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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




HEC-RAS 5.0 2D Process

Define Model . Land Cover /
) Terrain .,
Domain Manning’'s n

Geometry Boundary

i ireleg Setup Conditions

Unsteady Flow Computational Execute Model
File Settings Run
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External Boundary Conditions

* Location defined in geometry ST

ile Options Help

Boundary Conditions | Initial Conditions |

] o
* Data input into unsteady flow T

Hydrograph

lled Gates

E Lateral Inflow
Operings | Elev Control
ipi

* Flow hydrograph

* Stage hydrograph (inflow/outflow)

* Normal depth (inflow/outflow)
* Rating curve (outflow)

* Precipitation
— Applied to 2D model area

July 25, 2017 4




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




PeakFQ

ANNUAL FREQUENCY CURVE -- DISCHARGES AT SELECTED EXCEEDANCE PROBABILITIES

ANNUAL <-- FOR BULLETIN 17B ESTIMATES -->
EXCEEDANCE BULL.17B SYSTEMATIC VARIANCE 95% CONFIDENCE INTERVALS
PROBABILITY ESTIMATE RECORD OF EST. LOWER UPPER

0.9950 98.8 103.6 -—-- 53.5 158.1

0.9900 139.7 144.9 - 79.9 215.1

0.9500 348.4 353.0 - 228.0 487.8

0.9000 555.8 558.2 -—-- 387.1 746.7

0.8000 960.9 957.7 -—-- 712.2 1243.0

0.6667 1574. 1563. -——- 1215.0 1998.0

0.5000 2593. 2572. - 2044.0 3298.0

0.4292 3172. 3147. - 2504.0 4064.0

0.2000 6525. 6515. -—-- 5036.0 8829.0

0.1000  10290. 10350. -—-- 7695.0 14650.0

0.0400 16380. 16680. - 11770.0 24800.0

0.0200  21880. 22500. - 15290.0 34510.0

0.0100  28180. 29260. -—-- 19190.0 46140.0

0.0050 35320. 37030. -—-- 23480.0 59840.0

0.0020  46100. 48960. -——- 29770.0 81350.0

22 PeakrQ Version 7.1
File Help
Use File menu to Open PeakFQ data or PKFQWin PeakFQ Data File: C:\FEMAY

spec file. _

Update Station, Threshold and Output FeliRe Spes Al
Station Specifications | Input/View | Outout Obtions | Resuits |
Global

g‘;?gﬁﬂmm | Global PILF (LO) Test Optionle Grubbs-Bec » |

| Analysis | Beginning |Ending | Record | Inc Hist | Skew | Generalized | Gen Skew |Mean | Low Hist | PILF (LO) | PILF (LO) |High Sys |Hi-Outlier |Gage Ba

Station ID | Option |Year |Year |Length Peaks |Optiun |Skew |Std Error ‘gr Err Peak ThreshoId|Tesl |Peak Threshuld|Discharge
- 33900 0

n_8\Montana'HydroExample'\BigSiouxBrookings\PEAK

Urban/Reg | | | Plot |
| Latitude ‘ Longitude | Name |
4418028 96.74916 06480000

B17B 1954 2016 63 No Weighted -0.4 055, 08025 @0 0 Single

Ru PEAKFl Save Specs | Exit |

4
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Peak Flows Continued

* Regional Regression Equations

* Rainfall-runoff hydrologic model
—SCS or other method
—Calibrate hydrology before hydraulic modeling
2 HEC-HMS 42.1 = <

File Edit View Components Parameters Compute Results Tools Help

DS EH & : % & Qb b B P & " 2 yone Selected— | : [—None Selected-—




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
e 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



