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Overview

* Performing Computations
* 2D Preprocessor

* Computation Options

* Cell Size Considerations
» Associating a Terrain Model

* Time Step Selection



Performing Computations

. . & Unsteady Flow Analysis X
* Floodplain Mapping Fle Options Help N |
e Creates a stored map Plan: [Grid 400ft short ID: [Grid 400ft
. . Geometry File: |Grig400ft ~]
* Must set up map in RAS Mapper prior to run TS 5
. Programs to Run | - Plan Description 1
* Mapping Output Interval ¥ Geometry Preprocessar
¥ Unsteady Flow Simulation
e Time Series Data written to HDF file at o
. ost Processor
Cross Sections, Storage Areas, and 2D Cells
. Starting Date: 02JAN1900 _| Starting Time: !UUUU
* WSE, Flow, Velocity Ending Date: ozansoo [ Ending Timez 2400
—C tation Settin 1
* Ce”S ; s J Hydrograph Output Interval: ISM‘nute vl

* WSE, Depth cell center
* Velocity at cell faces

SMinute +| 3 Detailed Quiput Interval: I 1 Hour - |

1 Levee (Lateral Structure) with breach data. 1 set to breach.

Ig Compute |




P
[E]] HEC-RAS Finished Computations [ESREEC
Write Geometry Information
Layer: Complete I | 1
Geometry Processor
River: MissRiver R5; 29569.19
Reach: Below_Grey_Cloud Mode Type:  Cross Section
. ° IB Curve: I —
P e O I O a I O S Unsteady Flow Simulation
I I I I I I . C I I I u t t I I Simulation: I—
Time: 384.0000 18FEB209%  00:00:00 Iteration {(1D): 0O Iteration (2D): 0

Writing Profiles 500

Post Process

River: MissRiver RS 151400
Reach: thru_St_Paul Node Type:
Profile: 17FEB2099 2400

1. Writing 1D Geometry

Computation Messages

Plan: 'Fail Middle - 2D Run Modified' (StPaullEs.p03) -

e Ban k Line S, Ed ge Lines ( 1 D) et Samt o raton s i3 P

\Writing Geometry
(Computing Bank Lines
° Bank lines generated in 303 ms
* Interpolation Surface
River Edge Lines generated in 302 ms
There are no stored interpolation surfaces

Interpolation Surfaces will be recomputed
Computing %5 Interpolation Surfaces

%5 Interpolation Surfaces generated in 374 ms
e O I I I e r re rO C e S S O r Geometry 'GeomWriter' assodation was set to the terrain layer {Terrain)
. Computing 2D Flow Area '2DArea’ tables
20 Flow Area '2DArea’ tables complete 12.76 sec

Completed writing geometry

o Process 2D CeIIS and Faces Geometric Preprocessor HEC-RAS 5.0.0 Beta June 2014

10 Internal Boundary curve(s) have been read in

Finished Processing Geometry

3. 1D Geometry Preprocessor e

Performing Unsteady Flow Simulation HEC-RAS 5.0.0 Beta June 2014

m

* Hydraulic Tables for Cross Sections

Finished Unsteady Flow Simulation

Writing Results to DSS
Finished Writing Results to D35

4. Unsteady Flow Simulation

Finished Post Processing

5. Post Processor (1D only)

Computations Summary

Computation Task Time(hh:mm:ss)
Completing Geometry i5
Freprocessing Geometry(64) 1
Unsteady Flow Computations{54) 111
\iriting to DS5(54) 7
Post-Processing{64) 30

Complete Process 2:06 =




2D Pre-processor to compute cell information

Unsteady-flow Simulation

Writing Geometry

Computing Bank Lines

Bank lines generated in 303 ms

Computing River Edge Lines

River Edge Lines generated in 302 ms

There are no stored interpolation surfaces
Interpolation Surfaces will be recomputed
{Computing XS Interpolation Surfaces

XS Interpolation Surfaces generated in 374 ms
IGemctw ‘GeomWriter' assodiation was set to the terrain layer (Terrain)
Computing 2D Flow Area '2DArea’ tables

2D Flow Area '2DArea’ tables complete 12.76 sec
ICompfeted writing geometry

RAS Mapper — 2D Flow Areas

= V] Geomeries

@- [] Bald Eagle Multi 2D Areas
E- [v] 1D-2D Dam Break Model Refined Grid

I [v] Rivers
B[ XS

...[[] Storage Areas
-[#] 2D Flow2

m-[] Bridges/{ o=:
i [ Inline St g
I [[] Lateral S
D [

Layer Properties
Open Attribute Table

Edit Geometry

Zoom to Layer

Move Layer

Export Layer

Open Folder in File Explorer

-Ds

C
U".'

