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BACKGROUND 
 

1. The existing structure is a three-span prestressed steel truss bridge built in 1920. The 
concrete pier walls are on spread footings with timber piles.  
 

2. Hydrology – The hydrology for this crossing was taken from the Final Hydraulics Report 
and Final Hydraulics Report Addenda for the Toston Structures, NHIP-NHPBIP 
84(66)86, UPN 7668001 bridge replacement project located approximately 900 feet 
downstream of this bridge. The estimated peak flow rates for the Missouri River near 
Toston have been determined by log Pearson Type III analysis of USGS Gage 
06054500, Missouri River at Toston, published in USGS Report 03-4308. Flow data for 
this gage has been collected since 1890 with the record peak of 34,000 cfs occurring on 
6/12/1997. The peak flow rates were also calculated with USGS Report 2015-5019 and 
downloaded from the USGS StreamStats website. The flow rates using USGS Report 
03-4308 were used for design, since the change in peak flow rates for the Missouri River 
differed on the order of zero to minus three percent (0% to -3%) for the respective 
recurrence intervals. These changes would have no significant impact on the hydraulic 
analysis prepared with the hydrology from the USGS Report 03-4308.This site has a 
drainage area of approximately 14,669 mi2.  The data is summarized in the table below: 

 
Table 1 - Estimated Peak Discharges 

Peak 
Discharge 

Return 
Interval 

(yr) 

Peak 
Discharge 

Annual 
Exceedance 
Probability 

(%) 

Peak Discharge 
(cfs) 

2 50 18,700 
10 10 28,700 
25 4 32,900 
50 2 35,700 
100 1 38,300 
500 0.2 43,600 

 
 

3. March 2006 - USGS REM 
• Q100 estimated at 38,300 cfs. 
• Contraction and abutment scour estimated to be zero. 
• Pier scour estimated at 16.2 feet. 
• Main channel depth estimated at 10 feet. 
• Velocity at bridge contraction estimated to be 8 ft/s. 
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• Contraction and abutment scour estimated to be zero. 
• Handwritten notes in red state drawings show piling under footings, Item 113=5. 

 
4. 4/6/2006 – Type 1 Underwater Inspection. Majority of streambed degradation has 

occurred around the upstream opening of Pier 3 (as shown in x-section). Further 
degradation is unlikely, due to dam-controlled flow approximately 4 miles upstream. 
However, changes due to heavy ice flow are possible. 
 

5. 9/14/2010 – Type 1 Underwater Inspection. No comments. 
 

6. 10/15/2014 – Type 1 Underwater Inspection. No comments. 
 

7. 9/25/2016 – Type 1 Underwater Inspection.  
 

8. 6/18-20/2018 – Fracture Critical Bridge Inspection. Noted bridge damage due to debris 
impaction. 
 

9. 9/7/2019 – Type 2 Underwater Inspection (Initial) 

• There was a local scour depression at Piers 2 and 3 exposing the footings. The 
Pier 2 footing was exposed for its full perimeter with a maximum vertical 
exposure of 2.3 ft. The Pier 3 footing was exposed for its full perimeter with a 
max vertical exposure of 4.0 ft. (full height) along the south face. Beneath the 
bottom of the Pier 3 footing, timber cribbing was encountered with a maximum 
vertical exposure of 2.5 ft. The Pier 4 footing was exposed from 5 ft. east of the 
upstream nose on the north face around the upstream nose to the midpoint of the 
south face, with a max vertical exposure of 1.2 ft. at the upstream quarter-point 
on the south face. The exposed footing’s concrete was rough and irregular. 

• There was minor local scour at Pier 2, measuring up to 1 ft. deep, located from 
the upstream nose to the midpoint of the south face extending up to 6 ft. off of 
the face of the pier. There was local scour around the perimeter of Pier 3, with up 
to 3 ft. relative depths at the upstream nose. 

• Pier 2 - An accumulation of timber debris consisting of logs and branches up to 
18 in. in diameter was located from the upstream 1/4-point of the north face 
around the upstream nose to the upstream 1/4-point of the south face, extending 
from 1 ft. below to 1 ft. above the waterline and up to 10 ft. off the faces of the 
pier. 

• Pier 3 - An accumulation of timber debris consisting of a tree up to 18 in. in 
diameter and associated branches was located across the m nose and off the 
north face of the pier, from 1 ft. below to 1 ft. above the channel bottom and up to 
20 ft. off the face of the pier. 

• Recommended changing NBI Item 61 from an 8 to a 6 due to local scour 
exposing the footings of Piers 2 and 3 and the timber cribbing beneath the Pier 3 
footing. 

