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WHAT DRIVES CHANGE?
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Why are we doing this presentation?

® Unprecedented Case Study Opportunity
# Extensive calibration to a physical model

® Itis rare that we have the ability to compare two models
side by side with the same level of scrutiny

® Is HEC-RAS 5.0 all that it claims to be?
— Is the build and calibration process faster than other 2D models?
— Is the runtime faster than other 2D models?
— Do we have confidence in the model results?

— Are the post processing tools robust enough?
# When do | need a 2D model?




2D Case Study
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Purpose of Project

= Provide aquatic and
hydraulic connectivity of
Maple River across the
Diversion channel while
reducing flooding on the
East side of the Diversion
channel.

= Numeric and Physical
modeling was conducted
to verify assumptions
made during feasibility
design and refine the
final design.




Project Components
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Alternatives Evaluation
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Analysis

¥ ® Hydraulic modeling
— Physical model
— 1-D model

— 2-D model

— 3-D model

# 1-D unsteady provides flow and boundary conditions

® Physical model used to calibrate the numeric models

#m 2-D model focused on the Maple River flow split

# 3-D model focused on the Diversion flow through the conduits
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Test: M4

Tributary Inflow: 8000cfs
Diversion Inflow: 5000cfs

Date: January 11, 2015




Why 2D?

Optimization
for Complex
Flow
Patterns

® Agueduct
m Spillway

@ Relocated Maple River
Channel

® Bypass Channel




» Recirculation
= Velocity Direction & Magnitude
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Spillway
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Lessons Learned — 2D Case Study

# Challenging to get 1-D, 2-D, 3-D, and Physical
models to have good correlation between models

® Your model is only as good as your data

® 2D modeling is very useful for design optimization
when complex flow patterns are expected

# Before selecting a 2D model, verify the model
capabilities and limitations

CALIBRATION IS CRITICAL !

m Start Simple...Start Simple...Start Simple







What’s New in HEC-RAS

m 2D St. Venants Shallow Water Equation
— Momentum additions for turbulence and Coriolis Effect

® Diffusion Wave
— Faster (More Forgiving Numerically)
— Greater Stability
— Inappropriate for Rapid Velocity Change

# Volume Conservation
— Implicit Finite Volume Solution
« Implicit = Larger Computation
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— Additional Menus, but familiar setting

® RAS Mapper
= AdH

— Learning curve

— BC files, Flux files, .dat files
0 h QutputInterval:  [5Minute = |

— SMS makes it easier e e

4| HEC-RAS 5.00

Project:

Plan:
Geometry:
steady Flow:
Insteady Flow:

Description :
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Boundary Conditions

Legend
3D Model Boundary Locations
Physical Model Boundary Locations
e 2D Boundary Locations
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Starting Conditions

@ Initial WSEL (Hot Start)

— AdH
 Critical to model stability
* Must start WET

— HEC-RAS

« Optional (Additional Tool
to Increase Stability)
e Can start DRY

« May need warm up
period




Which Build i1s Faster?

“ZF = Dependent on Familiarity With Model
= = AdH

= = Mesh Generation Requires More Detail at Startup
— Regional Mesh Density g

# HEC-RAS

— Draw a Polygon and
Run

* Refine Through
Break Lines

# Both use GIS to
expedite process

[Tt =
-4
|
i T
. Son,
4 \ - - B
+ LS . § T
L} . ST ? -
\ .. STt e s 5. N
. ., ",
.. 7 R,
. ."‘ au,, Ny
il
P "
;o ! N
i/ i b
Fof SN
7/ i -~ L
/ .‘."" N, Ay "‘-,
£/ y A A
s 'y f 74 _...:“?“ T
o =<7




b
o
%

b

S,

A,
O O O
O O

o
x

b

1 4 |




Computational Time
= AdH

— Preliminary Runs — 6 hours

— Final Refined Product — 1-2 hours

— Timestep = 300 sec
(average timestep = 1sec)

— 16 Core processor

— Mesh Density = 1ft to 40 ft

# HEC-RAS

— Final Product — 24 hours
— Timestep = 0.2 sec
— 16 Core processor
— Mesh Density = 1ft to 5 ft




~ Mesh Density - Number of Elements

£ Affects

¥ Computation

Time!!

AdH Truncated Model
239,338

HEC-RAS Truncated Model

399,616

AdH Full Domain Model
437,338




Mesh Quality
Affects Stability and Results !

® What are we looking for?

— Mesh error (i.e. area change, Element Quality Checks
angle, connecting elements) _u z m.T — |

— Density
— Boundary Sensitivity
— Land Use

® lIterative Process!

m Both Make Identifying Mesh
Errors Simple

m AdH
— Terrain Errors Slip Through

— Often aren’t caught until a model
IS completed

— Export data while running
 HEC-RAS
— Wait until it's done

[+ Ambiguous gradient

W Display Legend Options...




Results Comparison




Observation
Lines & Nodes

= Data
Calculator

= WSELIs
calculated

= Data Filter

= Qutput Flux




Viewing Results — RAS Mapper

¥ Observation Line Hiccups

¥ Discharge Internal Flux Observation
¢ Output is currently limited

E RAS Mapper

File Tools Help

Selected Layer: Velocity

s EER Max | Min | «|
12D Flow Areas
[[] Fargo 2D Validation_5x5_Aq_1x1

q_0.5x0.5

] Geometry g

[] Depth (Ma: b

=) :

|

Task 9 Truncated Extents ;'

[[] Task 9 Truncated Materials ::

[] Task 8 Truncated Extents |

5

Geometry ‘Geometry’ association was set to the one terrain available ( .:

Computing 2D Flow Area Truncated' tables g

2D Flo E:‘
Max Velocity is built from summary data, and does not necessarily represent true velocities. See 3
documentation for details. !
&



WSEL Results Comparison
Which one is correct?

