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Hydraulic Best Practices for 2D HEC-RAS Sediment Models

Stanford Gibson,
Alex Sanchez, Cameron Ackerman

Big Ideas

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

e Calibrate and refine your hydraulic model
you add sediment.
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Big Ideas

Calibrate and refine your hydraulic model you add sediment.

Stages of Sediment Calibration

Flow Bed Elevation

Stage 1: Hydraulic Calibration Variable Fixed

Stage 2: Steady Flow Mobile Bed Analysis Fixed Variable

Stage 3: Dynamic Calibration Variable Variable
If Possible:

Stage 4: "Va|idati0n" (Multiple Time Series Analysis) Variable Variable

Little Rock Pool 2 Plan: High Water Marks Final  10/4/2007
Pootz River chann

3

150

Elevation (ft)

=
S
by
H
!
4
/
L
.

2
]
.
s

0 50000 100000 150000 200000

Main Channel Distance (ft)




1/29/2024

How Do You Calibrate 2D Hydraulics?

——1D Ground Elev 1D WSE Observed
2D Bed Elevation 2D WSE
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One Option is a Qusi-1D Calibration

But a Lateral Depth and Velocity Calibration
Can Improve Your 2D Sediment Model
Performance Substantially

o [ ome | o | owr | riowids]

P_2010 2\13\2023 18:12:53 13:12:53 115835

Velocity (ft/s)

P_2011 2\13\2023 18:16:58 13:16:58 115237.2

Station (ft)

Depth (ft)

Station (ft)
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More on Calibration

“Often the available field data are not
sufficient to permit a formal calibration,

but computational modeling is still

the best method for analyzing the problem...

The resulting studies are called

”

-Tony Thomas — ASCE Manual of Practice 110

If you don’t calibrate a sediment model, it isn’t one.

Hydraulic Model Quality Trouble Shooting

Best Practices e e e e ot B s s e e e
| — e s [ N [——
— e

* Time Step
* Hydraulic Equation
* Turbulence Method
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Your Time Step
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A 2D model has:
a regular cell size of 100m and
an average velocity of

What is a good
starting time step?




A 2D model has:

a regular cell size of 100m and

an average velocity of

_AxC
|4

At =
2m/s

100m (1)

Selecting an Appropriate Timestep

A, Unsteady Flow Analysis X
File Options Help

Plan: [Equiibrium Transport (CS) (Nov2021) Short ID: |Equi\ibrium Transport (CS) (Mov

Geometry File: |2D 09Apr2020 j

Unsteady Flow File: |Unsteadv j

Sediment File: |Euuw|\br\um Transport (CS) j

Programs to Run Plan Description

Computation Interval:

0.1 Second
0.2 Second
Project D55 Filename: j 0.3 Second
0.4 Second

Mapping CQutput Interval

¥ Geometry Preprocessor

V¥ Unsteady Flow Simulation
¥ sediment

[¥ Post Processar

31Dec1973

™ Floodplain Mapping

Simulation Time Window
Starting Date:
Ending Date:

0000
2400

Starting Time:
Ending Time:

013ul1875
o IJU\ 1875

.. Hydrograph Output Interval: |1 Hour -

Mapping Output Interval:

Project DS5 Filename:

1 Hour -

aq'\Desktop\Deliverable Papers\\Writing Prio %

Detailed Output Interval:

Compute

0.5 Second
1 Second
2 Second
3 Second

Or....
..let RAS compute it

]

W
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10 Second vlJ
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Selecting an Appropriate Timestep...
...L.et RAS Do It

1,2,4
Just < Max/2

f cell to cell distance)

ne)

* 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 5 39 GJ DISLIKE 2> SHARE =+ SAVE



https://youtu.be/kcBrOML3iS0
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RAS Mapper

File Project Tools Help

Eva I uating a 20 Second Selected Layer: Courant (VelocityLe kdORQ X ENS%0® v v |dyr «
Time Step B e

Flow Areas

| SEREEs ;‘1’;’,"7.
undary-Gendiion-tine fefsis I
FOF ad 200 ft eference Poin® Rt