• Repair Recommendations: Remove timber debris at Piers 2 and 3 
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ANALYSIS 
 

1. The HEC-RAS model completed for the Final Hydraulics Report and Final Hydraulics 
Report Addenda for the Toston Structures, NHIP-NHPBIP 84(66)86, UPN 7668001 
bridge replacement project, located approximately 900 feet downstream of this bridge, 
included this bridge and was used to determine the hydraulic inputs for the scour 
calculations. The streambed material gradations from the Toston Structures project 
estimated the D50, D84, and D90 of the streambed material to be 0.102 ft, 0.328 ft, and 
0.427 ft, respectively.  
 

2. The Toston dam, constructed in 1940, is located on the Missouri River approximately 5.4 
miles upstream of the bridge location. 
 

3. The bridge plans show a channel bottom elevation of approximately 3902. Comparing 
this elevation to the Type 2 underwater inspection channel elevations, it is apparent 
substantial degradation has occurred since the bridge was constructed in 1920. Long 
term degradation and channel armoring has likely already occurred due to the Toston 
dam, constructed in 1940, located approximately 5.4 miles upstream. Therefore, 
additional long-term degradation is assumed to be minimal.  
 

4. Contraction scour is estimated at 0.0-feet by the USGS REM and KGM. 
 

5. Pier scour is estimated at 16.2-feet by the USGS REM and 6.4-feet with debris by KGM 
(HEC-18, 4th Edition Coarse Bed Pier Scour). 
 

6. Abutment scour is estimated at 0.0-feet by the USGS REM. Right and left abutment 
scour is estimated at 0.0-feet and 14.5-feet, respectively, by KGM (NCHRP (2010b) 
Scour Condition A). Abutment scour is mitigated by riprap placed at the time of 
construction. 

 
CONCLUSION 
 
This site is considered scour-critical due to the following conditions: 
 

• A 9/7/2019 Underwater Inspection showed that the Pier 2 footing was exposed for its full 
perimeter with a maximum vertical exposure of 2.3 ft and the Pier 3 footing was exposed 
for its full perimeter with a max vertical exposure of 4.0 ft. (full height) along the south 
face. Beneath the bottom of the Pier 3 footing, timber cribbing was encountered with a 
maximum vertical exposure of 2.5 ft. The Pier 4 footing was exposed from 5 ft. east of 
the upstream nose on the north face around the upstream nose to the midpoint of the 
south face, with a max vertical exposure of 1.2 ft. at the upstream quarter-point on the 
south face 

• The calculated pier scour leaves approximately 4.1-feet of pile exposed below the 
concrete footing with approximately 7.9-feet remaining pile embedment. 

• The MDT Bridge Bureau evaluated the remaining pile embedment and concluded that, 
based on engineering judgement and past observation of similar conditions, 8’ or less of 
pile embedment on this footing would be insufficient for serviceable stability of the 
structure following a 100-year scour event. From the records available, the footing is 
supported on timber piles that are approaching 100 year of age. The footing and 
concrete seal are likely providing a majority of the support at this point, with the pile 
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condition unknown. Stability could be compromised if scour occurs below the footing 
elevation.   

 
RECOMMENDATION 
Move structure NBIS Item 113 Code 3 and continue regular scheduled inspections currently on 
a 2-year cycle. 
 
Notify the County that the bridge is scour critical. We recommend the County repair the 
undermining at Pier 3 and provide engineered scour countermeasures for both piers. It is also 
recommended that County maintenance personnel monitor site conditions especially in the high 
flow months of May and June. Debris accumulation at the piers will significantly increase pier 
scour. Therefore, it is recommended the County remove debris from the piers prior to and 
during high flow events. 
 
In order to remove the scour critical status of the bridge through the installation of scour 
countermeasures, the undermined area under the pier must be repaired and engineered scour 
countermeasures installed to protect the foundation. Scour countermeasures must be 
engineered and installed in accordance with HEC-23, “Bridge Scour and Stream Instability 
Countermeasures: Experience, Selection, and Design Guidance-3rd Edition”, Publication No. 
FHWA-NHI-09111 and FHWA-NHI-09112. The following are links to the HEC-23 publications: 

• https://www.fhwa.dot.gov/engineering/hydraulics/pubs/09111/09111.pdf 
• https://www.fhwa.dot.gov/engineering/hydraulics/pubs/09111/09112.pdf 

 
.  

https://www.fhwa.dot.gov/engineering/hydraulics/pubs/09111/09111.pdf
https://www.fhwa.dot.gov/engineering/hydraulics/pubs/09111/09112.pdf
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Scour Sketch 
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Google Maps Photo 
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L04415000+01001, MDT Structure ID:02351 
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9/7/2019 Bridge Inspection Photo – Elevation looking East 

 
 
9/7/2019 Bridge Inspection Photo – Pier 3 Looking Northeast 
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9/7/2019 Underwater Bridge Inspection Report Figures 
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9/7/2019 Underwater Bridge Inspection Report Figures 
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9/7/2019 Underwater Bridge Inspection Report Figures  
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9/7/2019 Underwater Bridge Inspection Report Figures  
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Bridge Plan General Layout
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