Compute 2D Flow Areas Hy[ vaulic Tables

EI DtoE'DCoi e
&[] SAto 2D Cof

&[] Single 2D A »

Plot Property Table
Find

#-[[] SAto 2D Flow Area

B[] SAto 2D Flow Area -

Detailed




Computation O

e Defaults
e Per 2D Flow Area

otions

HEC-RAS Unsteady Computation Options and Tolerances

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

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

trol | 1D Mixed Flow Options |

Parameter

(Default)

I

BaldEagleCr

Theta (0.6-1.0)

Theta Warmup (0.6-1.0)

Water Surface Tolerance [max=0.2](ft)
Volume Tolerance (ft)

Maximum Iterations

Equation Set

Initial Conditions Time (hrs)

Initial Conditions Ramp Up Fraction (0-1)
Number of Time Slices (Integer Value)
Turbulence Model

Longitudinal Mixing Coeffident
Transverse Mixing Coefficdent
Smagorinsky Coeffident

Boundary Condition Volume Check

15| Latitude for Coriolis (-90 to 20)

16| Solver Cores

17| Matrix Solver

18| Convergence Tolerance

19| Minimum Iterations

20 | Maximum Iterations

21|Restart Iteration

e L e e O o L e

[
L=

[
[

-
L)

i
L

[
B

22| Relaxation Factor
23| SOR Preconditioner [terations

1

1

0.01

0.01

20

Diffusion Wave

0.5

Non-Conservative (oniginal)

6 Cores
PARDISO (Direct)

1

1

0.01

0.01

20

Diffusion Wave
4

0.5

1

6 Cores
PARDISO (Direct)




Computation Options

HEC-RAS Unsteady Computation Options and Tolerances

General 2D Flow Options ] 1D/2D Options | Advanced Time Step Control ] 1D Mixed Flow Options ]
* Th
eta [~ Use Coriolis Effects (not used with Diffusion Wave equation)

* Theta Warmup

1| Theta (0.6-1.0) 1 1
2| Theta Warmup (0.6-1.0) 1 1
3| Water Surface Tolerance [max=0.2](ft) 0.01 0.01
e Water Surface Tol Yok Tolee 05
5| Maximum Iterations 20 20
* Volume Tolerance 7ol Condiions Tme 0vs) 4
8| Initial Conditions Ramp Up Fraction (0-1) 0.5 0.5
. 9| Number of Time Slices (Integer Value)
) |V| I 10| Turbulence Model Non-Conservative (original) Non-Conservative (original)
ax Iterations 11 onghudnel Mong Casfhcent
12| Transverse Mixing Coefficient
13| Smagorinsky Coefficent [ [
14| Boundary Condition Volume Check r r
15| Latitude for Coriolis (-90 to 20)
16| Solver Cores 6 Cores 6 Cores
17| Matrix Solver PARDISO (Direct) PARDISO (Direct)
18| Convergence Tolerance
19| Minimum Iterations
20 | Maximum Iterations
21|Restart Iteration 10 10
22| Relaxation Factor 1.5 1.3
23| S0R Preconditioner Iterations 10 10
ok | cancel |[Befails]
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Computation Options