Inputting BC Data

& Unsteady Flow Data - Overbank_Flow =8 Eol =™
File Options Help

Boundary Conditions | Initial Conditions | Apply Data

Flow Hydrograph

g SA: 2D_Flow_Area BCLine: Inflow_06480000

Stage Hydrograph | Flow Hydrograph | Stage/How Hydr, | Rating Curve B}
1 " Read from DSS before simulation Select DSS file and Path 1
Normal Depth | Lateral Inflow Hydr, | Uriform Lateral Inflow | Grounduater Interflow |
1 File:
T.5. Gate Openings | Elew Controlled Gates | Mavigation Dams | B Stage/Flow . |
1 ath:
Rules | Precipitation | lf_\l B
Add Boundary Condition Location (@ Enter Table Data time interval: |1 Hour vl
) ) ' —Select/Enter the Data's Starting Time Reference
Add RS ... | Add SA/2D Flow Area ... | Add SA Connection ... | Add Pump Statior ... B T E i T R |01]u|2017 S |00:00
Select Location in table then select Boundary Condition Type (" Fixed Start Time: Date: | _=| Time: I
River Reach RS Boundary Condition
| No. Ordinates | Interpolate Missing Values | Del Row | Ins Row |
— = = “ sdrograph Data
Storage/2D F Area_s i Boundary Condition Date Simulation Time How
1(2D_Flow_Area  BCLine: Trib_Inflow Flow Hydrograph
2(2D_Flow_A BCLine: Inflow_06480000 Flow Hyd h (hours) ()
o Fbw—Area BCI_ine: B'_‘ = i T’DLO‘iLQP 1 30Jun2017 2400 00:00 52.4
S Fbw_Area Bcune: B"gS'Dux_ROB Normal Depth 2 01Jul2017 0100 01:00 724
E ZD_Fk)w_Area BCI_ine: B_'gg'oux—o — Normal Depth 3 01Jul2017 0200 02:00 97.5
e ne. ig-oux_tu orma ep 4 01Jul2017 0300 03:00 132.1
5 01Jul2017 0400 04:00 151.1
6 01Jul2017 0500 05:00 248.8
7 01Jul2017 D600 06:00 336.4
8 01Jul2017 0700 07:00 4729
9 01Jul2017 D800 08:00 626.2
10 01Jul2017 D900 09:00 781.2
11 01Jul2017 1000 10:00 922.1
12 01Jul2017 1100 11:00 1033.3
13 01Jul2017 1200 12:00 1100.
—Time Step Adjustment Options ("Critical" boundary conditions)
[ Monitor this hydrograph for adjustments to computational time step
Max Change in Flow (without changing time step): I
Min Flow: I Multiplier: I EG Slope for distributing flow along BC Line: Ig_gm
Pot Data | ok | cancel |

July 25, 2017 11




Precipitation (Rain-on-Grid)

* Applied to 2D computational mesh
e 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



Rain-on-Grid Development




Rain-on-Grid Development




Add Precipitation Boundary

_5 . Unsteady Flow Data

File Options Help File Options Help
Boundary Conditions | Initial Conditions | MI Boundary Conditions | Initial Conditions | MI
Stage Hydrograph | Flow Hydrograph | Stage/Flow Hydr, | Rating Curye Stage Hydrograch | Fow Hydrograph | Stage/How Hydr. | Rating Curve
Mormal Depth | Lateral Inflowr Hydr, | Uniform Lateral Inflow | Groundwater Interflow Mormal Depth | Lateral Inflow Hydr, | Uniform Lateral Inflow | Groundwater Interflow
T.5. Gate Openings | Elev Controlled Gates | Mawigation Diams | IB Stagz/Flow T.5. Gate Openings Elev Controlled Gates Mavigation Dams | IE Stage/Flow
Rules | Precipitation | él E Rules Precipitation @ E
addrs.. | [addswap owarea.. | acc st comecton.. | addpump san . | addRs.. | Addsal2DFowrea... | Add s cormecton.. |  AddPump Station.. |

Boundary Condition

Boundary Condition
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Computational Considerations

Accuracy




Computational Timestep

e Plan file editor window e —

* Computational Interval pon| Short. [omentam Eaation 0w
(t i m e St e p ) Geometry File ; |Geom_Breakines_Added |

Unsteady Flow Fie : |Overbank_Flow |

— Frequency of model el

— Programs to Run

e e Channelized Land Cover - Manning's Roughness J
H Flows barely overtop channel
com p u tat IoONS 3 Lllﬂsteadv Flow Simulation | |Breakines Added

Sediment

— Courant Number Criteria b o Proceseor

[~ Foodplain Mapping

— Relates to grid cell size [ o e o

Starting Date: 012017 = | Starting Time: [00:00

(de pends on eq ua‘“ons) Ending Date: o2u017 - | Ending Tme: |23:59

e
Model results must be e er = Bl (T 5
reviewed carefully for B G .

DSS Output Flename: |C:\FEMA\Region_8\Montana\HEC_RAS_TutorlaI_Complete\Monta El

i n Sta b i I it i e S [v Mixed Flow Regime (see menu: "Qptions/Mixed Flow Options ...")