[ Manning's n

Cell Resolution =k

20D Flow Areas
] Boundary Condition Line
] Manning's n

£ W] EventC s
Create a New Results Map Layer... [ 30 100K o

] 1885 Peak Flow

[C] 70k Synthetic Hydrograph

Results

(=) [] Sediment 70k Synthetic

i Results Map Parameters &[] Event Conditions

@[] Geometry

] Velocity (014U

Map Tu,.-pe [ wisE (014Ul o
[] Variable Depth (01JUL1

E| . H','draulics - [] Total-load Concentration

] Total-lozd Capacity (01

- Water Suface Elevation [0] Bed Change (O1JUL1S7

: . ¥ Couranif

- Velocity 8 I:]Conéertvatcwon Warmop

1 + vent Conditions

i~ Flow (1D Only) H Hﬁw;ﬁm i

- Inundation Boundary

- Depth

2§ Courant (Velocity/Length)

i} Courant (Residence Time, 2D Only)
Froude

Shear Stress

Messages | Views | Profile Lines :L‘ﬂ
(1310857.93, 4052864.90 1 pixel = 2360

AW 0 TNheEe DME quatio

& |Equation Set | SWE-ELM (original faster) -
| 7 | Initial Conditions Time (hrs) Diffusion Wave
8| Initial Conditions Ramp Up Fraction {0-1) ELM (origir al{fa
J 3| Mumber of Time Slices I:LII;E-EIEF Value WE-EM iﬂt'iI'ItEF momentum)
¥ Fi

L o
: y

. N
| S

| “
Diffusion wave interacts poorly with "\ ) _
the sediment transport model. T J
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Always Use the Full Momentum Equations

Diffusion Wave Result

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

A Turbulence and mixing 4 Numerical Dispersion

PN (e s [T o
@ Sediment Diffusion
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Turbulence Equations

Bed |4
Water Surface
-~

-

HEC-RAS Unsteady Computation Options and Tolerances

Elevation (m)

General 20 Flow Options | 102D Options | Advanced Time Step Control | 1D Mixed Flow Gptions

[~ Use Coriolis Effects (not used with Diffusion Wave equation)

Parameter (Default)

_1|Theta (0.6-1.0) 1
2| Theta Warmup {0.6-1.0) 1
3| Water Surface Tolerance [max=0.08](m) 0.01
4| volume Tolerance {m) 0.01
5| Maximum Iterations 20

5|
7|
8
9

Inviscid
— Turbulent

Equation Set SWE-EM (stricter momentum)
Initial Conditions Time {hrs) 0.5
Initial Conditions Ramp Up Fraction (0-1) 0.1
Number of Time Slices (Integer Valug) 1

Turbulence Model None |None -

11 Longitudinal Mixing Coefficient i
Smagarinsky Coeffident 7 |Mon-Canservative {original)
r

Boundary Condition Volume Check

Velocity (m/s)

Inviscid
Turbulent

Velocity (m/s)

20 30
Transverse Distance (m

Turbulence Equations

Turbulence and mixing are essentially diffusion terms.

Bed
Water Surface

Elevation (m)

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

0%u
Vi 6_}12 —Cfu
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

Inviscid
Turbulent

Velocity (m/s)

30 40
Transverse Distance (m)

Inviscid
Turbulent

Velocity (m/s)

Conservative
6u+ 6u+ oH h 40 20 30 40 50 60
- u— v =— —| v -
at 0x f 9 X X

0x Transverse Distance (m)

(Note: Equations one-dimensionalized for simplicity)

10
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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

ELM SWE Solver

)) 1.2
O Measured 7]

Non-conservative
Conservative

0 075 -0. é 0.5 - : 0.5
Velocity (m/s) Velocity (m/s) Velocity (m/s)

05 -0. . - , 0,‘5
Velocity (m/s) Velocity (m/s) Velocity (m/s)

11
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New Turbulence Approach in 6.0+

u, - Shear velocity
Old Method: Parabolic h-Water depth
D :Mixing coefficient
Isotropic (D,=D;)
Sensitive to Roughness
Not sensitive to cell size

D, :Longitudinal mixing coefficient
D, - Transverse mixing coefficient
C. - Smagorinsky coefficient
New Method: Parabolic-Smagorisnky