HEC-RAS Unsteady Computation Options and Tolerances

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

i E q u a t I O n S et [~ Use Coriolis Effects (not used with Diffusion Wave equation)
Parameter (Default) | BaldEagleCr
1| Theta (0.6-1.0) 1 1
2| Theta Warmup (0.6-1.0) 1 1
: : 3| Water Surface Tolerance [max=0.2](ft) 0.01 0.01
o D Iffu S I O n Wa Ve 4| Volume Tolerance (ft) 0.01 0.01
6 | Equation Set Diffusion Wave Diffusion Wave
e Shallow Water Eqgn e
8/ Initial Conditions Ramp Up Fraction (0-1) 0.5 |SWE-ELM (orignal;faster)
9 | Number of Time Slices (Integer Value) 1 |SWE-EM (stricte tu
(fa Ste r) 10| Turbulence Model Non-Conservative (original) — n':":l;m-Cg nservabive {oniginal)
11| Longitudinal Mixing Coeffident
12| Transverse Mixing Coefficient
* Shallow Water Eqgn 1]Snagorreey Cosficen ;
. 14| Boundary Condition Volume Check r r
15| Latitude for Coriolis (-90 to 20)
(conservative) —
17 | Matrix Solver PARDISO (Direct) PARDISO (Direct)

18| Convergence Tolerance
19| Minimum Iterations
20 | Maximum Iterations

21|Restart Iteration 16
22| Relaxation Factor 1.5
23| SOR Preconditioner [terations 16




Computation Options

Initial Conditions
* Time
* Ramp Up Fraction

HEC-RAS Unsteady Computation Options and Tolerances

General 2D Flow Options l 1D/2D Options | Advanced Time Step Control ] 1D Mixed Flow Options |
[~ Use Coriolis Effects (not used with Diffusion Wave equation)

Initial Conditions Time (hrs)

Initial Conditions Ramp Up Fraction (0-1)

Turbulence Model

11

Longitudinal Mixing Coefficent

12

Transverse Mixing Coeffident

13

Smagorinsky Coeffident

14

Boundary Condition Volume Check

15

Latitude for Coriolis (-90 to 90)

16

Solver Cores

17

Matrix Solver

Convergence Tolerance

Minimum Iterations

Maximum Iterations

Restart [teration

Relaxation Factor

SOR Preconditioner [terations

Parameter (Default) | BaldEagleCr
1| Theta (0.6-1.0) 1 1
2| Theta Warmup (0.6-1.0) 1 1
3| Water Surface Tolerance [max=0.2](ft) 0.01 0.01
4| Volume Tolerance (ft) 0.01 0.01
5| Maximum Iterations 20 20

Non-Conservative (oniginal)

6 Cores & Cores
PARDISO (Direct) PARDISO (Direct)




1D/2D Model and Computational Time Step

[l b=
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Computation Options

* Time Slices

HEC-RAS Unsteady Computation Options and Tolerances

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

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

Initial Conditions Time (hrs)

Mumber of Time Slices (Integer Value)

Longitudinal Mixing Coefficent

Transverse Mixing Coeffident

Smagorinsky Coeffigent

Boundary Condition Volume Check

15

Latitude for Coriolis (-90 to 90)

Solver Cores

Matrix Solver

Convergence Tolerance

Minimum [terations

Maximum Iterations

Restart Iteration

Relaxation Factor

SOR Preconditioner Iterations

Parameter (Default) | BaldEagleCr

1| Theta (0.6-1.0) 1 1
2| Theta Warmup (0.6-1.0) 1 1
3| Water Surface Tolerance [max=0.2](ft) 0.01 0.01
4| Volume Tolerance (ft) 0.01 0.01
5| Maximum Iterations 20 20
6 | Equation Set Diffusion Wave Diffusion Wave
7

6 Cores
PARDISO (Direct)

T

& Cores
PARDISO (Direct)

oK
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Computation Options

* Boundary Condition
Volume Check

HEC-RAS Unsteady Computation Options and Tolerances

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

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

12| Transverse Mixing Coefficent

Boundary Condition Volume Check

16| Solver Cores
17| Matrix Solver

18| Convergence Tolerance

19| Minimum Iterations

20 | Maximum Iterations
21|Restart Iteration

22| Relaxation Factor

SOR. Preconditioner Iterations

6 Cores
PARDISO (Direct)

Parameter (Default) | BaldEagleCr

1| Theta (0.6-1.0) 1 1
2| Theta Warmup (0.6-1.0) 1 1
3| Water Surface Tolerance [max=0.2](ft) 0.01 0.01
4| Volume Tolerance (ft) 0.01 0.01
5| Maximum Iterations 20 20
6 | Equation Set Diffusion Wave Diffusion Wave
7| Initial Conditions Time (hrs) 4
8| Initial Conditions Ramp Up Fraction (0-1) 0.5 0.5
9| Number of Time Slices (Integer Value) 1
10| Turbulence Mode! Non-Conservabive (original) Non-Conservabive (original)
11| Longitudinal Mixing Coeffident