Adjust grid cell size and __ |
timestep
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Courant Number

* Should aim for
C< 1 based on
average
velocities

July 25, 2017

Saint Venant Equations (full momentum):

C—VAT<10 ith C =3.0
=5 =1L (with amax C = 3.0)
Or
AX
AT < - (With C =1.0)
Where: C = Courant Number

= Flood wave velocity (wave celerity) (ft/s)
AT = Computational time step (s)

AX = Average cell size (ft)

Diftusion Wave Equations:

C—VAT<20 ith C =50
=3y =2 (with amax C = 5.0)
Or

AT < 22 (With C = 1.0)

18



More Computational Options

& . Unsteady Flow Analysis X

File | Options | Help

Plan Stage and Flow Output Locations ..
Flow Distribution Locations ... —_,
Flow Roughness Factors ... =

HEC-RAS Unsteady Computation Options and Tolerances

Seasonal Roughness Factors ...
Automated Roughness Calibration ... General (1D Options) 2D Flow Options | 1D/2D Options |

1
o
22

[ Unsteady Encroachments ... [~ Use Coriolis Effects (only when using the momentum equation)
r Ungaged Lateral Inflows .. Number of cores to use in 2D computations: IAI Available -
r Dam (Inline Structure) Breach ..
L Lateral Structure) Breach Parameter (Default) BigSioux_2D
r evee (La eTa ructure) Breach ... 1[Theta (0.6-1.0): 1 1
] SA Connection Breach ... 2| Theta Warmup (0.6-1.0): 1 1
S Mixed Flow Opti 3| Water Surface Tolerance [max=0.2](ft) 0.01 0.01
st _I)(e _C_]w DS 4|Volume Tolerance (ft) 0.01 0.01
E Time Slicing ... 5| Maximum Iterations 20 20
] . . 6| Equation Set Diffusion Wave Diffusion Wave
~Ca I Calculatlon_Optlons and Tolerances .. I 7 nitial Conditions Tme (hrs)
Ca Output Options ... rval: |1 Hour 8| Intial Conditions Ramp Up Fraction (0-1) 0.1 0.1
Ma Friction Slope Method for Cross Sections ... 1 Hour 9| Number of Time Slices (Integer Value) 1 1
[ Friction Slope Method for Bridges ... 10 Eddy Viscosity T_r_ansverse MiinglEociicent
- T ____ |11|Boundary Condition Volume Check r r
DS Initial Backwater Flow Optimizations ... omplete\BigSiou. [ 12| atitude for Coriolis (-90 to 90)
I Sediment Computation Options and Tolerances ...
— Sediment Output Options ...
Sediment Dredging Options ...

v Check Data Before Execution 0K Cancel Defaults ...

— View Computation Log File ...

View Runtime Messages ...
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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.)




Simplified Computation Process

Starting Depth

Movement of water
between cells calculated
based on starting depth
and cell face rating curve

Depth in each grid cell

extracted from volume-
depth rating curve

New cell volume
calculated based on flux
over computational
timestep
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Model Instabilities

* |nitial 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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entifying Instabilities

- Computation Messages

Plan: "Momentum_Equation_100yr_flood' (Montana_Tutorials.p10)
Simulation started at: 15Jul2017 01:08:52 PM

Using 64 Bit Computation Engines

Writing Geometry

2D _Flow_Area: Mesh property tables are current.

Completed Writing Geometry

Geometric Preprocessor HEC-RAS 5.0.3 September 2016

Finished Processing Geometry

\Writing Event Conditions
Event Conditions Complete

Performing Unsteady Flow Simulation HEC-RAS 5.0.3 September 2016

Maximum iterations of 20 Cell WSEL ERROR CONVERGENCE

01JUL2017 00:10:00 2D_Flow_Area cell # 19341 1565.20 48421 1 ]@

g Stage and Flow Hydrographs
File Type Options Help

=)
1|HW Stage | 1582.83 0132017 1200

conn: [ | & 1
onn = JJ 2|TW Stage | 1583.56 01Ju2017 1100

Datal

[ Piot Stage [+ Pot Flow [v Obs Stage [v Obs Flow [ Use Ref Stage | 3] Flow 3415.10 01Jul2017 1300 -453.52
Stage Flow |Table| Rafting Curve| Internal Boundary Curvesl
Plan: Internal_Structures_100yr_flood SA Connection: culvert ﬂ
15685 5000 Tegend
[ Stage HW
1580 0 .
Stage TW
F-5000 " Flow
1575
= r-10000 &
© &
4 1570 :
[ r-15000 ic
1565
r-20000
15604 L_25000
1555 T T T T T T . -30000
2400 0600 1200 1800 2400 0600 1200 1800 2400
01Jul2017 | 02Jul2017 |

|
Time -
i ’
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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