Anisotropic (D,#D;) Vexx = Dyxtth + (CSA)ZIS_I
Sensitive to Roughness  [RESeRaESEIUEN(VIVEN

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)

New Turbulence Approach in 6.0+

Vixx = Dxxih + (CSA)2|S_'|
Viyy = Dyyuh + (C0)2|S|

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

Velocity Distribution horizontal plane

HEC made these changes with 2D sediment in mind.
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Turbulence Coefficients

HEC-RAS Unsteady Computation Options and Telerances

GenEraI 1D/2D Options I Advanced Time Step Control 1 M ixing Geometry
[~ Use Coriolis Effects {not used with Diffusion Wave equation) Intensity and su rfa ce DL DT

Parcnce | Straight channel

Theta (0.5-1.0) Weak : 0.1t0 0.3 0.04t00.1
Thets Warmup (0.5-10) Smooth Surface

Water Surface Tolerance [max=0.08]{m) z

Volume Tolerance (m) : Gentle mea nderS

Mo ot Moderate  ° oo 03tol 0.1to03
Initial Conditions Time (hrs) . o erate y IrrEgu ar
Initial Conditions Ramp Up Fraction {0-1) .
] Mumber of Time Slices Integer Value) St
Turbulence Model ro ng
Longitudinal Mixing Coeffident
Transverse Mixing Coefficient
Smagorinsky Coeffident

=3 B A S P T

Strong meanders

Rough surface lto3 03tol

Smagorinsky Coefficient: 0.05 to 0.2

If D, = Dy (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.

Turbulence Method & Example: Sudden Expansion Lab Experiment 5

= 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?/3

R X=Zm b

https://www.youtube.com/ HEC-RAS 2D Class: 2.10 - Advanced
watch?v=nEr87YpHnzA Computation Options

13
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Hydraulic Model Quality Trouble Shooting

Diagnostics

D7JAN1997 15: 14 2DArea i 4003.97 0.010 = -
07JAN1997 15:37:00 2DArea ! aicior: o j; Unsteady Flow Analysis

D7JAN1997 1 :00 2DArea 4003.97 . -
File Options Help
D7]JAN1997 1 00 2DArea 0 0.010
D7JAN199 00 2DArea 0.010
07JAN1997 00 2DArea l 6 0.011 2
07JAN199 :39: DArea " 003.96 0.010 View Computation Log File ...
View Runtime Messages ...

~  Check Data Before Execution

D7JAN1997 1 200 2DArea i 0.011
07JAN199 2 2DArea l 0.0
07JAN1997 1 2DArea i 0.010

D7IAN1997 17: 4500 20396 0011 2 Computation Log File

Overall Volume Accounting Error in Acre Feet: 0.3240
Overall Volume Accounting Error as percen : 0.000662
se review "Computational Log File" output for volume accountin
. Volume Accounting for 20 Flow Area in Acre Feet b

Writing Results to DSS .
2D Area Starting Vol Ending Vol Cum Inflow Cum Outflow Error Percent Error
Sasssar  sssassassess srssrsanss sssssssses  ssassassss seans  sssarssssesss

Finished Unsteady Flow Simulation

1D Post Process Skipped (simulation is all 2D) 2DArea

Computations Summary

#*+  Total Volume Accounting (for the entire model) in Acre Feet %

Computation Task Time(hh:mm:ss)

fotal Boundary Flux of Water In 48924.
lotal Boundary Flux of Water Out 48523,

Runtime Messages Ending Yol -

Error  Percent Error

0.3248 0.000662 >

14



1/29/2024

RAS Mapper Courant Number Map

m Results Map Parameters

Map Type
E Hw_.-ciréuhcs
Water Suface Blevation
Velocity

5

. 02JAN199712:50:00
Fow (1D Onily) o & ¢ F
Inundation Boundary

Depth
Courant (Velocity/Length)
ourant (Hesigence ime, 2D Only)

elocity /L ength) (027N 1997 1250 T T

Ihilishade] |

Map Type
- Hydraulics
&l Additonal 2D Variables

i

- Maximum Water Suface Eror mEE T i F i

.- Face Velocity Maximum T HHHH TS D EJ"E e \:: b 7
i Face Velocity Minimum i - -1- EE - =