6 Cores
PARDISO (Direct)

oK




Computation Option

e Number of Cores

HEC-RAS Unsteady Computation Options and Tolerances

General 2D Flow Options l 1D/2D Options | Advanced Time Step Control ] 1D Mixed Flow Options |
[~ Use Coriolis Effects (not used with Diffusion Wave equation)

Boundary Condition Volume Check

Solver Cores

Convergence Tolerance

Minimum Iterations

Maximum Iterations

Restart Iteration

Relaxation Factor

SOR Preconditioner Iterations

6 Cores

Parameter (Default) | BaldEagleCr
1|Theta (0.6-1.0) 1 1
2| Theta Warmup (0.6-1.0) 1 1
3| Water Surface Tolerance [max=0.2]{ft) 0.01 0.01
4| Volume Tolerance (ft) 0.01 0.01
5| Maximum Iterations 20 20
6 | Equation Set Diffusion Wave Diffusion Wave
7| Initial Conditions Time (hrs) 4
8| Initial Conditions Ramp Up Fraction (0-1) 0.5 0.5
9 | Mumber of Time Slices (Integer Value) 1
10 | Turbulence Model Non-Conservabive (original) Non-Conservative (original)
11| Longitudinal Mixing Coeffident
12| Transverse Mixing Coefficent
13| Smagorinsky Coefficent

& Cores

oK




Processing Time vs Number of Cores

5.5

4.5

3.5

2.5

15

Speedup

1 core

2 core 4 core

e St Paul e=@ueflUS e=@==FU4

8 core

OhMiss e=@eeA400 sqmi

16 core
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Cell Size

e Cell size determination is based on

* Land surface features of the Terrain
* Faces control water movement

* Water Surface Slope

» Capturing localized effects in model requires smaller cell sizes (analogous to cross
section spacing for rapidly varied flow).

e Start with a “large” cell size and refine the model through iteration.

* You always test different cell sizes to see what affect they have on
water surfaces and velocities.




Time Step

* Time Step selection will be based on the size of the grid cells and
velocity of water in the cells.

* Dependent on Equation Set selected
* Diffusion Wave approximation
* Full Shallow Water Equations

oy Vov 1oV

Sf:Sﬂ_
Ox g Ox g ot




Time Step

e Full Shallow Water Equations c= %8l o
. AX
* Experience shows, max C=3.0
* Diffusion Wave Approximation L_vrar
* Experience shows, max C=5.0 - AX |
C = Courant Number
\% = Velocity of the Flood Wave (ft/s)
AT = Computational Time Step (seconds)

AX = The average Cell size (ft)

17



Va rl a b | e TI m e Ste p HEC-RAS Finished Computations

Write Geometry Information
Layer: COMPLETE I
RS

Geomefry Processor
River:

* Reduce time step to improve accuracy — S e

IBE Curve:

Unsteady Flow Simulation

* Increase time step to reduce
CompUtatlon tlmes 'IS'::ZI:EEDH: 0.5000 010CT2013  00:30:00 Iteration (10):

Unsteady Flow Computations

Computation Messages

Performing Unsteady Flow Simulation HEC-RAS 5.0.4.1 May 2018
Custom Read/Flags

2D _¥_WSEL

Maximum adaptive timestep = 04.0  Minimum adaptive timestep = 00.5
Initial adaptive timestep = 01.0

010CT2013 00:00:05  timestep = 2 (zec)
010CT2013 00:00:15  timestep = 1 (zec)
010CT2013 00:00:16  timestep = 0.5 (sec)
010CT2013 00:01:08  timestep = 1 (sec)
010CT2013 00:01:57  timestep = 2 (sec)
010CT2013 00:07:31  timestep = 4 (zec)

