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Introduction

~450-ft Rail Bridge in need of Replacement

> Location: Preston, NE > Built in early 1940's
> Owned by BNSF > ~200-ft Overflow Relief Bridge Structure

Today’s Presentation

Project Overview

A7

A7

Estimating Scour Potential in Complex Hydraulic Environments Utilizing 1-D Models

Can 2-D Models Make this Process Easier?

A7

Sediment Transport Modeling a useful tool?

A7

Results Comparison and Discussion of Findings

A7
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1-D HEC-RAS
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Bathymetric
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Big Nehama River Profile at BNSF Bridge 110.10 Preston, NE
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Existing Scour
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Hydrology
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Hydrology

Big Nemaha River

Gage
Height
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Calibration
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Flow Angle of Attack
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HEC-18 Bridge Scour

Contraction Scour .
e roun 2R Pier ( Local ) Scour

Hydraulic Engineering Circular No. 18

Evaluating Scour at Bridges
Fifth Edition

E

U.S. Department of Transportation ‘
Federal Highway Administration v’

This Photo by Unknown Author is licensed under CC BY-SA


https://en.wikipedia.org/wiki/Bridge_scour
https://creativecommons.org/licenses/by-sa/3.0/

Scour Analysis
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Full Floodplain
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2D Steady State

« Steady Flow — No Transpor
* Restart Required

* Ensure model accuracy
« Keep Sediment Transpor
* Low Resolution Mesh

e 2D Parts

Mesh Density and Qu
Polygons/Mesh Orie
Topo Surface
Materials
Boundary Conditi




Mesh Density and Quality

« Computationally Complex

« Steady

« 150,000 elements
(computer power)

 Sediment
e 40,000 but 30 is better

« 5-ft to 100-ft
« Maintain Quality

 Hole In mesh
* No Slip




Quadrilateral
Elements
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Surface Terrain

« Stamped Channel
« HEC-RAS
« SMS

 Resolution vs Detall

Profile

200
Distance



Materials &
Boundary
Conditions

* Informed by 1D
e 1-mile to eliminate
boundary influence
 Calibration
* Pressure Flow
* Levee Overtopping




Mew Coverage

Coverage Type:

[l Generic
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-~ 10-Hyd Cross Sections
- Activity Classification
- Area Property
- C0™id Generator
- Lcuq:c}-:tinn
-~ Mapping
- Mesh Generator
- Oh=zervation
- Particle-Drogue
- Plat Data
- Spatial Data
- Spectral
- Stamping
- Models

HoAnu

Coverage Name:  |Bridge Scour
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» 2 Changes

« Boundary
Condition
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2D Sediment Workflow
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Boundary Condition — Sediment Transport

Sediment Transport Parameters Sediment Transport Equation:

M BC Type Parameters Sediment Spedfic Gravity: EngelundHansen r

Transport Equation Coefficents

]
[ 4]
n

Run Type . . . .
: Particle Diameter Threshold (mm) iy T ey I
Hydro/Transport: Mon-Transport Equation Dependent

1]0.0625 Water Temperature:
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Boundary Conditions - Part 2

* Total Sediment

Adaptation Length for Bedload Transport

Mode: LO ad
Philips-Sutherland Saltation Length Formula - ° B e d LO ad
Active Layer Thickness Specification e SUS pe N d ed Lo ad
Mode:
_ — « Wash Load
Thickness Based on D90 -
Cohesive Sediment Modeling ¢ S e d | me nt Typ e

Cohesive Sediment Modeling: « FHWA!




