”

E Refinement Region Editor

x
B m| 28 ] 1 zoomToSelected £y x|

| Cell Size | Cell | Permeter | Mear | Far | Erforce 1Cell |
Mame | X | Size | Spacing | Repeats | Spacing | Protection Radius |

> EESEM | | o 5[ | ¥

Enforce Selected Regions 1 oK | Cancel b

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



» a a
» C
:_:,ta f e 2 ,5 erlad: ) [
s &, -
i O el A : __: e
Centerline Breakline - _
+ Refinement Region =t

[
-
- -
-.'-
- pe
] = .
y - -
RSB
BPEION
-. - - .. -
o."-
w i ln ale L e el
A
o
0
_l_.
. )
-
; A
e
op (0] a ) P

i
- - i
2 E
-
- -
<a -
L =
e
s L e B
g
=
il
=
.‘I sy
L3
r
0 6.0



Centerline breakline
Near Repeats with Near Spacing

Breakline Editor

Zoom To Selected

Name

1| Center Line

+ | ETTE E 1ED bTE [When 2 overlap, last row 5 consid 1) OK Cancel

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

Refinement Region Editor

Mear Far Enforce 1 Cell
| Repeats Spacing | Protection Radius |

I

OK Cancel



Alignment Video Tutorial

Align Cells with Flow Direction: HEC-RAS 2D Mesh

2,475 views... 5 73 GJ DISLIKE ,> SHARE =+ SAVE




Use Breaklines for Linear Structures




Developing a Quality, Aligned, Mesh Takes Time




Evaluating Connectivity
\ :;,

. : |
¢ A |
,.'.3-"5"
“rrl\, :
i 7|
A -
!: o SR |
& o b
PRl
AR K LA
L " 3
-
s

Where does this
floodplain water
come from?




Evaluating Connectivity

B [#] \wu RC (GC Bkwarmup)
- [] Event Conditions
&[] Geometry

- [#] Depth (25MAR2018 23:00:00) |

i [] Welocity (Max)

L[] WISE (Max)

- i Turn on Contours
At a Helpful Interval

----- [] Classification Polygens

&[] dredging_poold

----- [[] Google Satellite
= Temains

Terrain - Layer Properties — O

Visualization and Information ] Source Files |

—Vector —Addtional Options

Foint: Line Fill: || Plot raster file outlines
—J : ] Plot raster file names
r i , - = [] Plottile outlines
| Sotacll i o - ; = J 1 Plot cell outlines (when zoomed in)
[ Plot cell values (when zoomed in)
Siiiace [ Plot stitch TIN sdges
[v PlotSurface [ Update Legend with View [ Plot Level stitch TIN edges
i "1 Remove Stitch Rendering
1313 1 Stretched :_J Edit
1117
896
204 ; IR | .
823 Opacity: 7‘] 100%
738
875
614 Display Units: fest

Contours / Hillshade

¥ PlotContours  Interval: I - Color:  me—
¥ Plot Hillshade  Z Factor: 13 -] Edit

—

essages | Views | Profile Lin

Copy Symbology 1 Paste Symbology ‘ Reset Symbology‘




B ras
File
Selected

Evaluating Connectivity

Mapper

Project Tools  Help

Layer: Depth

N
[

-
[
[

] Wu RC {fewer GC)

|- [] Event Conditions

1 [] Geometry

-+ [] Diepth (Max)

- ] Welocity (Max)

- ] WSE (Max)

- [#] Bed Change (D6MAR2019 00:00:00)
- [ Total-load Concentration

[#] Vvl RC (GC Bkwarmup)

#]: [] Event Conditions
- [] Geometry
. [v] Depth (256MAR2013 23-:00:00)

Visualization and Information ] Features | Source Files |

Lnet: ——— [ Fil: [
Edit

~Wector

Paint: L]

[ Label Features with Attribute Columnis)

Surface

v [~ Update Legend with View

_'_J Edit

[ stretched

O

o

100%

Color  m——
Edit

Opacity:

—Caentours / Hillshade

[" Plot Contours  Interval: |5 -
Z Factor: l3 -

¥ Plat Hillshade

Copy Symbalogy ‘ Paste Symbology ‘ Reset S*;mbologyl

- [ Velocity (Max)

—Addticnal Options

Flot 2D Hydraulic Connectivity

Vater Surace Gradient (Arrow: WSEL High-=L]

