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In t ro d u c t io n s

15 years  working in Hydrology & Hydraulics

Water Resources  and Transportation Hydraulics

  Study and Final des ign
  Stormdrain Design
  Bridge Hydraulics
  Scour and Scour Mitigation
  Sediment Transport
  Stormwater Pump Stations 
  Large Scale Drainage Infrastructure
  Multi-Dimensional Hydraulics
                        Field Assessment

Dan Pfeifer – Transportation Hydraulics Manager



PRINCIPAL BRIDGE FAILURE CAUSES

3

 Flooding – changing climate and extreme weather events are 
causing more flood-related damages to bridges

 Scour – gradually wearing away streambed material (soils) 
around and underneath the bridge piers and abutments  

 Deterioration – bridges in US earn C+ rating for maintenance and 
safety. One out of every nine bridges is considered structurally 
deficient

 Design & Manufacturing Defects – weak structural elements, 
insufficient redundancy, poor quality steel/concrete, improper 
welding techniques

 Other – overload, earthquake, collision, fire
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STATISTICS OF BRIDGE FAILURE
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Source: Michael Taricska (2014) 
Mas ter Thes is , Ohio State Univers ity



TYPES OF BRIDGE SCOUR
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 Contraction Scour – results from a contraction of flow area at bridge which 
causes an increase in velocity and shear stress on streambed 

 Bend Scour – sediment eroded by a transverse roller of flow on the outside bank 
caused by helical (secondary) flow in a bend 

 Bedform Scour – occurs as part of the formation and movement of dunes & 
antidunes in alluvial rivers, mostly in upper regime flow

 Pier & Abutment Scour –  gradually wearing away streambed material around 
and underneath the bridge piers and abutments due to vortex formation 
(turbulence) near flow obstruction   

 Long-Term Degradation (Headcut) – gradual lowering of the s treambed 
due to a deficit in sediment supply or increased sediment 
transport capacity 

 Lateral Erosion – commonly caused by realignment of a stream and erosion of 
its banks near abutments of the bridge



FHWA BRIDGE SCOUR EVALUATION
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GEOMORPHIC ASSESSMENT
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Flow Obstruction – Vertical Channel Adjustment

C

C’

A

Base Level

Aggradation Original Equilibrium Grade

Degradation @ Road

Bridge

Lane’s  Balance



GEOMORPHIC ASSESSMENT
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Flow Obstruction – Vertical Channel Adjustment
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HEADCUTTING 9

Gravel Pit

Source: https :/ / serc.carleton.edu/details / images/12592.html

Source: Haghnazar (2019), Impacts  of Pit Dis tance 
and Location on River Sand Mining Management

Source: http:/ /www.er-contech.com/Flexible-Concrete-Revetment

https://serc.carleton.edu/details/images/12592.html
http://www.er-contech.com/Flexible-Concrete-Revetment


St ru c t u re s  in  t h e  
Mu lt ive rse

Modeling Mother 
Nature and 
Structures

Mesh –  LiDAR, 
Point Cloud

Conceptual Des ign

Global Warming 

Informed Decis ions

Infras tructure 



ADOT I-10  W id e n in g  Gila  
Rive r Brid g e  St u d y

GOALS

Assess  Exis ting 
Capacity & 
Performance

2D Modeling 
Initiative

Recommendations

Global Warming

Support Final 
Des ign Decis ion



I-10 BRIDGE LOCATION, AZ
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I-10 HYDROLOGY
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• 19,520 Sq Mi
• Regulated Flows  - Dams
• Gage Data 1912 - 2021

• Multiple 100,000cfs+ Events
• Multiple River Sys tems
• Stretches  Into Both New and Old 

Mexico



I-10 FIELD VISIT
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• 17 Span Concrete Girder
• L = 1,337ft
• Complex Pier w/  Pie Walls
• Expans ive Floodplain 



I-10 FIELD VISIT
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I-10 FIELD VISIT
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1983 Flood Event

I-10 HISTORY
17

• Southern Abutment Failed (Twice!)
• Significant Sediment Depos ition
• Sediment Depos ition

• Roadway Embankment 
Failure

• Southern Spire Dikes
• Dams
• Tropical Storms



I-10 BRIDGE HYDRAULICS ASSESMENT
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• Study His toric and Des ign Flow Rates
• Freeboard
• Sediment Transport



I-10 BRIDGE HEC-RAS MODEL
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Source: Michael Taricska (2014) 
Mas ter Thes is , Ohio State Univers ity



20HEC-RAS



21SEDIMENT TRANSPORT CAPACITY AT I-10 
BRIDGE



CONCLUSIONS

22

 Average annual sediment transport capacity ups tream of I-
10 bridge is  111,000 tons /day

 Average annual sediment transport capacity at I-10 bridge is  
only 17,000 tons /day

 Average annual sediment transport capacity downs tream of 
I-10 bridge increases  to 110,000 tons /day

 Significant decrease in sediment transport capacity through I-10 
bridge crossing will cause long-term sediment deposition (~4 ft 
in 50 years) on channel bed, unless routine removal of sediment 
occurs

 Abrupt increase in sediment transport capacity downstream of 
I-10 bridge crossing will produce geomorphic headcut (channel 
incision) with  tendency to propagate upstream if not mitigated



• ADOT –  I-10 Bridge Replacement
• Mass ive Watershed
• Scour/Aggradation
• Overtopping
• High Profile –  Es timated 88M to Replace
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• ADOT –  I-10 Bridge Replacement
• Mass ive Watershed
• Scour/Aggradation
• Overtopping
• High Profile –  Es timated 88M to Replace

P ROJECTS – GILA RIVER, 
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MANUELITO W ASH MANUELITO, NM

Bridge No. 6279

Bridge No. 6280

GOALS

Res tore Wash

Improve Bridge 
Geometry

Mitigate 
Scour/Eros ion

Improve Safety to 
Motoris ts





MANUELITO W ASH MANUELITO, NM

Bridge No. 6279

Bridge No. 6280

His toric Des ign

Minimize Bridge

Fill in Wash

Apply Scour 
Protection

Shorten Natural 
River Flowpath



MANUELITO W ASH MANUELITO, NM

Bridge No. 6279

Bridge No. 6280

Results

Wash Locked 
Between Bridges

River Slope

Lateral Migration

Lanes  Balance in 
Action



DESIGN GOALS

Stable Outfall

Steady Profiles

Res tore Wash

Stable Hydraulics

Stable Beds lope

Optimize Cos t
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Qu e st io n s?

Dan Pfeifer, PE CFM
Transportation Hydraulics  

Manager
Daniel.Pfeifer@hdrinc.com

mailto:Daniel.Pfeifer@hdrinc.com
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