
1

Uncertainty and Risk in Hydraulic and 
Sediment Transport Aspects of Stream 

Restoration Design: 
More than Just Water Under the Bridge

• Presenter

Bill Fullerton, Senior Hydraulic Engineer
Tetra Tech Inc.

Topics

• Recognize uncertainties in analyses
• General analysis approach
• Two-dimensional analysis
• Risk considerations in projects
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Uncertainties

HydraulicsSediment
Transport

Some Other Uncertainties

• Hydrology
• Idealized 
• Empirical equations

• Multi-dimensional
• Meandering
• Future?
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Three Level Approach

Level I: QualitativeLevel I: Qualitative

Level II: QuantitativeLevel II: Quantitative

Level III: ModelingLevel III: Modeling

General Aspects

I – Geomorphology
I – Site Assessment

II – Hydraulic Analysis
II – Sediment Transport 

III - ModelingLevel III
Modeling
Level III

Modeling

Level II
Quantitative

Level II
Quantitative

Level I
Qualitative

Level I
Qualitative
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Two-Dimensional (2-D) Hydraulic 
Models

• Increasing 
use

• Complex 
hydraulic 
conditions

• Two 
examples

2-Dimensional Model
Alluvial Fan – Big Quilcene

• Alluvial fan
• Levees
• Deposition
• Breaches
• Permitting
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2-Dimensional Model
Alluvial Fan

• Levee set-
back

• Bridge 
replacement

• Levee 
removal

• Removal of 
structures

2-Dimensional Model
Alluvial Fan

• Complex flow 
patterns

• 7 alternatives
• Future fan 

conditions
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2-D Hydraulic Model
Floodplain Reconnection

• Straightened
• Bull-dozed

Current Alternative Difference

Application of 2-D Hydraulic Model
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Current Alternative Difference

Application of 2-D Hydraulic Model

Structural Project

• Urbanized 
watershed

• Increased 
flows

• Reduced 
sediment 
load

• Incised 
channel
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Structural Project

Tributary impacts

Infrastructure

Structural Project

Typical Solution

• Fill
• Grade control
• Bank 

stabilization
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Structural Project
Risk Issues

• Flanking of grade controls
– Channel migration
– Large events

• Progressive failure
• Downstream degradation or headcut

High Risk / Maintenance

Project Formulation

Primary Restoration
Activity

• On-site: Stressor
• Off-site: Stressor
• On-site: Stabilize
• On-site: Project to 

maximize specific 
habitat

Stressor

• On-site
• Off-site
• Off-site
• Off-site

Risk

• Low
• Low
• High
• High
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Do We Have A Project?

• Does project address cause of problems?
• Sustainability
• Maintenance
• Potential failure modes
• Consequences of failure
• Inform owners and sponsors

Summary

• Uncertainties exist in hydraulic and 
sediment transport analyses

• Analysis approach influences uncertainties
• 2-dimensional modeling can reduce 

uncertainties
• Project formulation influences risk of 

failure
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Thank you

Questions?

?
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Paved Bed

Armored Bed

Structural Project
Alternative Approach

• Define corridor
• In-stream grade control
• Bury corridor wide grade control
• Bio-engineered banks
• Protect edges of corridor
• Allow channel migration within corridor
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2-Dimensional Model
Alluvial Fan

• Bed load transport analysis
• Altered model grid to reflect deposition