2D Model Calibration WSEL Comparison

HEC-RAS 5.0 (Beta) Water Surface Profiles




Results Comparison
Which one Is correct?




894.5

Controlled
DS WSEL

Size Matters
WSEL

2D Model Calibration Bank Full WSEL Comparison

Discharge
Boundary

=== Mesh Density = 20ft x 20ft

Mesh Density = 10ft x 10ft

—— Mesh Density = 5ft x 5 ft

= = Mesh Density = 5ft x 5 ft,
Aqueduct 0.5ft x 0.5ft (200
Breaklines)

#+ Physical Bank Full (WSEL)

= == Physical Bank Full (WSEL)
AURFP




Size Matters!
Velocity

HEC-RAS 5.0 AdH

Velocity Contours and Streamlines
M4 Flow Scenario - Truncated Model
Spillway Area
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HEC-RAS 5.0
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Sensitivity Analysis




HEC-RAS Variable Sensitivity - WSEL

2D Model Calibration Bank Full WSEL Sensitivity Comparison

Manning’s

Roughness \ Base Model (Mesh density =
5ft x 5ft, Aqueduct 0.5t x

0.5ft)
— = Introduced Wall Friction

Eddy VlSCOSlty (Weir Boundary)

———— Base Model 100 % Increase in Manning's

Rougness

= == Eddy Viscosity Transverse
Mixing Coefficient = 0.1

—— AdH

= = Physical Bank Full (WSEL)
AURFP

# Physical Bank Full (WSEL)




Variable Sensitivity - Velocity

® Base Model




- AdH Flow Split Sensitivity Analysis

M4 HTW H'n" (WSEL) | MAHTW 'n"(WSEL) | M4 LTWH'n" (WSEL) | WA LTWL"n"(WSEL) | M4LTW Physical "n"(WSEL)
Unstesdy HECRAS

Sensitivity 1522340 899,00 899.00 899.00 899,00 899,00
. Overbank Elevation

Variables
-EE_-E-
| UAqueductApproach’n’ | 008 | oo |
Frali R I A
Engineered Channel "n" U 045 U 045 U 029
soundaryFlu

Output A A A
LS Discharge to Relocated Channel(cfs) 1806.55 1649.72 1803.37 1634.95 1557.73
Discharge to Risk Reduction Area
() 1633.00 3160.00 1643.00 3369.00 3830.00




Roughness [
Se n S | t | Vl ty Bed Shear (psf): 0.10.20.30.40.50.60.7 0.8

: Bed Shear Stress
Velocit M4 Flow Scenario - Full Model
| Agueduct Manning's "n" - 0.08

Significant Impact
on Overbank and
Spillway flows

/0




Lessons Learned /
Modeling Limitations
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w’ Connection Data Editor - Combined

Connection: |Spillway_US ﬂ ﬂ
Description | j J Breach {plan data) ...

Connections

From: |2D flow area: Maple Set SA/2D ... || Weir Length: 485.06
To: |ZD flow area: Spillway Set SA/2D ... || Centerline Length: 434,44

Centerline GIS Coords. ..

Structure Type:|Weir j |C0mpute flow each time step j Terrain Profile ...

Empament Spillway_US

Elevation (ft)

B % “ Legend
: - , — lﬁl
Centerline Terrain
| Copy | Delete . |CulvertID bt ;
Solution Criteria: Highest .5, EG - Rename ... ﬂﬂ
Shape: |Circu|ar Diameter: l—

o4

N 0 100 2EIID 30‘0 400
Chart | 1 - Concrete Pipe Culvert

Station (ft)

Scale #: |1 - Square edge entrance with headwall

KT

Kelect connection to Edit

Upstream Invert Elev:

=l
=l
Culvert Length: Downstream Invert
Entrance Loss Coeff: @ # identical barrels : 3 Connections
Exit Loss Coeff: 1 Centerline Station: From: 2D flow area: Diversion SetSAf2D ...
Manning's n for Top: @ Upstream | Jownstream || « : :
Manning's n for Bottom: Ta: |2D flow area: Diversion Set SAfZD ...

Depth to use Bottom n: [0 )
T Overflow Computation Method
Depth Blocked: 0

{* Mormal 2D Equation Domain~ { Use Weir Equation

Cancel

Belect culvert to edit Structure Type:




RASMapper
File Tools Help

Selected Layer: 5x5_Ag0.5x0.5

[IRivers

Cxs

[ Storage Areas
[[12D Flow Areas

[[] Fargo 2D Validation_5x
Fargo 2D Validation_5x
[IRivers
Oxs

[] Storage Areas

] Truncated
- [] LowFlow

Computing 2D Flow Area Truncate
2D FI ea Truncated' tables co
x Velocity is built from summary
data, and does not necessarily repr
Note: 2D Flow Area Truncated
property tables might not be up tod

Views | Profile Lines

-Filter




“Summary

® Time! —

# HEC-RAS 5.0 is st BETA HERE! Hgﬂﬂ

® Verification of model capabilities and limitations
# What could we have done differently

# What are we looking for in the future

® Still wondering how to choose Manning’s ‘n’ and
Eddy Viscosity parameters?

® Calibration is critical — model parameters vary




y Viscosity and Manning’s “n”




Would | recommend HEC-RAS 5.0 (in its current form)
for a project of this complexity?




Press Release...
HEC-RAS 5.0 Released




Questions

Garrett Litteken Scott Arends

glitteken@hanson-inc.com sarends@hanson-inc.com
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