Sediment
Materials

 Soil Type

 Boring Investigatio
 Detall?

e Level of Influence

Material Properties

Materials
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Channel

Mon Erodible

This Photo by Unknown Author is licensed under CC BY-ND
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http://fwtc.wordpress.com/2010/11/17/standard-hell%E2%80%99s-kitchen-personalities-we-get-every%C2%A0season/
https://creativecommons.org/licenses/by-nd/3.0/

Upstream Sediment Inflow

Particles in suspension and ions in solution
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This Photo by Unknown Author is licensed under CC BY



https://courses.lumenlearning.com/physicalgeology/chapter/13-3-stream-erosion-and-deposition/
https://creativecommons.org/licenses/by/3.0/

Model Results

e )



http://wahlnetwork.com/2011/03/18/sitting-the-vcap-dca-exam/
https://creativecommons.org/licenses/by-nc-sa/3.0/
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Availlable Results
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How’d We Do

This Photo by Unknown Author is licensed under CC BY-SA-NC


http://homeless-mankind.blogspot.com/2012/05/youve-nailed-it.html
https://creativecommons.org/licenses/by-nc-sa/3.0/

Comparison Table

2-D Sediment 2-D Sediment 2-D Sediment

Transport
P Transport

(Post-Scour
to Bedrock) (Post-Scour)

1-D HEC-18 2-D HEC-18 Transport
(Pre-Scour)

Flow Through Bridge

(cfs) 101,000

Contraction Scour
Depth (ft)

Contraction Scour Bed
Elevation (ft)




Elevation (ft)

—High Chord —Low Chord
—Shale Ao 1-D Total Scour
—Existing Ground - — 1-D Contraction Scour

oo Peak Sed. Transp. Scour D/S - Bedrock - = Peak Sed. Transp. Scour D/S - Channelized R eS u I tS
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Questions to ask yourself

» What's the right level of complexity
« 1D, 2D + 1D HEC18, 2D Sediment Transport

* How much historic data is available?
e Calibration 3. Find x.

* Where do | need borings?
 How many

* |s a surface investigation enough
» Assumptions

* Risk
 What about the channel
« Equilibrium
 Bed forms

This Photo by Unknown Author is licensed under CC BY-SA-NC


http://mulier-fortis.blogspot.com/2008_11_09_archive.html
https://creativecommons.org/licenses/by-nc-sa/3.0/

Simulation Time

« Steady vs Unsteady
« ¥4 Speed

* 1 simulation hour =
1.5 real hours

* Troubleshooting and
Iterating

This Photo by Unknown Author is licensed under CC BY-SA-NC


http://doug-johnson.squarespace.com/blue-skunk-blog/2018/4/28/its-about-time-to-give-up-some-of-these-skills.html
https://creativecommons.org/licenses/by-nc-sa/3.0/

Key Variables

***Start With a Well Calibrated Hydraulic Model!!

» Upstream Boundary — Capacity
* Boring Locations
« Soll Distribution
* Equations

« Sediment Depth
« Concentration
 Flow Distribution
* Time




Moral of the Story

« HEC18 vs. Sediment Transport

* HEC-18 « Sediment Transport
« Continued refinement « Black Box
« 2D doesn't fit every problem * Viable Tool
« HEC18 — 2D Informed « Continued improvement and
verification

« Contraction Only




To Be Continued

« Continued Research
« Unverified approach
 Incorporating pier scour
* Long term degradation

« Coming down the pipeline
« Bank Migration

« 3D modeling
* Pier scour
e Supercomputer?

This Photo by Unknown Author is licensed under


https://fabiusmaximus.com/2013/08/10/posen-future-53627/
https://creativecommons.org/licenses/by/3.0/

YOU DONT
KNOW
ANYTHING
ABOUT MY
PROJECT.

I NEED A BUDGET
ESTIMATE FOR MY
PROJECT, BUT I DONT
HAVE A SCOPE OR A
DESIGN FOR IT YET.

OKAY, MY

ESTIMATE
IS #3,583,7249.

2009 Scott Adams, Inc./Dist. by UFS, Inc.
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This Photo by Unknown Author is licensed under CC BY-SA


https://medium.com/@gsaslis/whats-wrong-with-estimates-7af6d188a132
https://creativecommons.org/licenses/by-sa/3.0/

