
Putting Research into Practice: 
3-D Mapping of Bridges and Riverbeds 
with Underwater Sonar
What Was the Need?
According to the 2016 National Bridge Inventory, 11,183 
Minnesota bridges span waterways. About 585 of these 
water-crossings require underwater inspection, and 306 
are scour-critical: Erosion from river currents has removed 
sediment such as sand and rocks from around bridge 
piers and abutments, damaging the structures. Federal 
bridge inspection standards require hands-on inspection 
of bridges, including substructures above and below the 
water’s surface. 

Diving inspection does not always deliver precise informa-
tion about damage location and extent, debris and river-
bed topography. In recent years, bridge inspectors have 
turned to underwater inspection technologies for prelimi-
nary investigations. Such tools identify areas of interest 
and direct divers that inspect by hand. In turbid, sediment-
heavy conditions with low visibility like those found in the 
Mississippi River, nonoptical technologies—laser, radar 
and sonar—offer safe and useful options. Sonar gathers 
underwater acoustic data into point clouds for imaging 2- 
and 3-D models of conditions. 

In the winter of 2014, Teledyne BlueView of Seattle demonstrated the use of sonar at 
the Third Avenue Bridge over the Mississippi River in Minneapolis. Acoustic investiga-
tion of the frozen-over site delivered a 3-D image of a scoured cavity of eroded concrete 
under a pier in conditions unsuitable for diving inspection. Later that year, MnDOT 
purchased a Teledyne BlueView BV5000 three-beam sonar unit for $154,000.

What Was Our Goal?
In this project, the hydraulics unit of the MnDOT Office of Bridges and Structures con-
ducted several site investigations with assistance from an experienced sonar investiga-
tion consulting group. The goal was to refine methods and practices for using sonar in 
3-D mapping of riverbeds and below-surface bridge substructures. 

What Did We Implement?
The implementation team used the BV5000 to investigate and collect data from four 
Minnesota bridge projects. Inspectors compared and refined techniques, analyzed re-
sults and applied lessons learned in five additional acoustic scans around the state. 

How Did We Do It?
In the summer of 2015, the implementation team revisited the Third Avenue Bridge 
site to assist in concrete repairs. Technicians investigated and modeled the void, and 
followed up with a look at as-built concrete work to confirm proper construction and 
identify sections of the pier to monitor. 
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A field worker prepares to lower 
a tripod-mounted sonar unit into 

the St. Croix River.
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MnDOT hydraulics engineers 

honed techniques and 

approaches to underwater 

sonar investigations. Case 

studies showed that 

acoustic 3-D imaging is 

highly effective in pre- 

and post-construction 

surveys, riverbed mapping, 

substructure modeling and 

identification of important 

inspection and safety 

features for divers. 
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In October 2015, the team investigated the extent of scour and footing exposure at the 
Stillwater Lift Bridge on State Highway 36 over the St. Croix River. Inspectors compared 
three sonar deployment methods: tripod-mounted on the riverbed, metal plate–mounted 
on the river bottom and post-mounted for overhead mapping from the side of a boat. 
Acoustic imaging identified scour, located debris and modeled a known cavity undermin-
ing some concrete, a result of scour that may require intervention in the future. 

Investigators also evaluated two bridges over the Rock River on Interstate 90 (I-90) near 
Luverne, Minnesota. The bridges had sustained damage from a 2014 dam failure up-
stream that caused water to overtop the bridges and erode the riverbed, leaving notable 
scour. In December 2015, debris was caught against the bridge, and maintenance crews 
noted that some of the 2014 erosion had not filled in. Boat-mounted sonar scanning 
showed significant scour and undermining of piers for both bridges, and identified a tree 
lodged among exposed piles beneath one pier.  

The final case study was conducted in September 2016 at a U.S. Highway 63 bridge over 
the Mississippi River between Wisconsin and Red Wing, Minnesota. Scans and diving 
investigations identified subsurface footing locations and characteristics for bidding pur-
poses and preconstruction planning. 

Secondary investigations included development of baseline information at a scour-prone 
site after new construction, post-construction surveys to ensure contract compliance, a 
pre-construction scan and a riverbed mapping survey. The implementation team devel-
oped a new policy using acoustic imaging and a manual for deploying the BV5000. 

What Was the Impact?
MnDOT found 3-D acoustic imaging extremely useful. In identifying underwater site 
conditions and defects, riverbed terrain, debris location and scour characteristics, 
underwater acoustic 3-D imaging enhances substructure assessments and diver safety 
for routine inspections, pre- and post-construction scans, emergency examinations and 
riverbed mapping. 

What’s Next?
MnDOT will develop and publish an underwater imaging policy and reach out to dis-
tricts, counties, cities and other bridge owners to promote its imaging capability. The 
hydraulics unit will develop data on completed projects, generate a list of bridges that 
suit underwater imaging and ensure field personnel are trained to use imaging tech-
niques and inspection.
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Sonar imaging of a bridge over the Rock River on I-90 produced a 3-D image that showed exposed 
piles under the water and a tree tangled in the piles beneath a pier. 

“MnDOT’s use of 
multibeam underwater 
sonar for bridge 
substructures is 
innovative and unique 
among DOTs.  MnDOT 
engineers are making good 
use of the technology, and 
their implementation of 
the scanning is providing 
improved data, which 
enables engineers to make 
better maintenance and 
repair decisions.”

—Barritt Lovelace,
Regional Manager, 
Collins Engineers, Inc. 

“A District 7 bridge crew 
called in MnDOT’s 
hydraulics engineers to 
survey the underwater 
condition of a Rock River 
bridge over I-90. Sonar 
imaging revealed 8 feet of 
exposed pilings at the pier 
and a tree lodged under 
the bridge.”

—Petra DeWall,
Waterway Engineer, 
MnDOT Office of Bridges 
and Structures
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