[T Draw Map Values I
[ Draw Perpendicular Face Velocities
1 Draw True Face Velocities (interpolated)
[T Face Low-Elevation Centroid
[ ] Display Arrival Times as Dates
[ Plot Model Boundary Deficiencies




Avoid Tiny Cell Faces

EHAS Mapper Qphions

Project Settings

Projection
ace Length Tolerance (Percent) i:f.: o
seneral

Bt NN R W L . [H T N £ "|-- ri e
iy Lomputabon Foint 15 wathen the Lell Bownasry

Render Mods

Mesh Tolerances
slobal Sethngs

semeral

Restore Defaults

Cancel Spply

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

Miramum Face Length Tolerance (Parcent): |90

| LW

v Verify Computation Point is wathin the Cell Bcendary




3. Computational Best Practices
* Hydraulic Warmup




Initial Conditions: Hydraulic Warm Up/Ramp Up

A Unsteady Flow Analysis
File | Options Help

Plan; '% Stage and Flow Output Locations ... (GC Skwarmup)

Flow Distribution Locations ...
Flow Roughness Factors ...
Seasonal Roughness Factors ..,

Autornated Roughness Calibration ...

Unsteady Encroachments ...

Ungaged Lateral Inflows ...

Dam (Inline Structure) Breach ...
Levee (Lateral Structure) Breach ...

5A Connection Breach ...

Computation Options and Tolerances ... I 1 [24:00

Output Options ... +
Friction Slope Method for Cross Sections .., erval: |1 Hour

Friction Slope Method for Bridges ... fl: £y —'J

 E————
Initial Backwater Flow Optirnizations ... Ed|ment \ Chip_ (2|

Sediment Computation Options and Tolerances ...
Sediment Cutput Options ...
Sediment Dredging Options ...

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

HEC-RAS Unsteady Computation Options and Tolerances

I Use Coriolis Effects {not used with Diffusion Wave equation)

General 20 Flow Options ] 1D/20 Options | Advanced Time Step Contral | 10 Mixed Flow Options

Parameter

(Default)

Chippewa

Theta {0.6-1.0)

Theta Warmup (0.6-1.0)

Water Surface Tolerance [max=0.Z]{ft)

Volume Tolerance (ft)

Maximum [terations

Equation Set

1

1

0,01

0.01

20

SWE-ELM {original ffaster)

1

1

0,01

0.01

20

WE-ELM {ariginal ffaster)

Initial Conditions Time (hrs)

12

17

[12:00

Initial Conditions Ramp Up Fraction {0-1)

0.1

0.1[8




A Unsteady Flow Analysis

File

Plan:

Fro
v
v

i

Sim

Options

"

Help

Stage and Flow Cutput Locations ..
Flow Distribution Locations ...

Flow Roughness Factors ...
Seasonal Roughness Factors ..,

Autornated Roughness Calibration ...

Unsteady Encroachments ...

Ungaged Lateral Inflows ...

Dam (Inline Structure) Breach ...
Levee (Lateral Structure) Breach ...

5A Connection Breach ...

Computation Options and Tolerances ... I

Output Options ...
Friction Slope Method for Cross Sections ..,
Friction Slope Method for Bridges ...

Initial Backwater Flow Optimizations ...

Sediment Computation Options and Tolerances ...

Sediment Cutput Options ...
Sediment Dredging Options ...

.{GC Skwarmup)

LefledLe

B |12:00
[24:00

erval: |1 Hour j
il: 1Day _'_J

idiment!_Chip @d

HEC-RAS Unsteady Computation Options and Tolerances

General 20 Flow Options ] 1D/20 Options | Advanced Time Step Contral | 10 Mixed Flow Options

I Use Coriolis Effects {not used with Diffusion Wave equation)

Parameter (Default) Chippewa
1| Theta (0.6-1.0) 1 1
2| Theta Warmup (0.6-1.0) 1 1
3| Water Surface Tolerance [max=0.2Z]{ft) 0,01 0.01
4| Volume Talerance {ft) 0.01 0.01
3| Maximum I[terations 20 20
& | Equation Set SWE-ELM {original ffaster) WE-ELM {ariginal ffaster)
7 lInitial Conditions Time (hrs) 12 12
8] Initial Conditions Ramp Up Fraction (0-1) 0.1 0,1

