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Presentation Overview

�Underwater Bridge Inspection Practices

�Current Underwater Imaging Practices

�Underwater Imaging Research & Development

�Conclusions / Questions

Protecting People and Assets by Researching and 
Implementing Underwater Technological Advances.



Underwater Imaging Observations

� Structure

� Surface Condition (Level I & II)

� Concrete, Masonry, Steel, 
Timber, and FRP Composites

� Channel

� Surface Location / Probing

� Sand, Clay, Gravel, Rock, 
Organics / Debris, and Installed 
Countermeasures



Current Underwater Imaging Practices

� Diver Observations

� Optical Devices

� Photography

� Videography

� Sonar / Acoustic

� #1: Side Scan

� #2 Multibeam

� #3 Sector Scanning

� Lidar / Green Lasers

� Geophysical Methods 

(GPR / Sub-Bottom Profiling)

NCHRP 515 Summary Comparison*



Diver Observations

� Numerous Hazards to the 
Inspector

� Constrained by Time, Air Supply, 
Temperature, and Diver Physiology

� Extensive Equipment and Staff 
Support Operations Required

� Practical Current Limit of < 4 fps

� Max Water Depth of 220 Feet (Air)

� Chamber On-Site if Depth > 100ft



Characteristics of Diver Observations

� Limited Time (Air, Depth, Temp., etc.)

� Limited by Environmental Factors 

(Current, Pollution, Turbidity, etc.)

� Constrained Maneuverability / Mobility

� Excellent Visual Acuteness, Depth-
Perception, Motion Control, and Tactile 
Ability



Characteristics of Optical Devices

� Equipment / Operator Dependent

� Restricted Observations

� Restricted by Environment (Current, Turbidity, etc.)

� Restricted Maneuverability and Motion Control

� Restricted Field of View and Tactile Ability



Echosounder Sonar

� Useful Visualization

� Documentation, but not 
Imaging for Observations

� Data Gaps / Loose Tolerances
Twenty Century

Technology

Twenty First 
Century

Technology



Sonar (Acoustic) Imaging Technologies

� #1: Side Scan 
Sonar

� #2: Multi-
Beam Sonar

� #3: Sector 
Scanning 
Sonar



#1: Side Scan / Side Imaging Sonar

� FHWA Strock Report



#2a: Vessel-Mounted Multibeam

TW Hydro2011 Fugro



#2b: Stationary Multibeam Sonar
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#2c: Diver Held Multi-beam Devices



#3: Sector Scanning Sonar 



I-90 Bridge Failure on November 25, 1990

Center of 
Sonar Head 
(Nadir)

P
ontoon D

eck

S
ection Laying Flat                                             

P
ontoon D

eck Laying on S
ide



Inventory and As-Built Documentation



Channel Bottom Documentation
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Considerations with Underwater Imaging

� Turbulence Resulting in Aerated 
Water (Bubble Issues w/ Sonar)

� Backshadowing Issues 
(Limited Depth of Field)

� Georeferencing Issues 
(Spatial Registration)

� Image Trail Coding 
(Raw, Modified, Enhanced)

� Post-Processing Quality 
Expectations (Reality or Picture)



Research Studies on Underwater Bridge Imaging

� MassDOT – Collins Engineers BURT Study 
(Boston Underwater Research Technology) Study 
for Bridge Imaging, 2008

� Queens University – Collins Engineers KTP 
(Knowledge Transfer Program) Study on 
Underwater Technologies, 2009-2011

� Idaho DOT – Collins Engineers Contract Study 
on Underwater Bridge Imaging Criteria and 
Guidelines, 2011

� WisDOT – Collins Engineers Comparison Report 
with Diver Measurements vs. Acoustic Images, 
2008-2011

� Transportation Pooled Fund Study TPF – 5(131) 
(FHWA, California, Missouri, North Dakota, 
South Carolina, Texas, Wisconsin), 2011-2012



Underwater Technology Database Analysis



Limitations of Acoustic Imaging Devices



Fast Current Challenges & Coding Stds.



Detection of Joints and Cracks



Future Underwater Imaging Practices

� Diver Observations

� Optical Devices

� Photography

� Videography

� Sonar / Acoustic

� #1: Side Scan

� #2 Multibeam

� #3 Sector Scanning

� Lidar / Green Lasers

� Geophysical Methods 

(GPR / Sub-Bottom Profiling)

NCHRP 515 Summary Comparison*



Underwater LIDAR / Laser Scanning
Research Study Findings



Underwater GPR



Technology Status to Date
� Vast Amounts of Expensive Equipment Available

� Relatively Easy to Operate but Requires Skilled 
Operator to Master Use and Interpret Results

� Innovative Tools Supplement Diver’s Observations

� Use of Underwater Imaging Technology

� Training, Standards, Guidelines and Acceptance

� FHWA still requires 10% Level II Examination by Diver

� Diver Verification of Findings as Part of Level I Effort

� Research & Development Continues for 21st Century



Questions

Please  Feel Free to Contact:

Daniel G. Stromberg, S.E., P.E.

dstromberg@collinsengr.com

Terence M. Browne, P.E.

tbrowne@collinsengr.com

1-877-FIND-CEI (24-hr Emergency Hotline)