Model Run Setup

¢ N a m e p I a n ,c'E . Unsteady Flow Analysis
File Options Help

- LO g i Ca | n a m e; Ca n ¢ t Plan : |Momentum_Equation_100yr_flood ShortID  |Momentum_Equation_100

Geometry Fie : |Geom_Interna|_Connecﬁons -
change these later ens] == -

— Programs to Run

o . e e Channelized Land Cover - Manning's Roughness J
—Short ID will show up in 7 e e

Breaklines Added
[~ sediment
[¥ Post Processor
RAS M a p p e r ™ Floodplain Mapping
— Simulation Time Window

Starting Date: o1upoz = | Starting Time: 00:00
* Select Geometry and | cmoe e e

Ending Time:

— Computation Settings

° Computation Interval: v Hydrograph Output Interval: |1 Hour hd
Unsteady Flow files =

Mapping Output Interval: Il Hour vl Detaied Output Interval: 1 Hour vI
[~ Computation Level Qutput

. ° DSS Output Flename: |C:\FEm\Regbn_8\Montana\HEC_RAS_TutoriaI_CompLete\Monta El
* Plan description

[v Mixed Flow Regime (see menu; "Options/Mixed Flow Options ...")

Compute
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Executing a Model Run

* Programs to Run

,crE . Unsteady Flow Analysis
— Geo. Preprocessor e Optios Hel
Plan : |Momentum_Equa1jon_100yr_fbod Short ID  |Momentum_Equation_100
—_— U N Ste a d y F I ow Geometry Fie : |Geom_Internal_Connections |
Unsteady Flow Fie :  |100yr_Flood ~|
— Post Processor Pen Descrpton

i G E L Channelized Land Cover - Manning's Roughness J
[v Geometry Preprocessor 100yr Flood flows

e Simulation Time s | [reines e

[~ sediment

[+ Post Processor
— Inundation study: Long [ Foodpian tappmng
—Simulation Time Window
eno Ug h to o Ute pea k 5"";"'3'"9 Date: DUU:2017 :|| Stz:jrﬁng Time: |00:00
. Ending Date: 02Jul2017 - Ending Time: |23:59
through model domain Computation Setngs

Computation Interval: I 'l Hydrograph Output Interval: |1 Hour hd |
M M Mapping Output Interval: |1 Hour ¥ | Detailed Output Interval: 1 Hour -
* Computational Settings b E -

[~ Computation Level Output

. DSS Output Flename: IC:\FEMA\Regbn_S\Montana\HEC_RAS_TutorlaI_Complete\Monta El
- O U t p U t I nte rva I S [+ Mixed Flow Regime (see menu: "Options/Mixed Flow Options ...")
— Timestep: Already discussed!

* Compute!
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Did it work?

Good! Not Good....

[E% HEC-RAS Finished Computations = |l
Write Geometry Information
Layer: Complete

—Geometry Processor

River: RS:
Reach: Node Type:  Storage Area
1B Curve:
i~ Unsteady Flow Simulatiol
Smulation: |
Time: 48.0000 031UL2017  00:00:00 Iteration (1D): Iteration (2D): 3
Unsteady Flow Computations

i~ Computation Messages
Using 64 Bt Computation Engines

'Writing Geometry | |
2D_Flow_Area: Mesh property tables are current.

‘Completed Writing Geometry

‘Geometric Preprocessor HEC-RAS 5.0.3 September 2016
Finished Processing Geometry

\Writing Event Conditions
Event Conditions Complete

Performing Unsteady Flow Simulation HEC-RAS 5.0.3 September 2016

1

Finished Unsteady Flow Simulation
‘Writing Results to DSS

1D Post Process Skipped (simulation is all 2D}

'Computations Summary

‘Computation Task Time(!

Completing Geometry <1

Preprocessing Geometry(64) =<1

Unsteady Flow Computations(64) 11

Writing to DSS(64) <1 I
‘Complete Process 11

Pause | Take Snapshot of Results Close |

July 25, 2017




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




Questions

Photo from FEMA