Flow

Ramp
Up
e

Y
Initial
Conditions
Time

time




3. Computational Best Practices

 Hydrodynamic Equations




Equation Set

SWE-ELM (original ffaster) -

Initial Conditions Time (hrs)

Diffusion '-.f.-a'-.fe
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Always Use the Full Momentum Equations
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3. Computational Best Practices

* Turbulence and Mixing




How does sediment transport laterally in RAS?
(Choose all that apply)
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Turbulence Equations

T T T

Bed
Water Surface

HEC-RAS Unsteady Cemputation Options and Tolerances

General 2D Flow Options | 1D/20 Options ] Advanced Time Step Control | 1D Mixed Flow Options

Elevation (m)
R LR,

[ Use Coriglis Effects {not used with Diffusion Wave equation)

Parameter {Default)

Theta {0.6-1.0) 1 1
Theta Warmup (0.6-1.0) 1 i
Water Surface Tolerance [max=0.08]{m) 0.01 0.01
Volume Tolerance {m) 0.01 0.01
Maximum Iterations 20 20
Equation Set SWE-EM (stricter momentum) SWE-EM (stricter momentum)
Initial Conditions Time (hrs) 0.5 0.5
Initial Conditions Ramp Up Fraction {0-1) 0.1 0.1 Non_conse rvative

Mumber of Time Slices {Integer Value) 1 1 PO B S S PR

Turbulence Model Mone |Mone 10 20 30 40 50 60 70

Longitudinal Mixing Coefficent M Transverse Distance (m)
Transverse Mixing Coeffident Conservative

Smagorinsky Coefficient |Mon-Conservative {ariginal)
Boundary Condition Yolume Check r

o
o

=
~

Inviscid
Turbulent

o
[

Velocity (m/s)

o
~

Inviscid
Turbulent

o
[\

Velocity (m/s)

‘ Cons‘ervati‘ve
10 20 30 40 50 60 70
Transverse Distance (m)




Turbulence Equations

Turbulence and mixing are essentially diffusion terms.

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

0H

—+u—+fv=—ga

ot 0x

Elevation (m)

w
~
=
~—
>
=
Q
he
o
>

Velocity (m/s)

Bed 4
Water Surface | |

‘ Non-lconsqrvati\(e

Inviscid
Turbulent

10 20 30 40 50 60 70
Transverse Distance (m)

o ¢
~

o
[\

‘ Cons‘ervati‘ve

Inviscid
Turbulent

10 20 30 40 50 60 70 80
Transverse Distance (m)

(Note: Equations one-dimensionalized for simplicity)




Example: Sudden Expansion Lab Experiment

= |nflow: 0.039 m3/s = Grid Resolution: 2.5 cm
* Downstream depth: 11 cm " Time step: 0.02 and 0.0333 s
=Slope: 0.0001 * Manning’s n: 0.015 s/m?/3

e,
—

Velocity (m/s)

0.0 0.35



Results: Sudden Expansion Lab Experiment

ELM SWE Solver

@)

o
o
o
c
o
o

O  Measured
Non-conservative
Conservative

Distance (m)
o o
i [e)]

Distance (m)
o
(@)

o
~

Distance (m)
o o
i o

o
[N

o
(N

o

o

0 0.5 -0. 0

0.5 -0. 0 0.5
Velocity (m/s)

Velocity (m/s) Velocity (m/s)

Distance (m)
© o o
i ()] o
Distance (m)
o o

(@) 00}

o

oo

o
~

Distance (m)
o o
E o

0 0.5 -0. 0

05 -0. 0
Velocity (m/s)

0.5
Velocity (m/s) Velocity (m/s)




New Turbulence Approach in 6.0+

1, - Shear velocity

Old Method: Parabolic h-Water depth
_ D - Mixing coefficient
Isotropic (D,=Dx) D, - Longitudinal mixing coefficient

Sensitive to Roughness o o
- : D, - Transverse mixing coefficient
Not sensitive to cell size
C. : Smagorinsky coefficient

New Method: Parabolic-Smagorisnky

Vexx = Dyxtth + (Cs0)?|S]|

Anisotropic (D,#D;)
Sensitive to Roughness

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

Vey = Dyyuh+ (CA)%S]




New Turbulence Approach in 6.0+

Vix = Dyyu.h + (CsA)?|S]

Viyy = Dyyuh + (Cs0)?|S]