Writing Results to DSS

18



Time Step Options

HEC-RAS Unsteady Computation Options and Tolerances

_' Advanced Time Step Control | gb v

Generall 2D Flow Options | 1D/2D Option

" Fixed Time Step (Basic method)

* Fixed Time Step (default) At Tom S Samd o -

* Adjust Time Step Based on I EN

Number of steps below Minimum before doubling: |5

Maximum number of doubling base time step: 2 B80.00 sec
* CO ura nt N um be r Maimum number of halving base time step: |1 110,00 sec
Courant Methodology

° DatE/TI me an d d T| me ste p d IVISOr (+ Velocity/Length (face velocity * dt / cell to cell distance)
\ " Residence Time (cell outflow * dt / cell volume)
" Adjust Time Step Based on Time Series of Divisors |

Time Step Date(ddMMMyyyy hhmm)] | Divisor

10
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Variable Time Step

* Maximum Courant before halving time step

* Minimum Courant before doubling time step
e Min <% Max !

* Number of steps before doubling

* Maximum number of doubling
 Maximum number of halving

e Courant (default) or Residence Time

" Fixed Time Step (Basic method) | 1 Second ﬂ
i+ Adjust Time Step Based on Courant
Maximum Courant: |4.
Minimurm Courant: |1.95
Mumber of steps below Minimum before doubling: |5
Maximum number of doubling base time step: |2 |4.EIEI SEC
Maximum number of halving base time step: |1 P 50 sec
Courant Methadology

f* Courant (Velodty * dt f Length)
("~ Residence Time (flow out * dt f Volume)

20




Mapping Output Interval

* Adaptive time step is always integer interval of Mapping Output
Interval, so Unsteady may need to adjust base Computation Interval

i aptive timestep = 10,0 Minimum adaptive timestep = 00,625
Initial adaptive timestep = 01,25

Simulation Time Windaow ~

Starting Date: 010CT2013 -
Ending Date: |E| 10CT2013 u 010CT2013 00:00:06  timestep = 2.5 (zec)
_ _ — | |010CT2013 00:00:16  timestep = 1.25 (zec)
Computation Settings < | l010CT2013 00:00:17  timestep = 0.625 (sed)
Computation Interval: 2 Second *§ |... 010CT2013 00:01:22 timestep = 1.25 (zec)
_ - = || [010CT2013 00:03:25  timestep = 2.5 (zec)
Mapping D“m““”t‘fr”ab j" 010CT201300:11:20  timestep = 5 (sec)

' : C: Oh
D55 Output Filename ] \Users\gOhecssp 'I.DDE Writing Results to DSS

Time Step is controlled by courant condition.

Finished Unsteady Flow Simulation

Zarmp

21



Time Series of Divisors

* Control time step length by date

* Enter integer halving divisor to reduce time step

Simulation Time Window
Starting Date:

Ending Date:
Computation Settings
Computation Interval:
Mapping Output Interval;

01]JAN1999 i Starting Time: 1200
05JAN1999 L Ending Time: 1300
2 Minute w||i.Jl Hydrograph Output Interval: |1 Hour -

1Ho| (* Adjust Time Step Based on Time Series of Divisors Verify Dates ...
Time Step Date(ddMMMyyyy hbmm) Divisor a

1|160.00 sec |01JAMN19991200 2

21 120.00 sec |02JAN19991200 1

3160.00 sec |02JAMN19991530 2

4120.00 sec |[03JAN19990200 &

5140.00 sec |03JAMN19990730 3

22



Questions?

US Army Corps
of Engineers e




	Running a 2D Model
	Overview
	Performing Computations
	Performing Computations
	2D Pre-processor to compute cell information
	Computation Options
	Computation Options
	Computation Options
	Computation Options
	1D/2D Model and Computational Time Step
	Computation Options
	Computation Options
	Computation Option
	Processing Time vs Number of Cores
	Cell Size
	Time Step
	Time Step
	Variable Time Step
	Time Step Options
	Variable Time Step
	Mapping Output Interval
	Time Series of Divisors
	Questions?