-

S

30

15



a
o d
B3 Results Map Parameters
e
Map Type
- Hydraulics

=]- Additonal 2D Vanables

Cumulative keration

[Maximum Water Suface Eror}

Face Velocity Maximum

Face Velocity Minimum

-~
7,
)
v

e
)

/|

|

N

31

Map Type

Hydraulics

[ Additonal 2D Variables
Water Surface Error|
Cumulative lteration
Maximum Water Surface Emor
Face Velocity Maximum
Face Velocity Minimum

PR 1 ELY WESRTR

K ‘ Selected: "Water Surface Enmor'

HEC-RAS - Set Output Control Options

Restart File Options | Detailed Log Output } Computation Level Output Options ~ HDF5 Write Parameters
Optional HDF Qutput Parameters
™ Write warmup time steps to output file
I write time sliced steps (in addition to basic time steps)
I™ Commit writes (normally writes are buffered, use when computations crash, not go unstable, but crash)
Additional 2D Variables Written to Results File (not used/needed for RAS) N
Cell Volume

~
{Cell Volume Error

ell Water Surface Error

Face Period-Average Flow

Advanced HDF Options ...

OK Cancel

1/29/2024

16
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Write Intermediate Results Before a Crash

j’-. Unsteady Flow Analysis
File Options Help
Plan: Stage and Flow Output Locations ... }e Erosion Experiment
Flow Distribution Locations ... | E—
Flow Roughness Factors ... HEC-RAS - Set Output Control Options

Seasonal Roughness Factors ...

Restart File Options | Detailed Log Output 1 Computation Level Output Options  HDF5 Write Parameters
Automated Roughness Calibration ...

Optional HDF Qutput Parameters
[ Write warmup time steps to output file
Ungaged Lateral Inflows ... [~ Write time sliced steps (in addition to basic time steps)
¥ Commit writes (normally writes are buffered, use when computations arash, not go unstable, but crash)i

Unsteady Encroachments ...

Dam (Inline Structure) Breach ...
Levee (Lateral Structure) Breach ... Additional 2D Variables Written to Results File (not used/needed for RAS)

SA Connection Breach ... Cell Soil Moisture Deficit
Cell Unsaturated Water Content
Computation Options and Tolerances ... Cell Unsaturated Wetting Front Depth

- Cell Velodity
Output Options ... Cell Volume

Friction Slope Method for Cross Sections ... Cell Volume Error

Friction Slope Method for Bridges ... Cell Water Surface Error

Cell Courant

Face Courant

Sediment Computation Options and Tolerances .. Face Air Density Advanced HDF Options ... |

Initial Backwater Flow Optimizations ...

Sediment Output Options ... ‘
Sediment Dredging Options ... OK | Cancel

Check Data Before Execution e Writes results throughout the simulation

View Computation Log File ...

View Runtime Messages ... d |ncreaseS run time

Snapshots

& RAS Mapper
File Project Tools Help
Selected Layer: Velocity RO @R X e
E'] HEC-RAS Computations ] WSE (Max) i
[] Variable Depth (080CT2018 00:00:00)
Write Geometry Information &[] RC No Struc
Layer: COMPLETE I | can

Geometry Processor [ Veelocity (Max)

[ WSE (Max)
River: RS: l\aciahiae Dapib (020CT2012 00:00:00)

Reach: Mode Type:  Storage Area - M RC
IB Curve:

- [] Geomet
[ Velocity (150CT2012 [l

Unsteady Flow Simulation o WAE () T
Simulation: _ [[] Variable Depth (080CT2018 00:00:00)
Time: 116.2833 120CT2018 20:17:00 Iteration (1D): Iteration (2D):
Unsteady Flow Computations

Computation Messages

Performing Unsteady Sediment Flow Simulation HEC-RAS 6.3.1 October 2022
Unsteady Input Summary:
2D Unsteady SWE-ELM Equation Set (faster)
Sediment Input Summary:
Transport Function:

Sorting Method: Active Layer
Fall Veloaty Method: Soulsby

[ Plot Tick Marks
Make Snapshot of Results (0-12%) Messages | Views Profile Lines Active Features

(1318308.42. 405676547 1 pixel = 4.93 fi)
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