“Vertical Stuff” “Horizontal Stuft”
Bottom Friction Dispersion across
Dispersion From the Vertical gradients in the horizontal

Velocity Distribution plane



Turbulence Coefficients

HEC-RAS Unsteady Computation Options and Tolerances

General| 20 Flow Options | 1D/2D Options ] Advanced Time Step Contral |

I Use Coriolis Effects (not used with Diffusion Wave equation])

Parameter

|

Theta {0.6-1.0)

Theta Warmup (0.6-1.0)

Water Surface Tolerance [max=0.06]{m)

Volume Tolerance (m)

Maximum Iterations

Equation Set

Initial Conditions Time {hrs)

CO | | o0 | L | B2

Initial Conditions Ramp Up Fraction {0-1)

Number of Time Slices (Integer Value)

1

L

0.01

0.01

20

SWE-EM (stricter momentum)

Turbulence Model

Longitudinal Mixing Coefficient

Transverse Mixing Coeffident

| Smagorinsky Coeffident

D, ~2-4 D,

If D, = D, (isotropic) the model will overpredict floodplain deposition

Mixing Geometry
Intensity and Surface

Straight channel

ik Smooth Surface

0.1to0.3 0.04to00.1

Moderate Gentle mear‘mders 03to1l 0.1t00.3
Moderately irregular

Strong meanders

Rough surface LS U

Strong

Smagorinsky Coefficient: 0.05 to 0.2

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.




Turbulence Method

HEL |

= Example: Sudden Expansion Lab Experiment

= Inflow: 0.039 m3/s = Grid Resolution: 2.5 cm

* Downstream depth: 11 cm =*Time step: 0,02 and 0.0333 s
=Slope: 0.0001 * Manning’s n: 0.015 s/m'/?

HEC-RAS 2D Class: 2.10 - Advanced
Computation Options




Fixed Bed Capacity Calculation

HEC-RAS Sediment Computation Options and Tolerances

eneral | 20 Computatonsl Optins | e Sediment transport does ~ and order of magnitude

Computational Optionsz

Bed exchange iterations per time step (SPI): |'1,:,— CaICUIationS than hyd raUIiCS.

Min bed change before updating Cross Section (ft): iﬁgg

Min X5 change before recomputation of hydraulics (ft): iﬂz

o i e b e e Carefully manage time step, cell size, and number of
Bed Roughness Predictor: |Nnne grain ClasseS.

Select Reaches to |

Roughs pradetors  HEC added a computational multiplier to help manage

run times because rivers tend to erode and deposits on
]SEdimentComputaﬁun Multiplier: 1 ¥ the hydraulic time step ] diffe re nt time Scale-

Sediment Warmup Periods:
Concentration (20 Only): |7 {days)
Gradation: [ (dayd) Sediment Computation Options and Tolerances ..,
Bathymetry: |7 (days) Sediment Qutput Options ...

Sediment Dredging Options ...

Defaults ... Cancel [Eieme Show X5 Weights > >




Fixed Bed Capacity Calculation

3. 2D Sediment Options

Sheet and Splaszh Erozion; Mane
E radibility:

Marphological &cceleration Factar:

Baze Bed-Slope Cosfficient:

Hindered Settling: Ko Corection ﬂ

k. | Cancel |

Capacity
You can run 2D RAS as a fixed-
bed capacity model by setting |

the morphological acceleration

factor to zero




Making a Channel Mesh

Another use for the refinement region is around the main channel of a stream. Shown in Figure 3-10 is an example
where a single refinement region was created for the entire main channel. By doing this, the user can control the
cell size inside of the channel and ensure that cell faces are aligned with the high ground at the main channel
banks. This approach ensure that flow does not spill out of the channel until the water is high enough to cross
over the outer cell faces representing the high ground of the main channel bank lines. In addition to the refinement
region, a break line was placed right down the center of the refinement region, following the path of the flow. The
break line is used to align the cells in the middle of the channel with the direction of the flow. For the breakline in
the example below, the number of near repeats was set to 4. For the refinement region, the near repeats was set
to zero. Additionally, the option to "Enforce a 1 cell protection radius” was turned on for both the refinement region
and the break line. Also, the break line was enforced after the refinement region. This combination of a refinement
region and a break line down the center of the channel makes for a very nice channel mesh (Figure 3-10).




