SR 37 over James River near Mitchell, SD
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Site Overview

The study site is located on the James River 20 miles north of the town of Mitchell on State Highway 37.  The site is approximately 4.5 miles downstream from the USGS gaging station near Forestburg (06477000).  High flow measurements for the Forestburg gaging station are actually made from the SR 37 bridge therefore a wire weight is installed on the upstream side of the bridge. The period of record for the station is from March 1920 to the current year, with an annual mean flow of 493 cfs, and an instantaneous peak flow of 25,600 cfs recorded on April 6, 1997.  The South Dakota USGS measured an approximate peak of 17,100 cfs during the flood of April 2001 during which the USGS National Bridge Scour Team in cooperation with NCHRP and the University of Louisville made real-time bridge scour measurements at the site.  A manned boat was deployed during the April 2001 flood and detailed scour data was collected with a 1200 kHz acoustic Doppler current profiler (ADCP).

The site is located in a highly rural/agricultural landscape with moderate topographic relief.  The was no road overtopping nor any relief bridges associated with the SR 37 bridge, therefore all of the flow in the James River contracted and passed through the bridge opening.  The bridge is a concrete girder, three span structure supported by two groups of cylindrical piers (3 in each group) which are both founded on steel piles.  The upper 10-15' of the bed is comprised of a sandy-silt followed by 10-20 ft of silty-clay.

Hydrologic Conditions

Greater than normal precipitation starting with late fall rains in 2000, greater than normal snowfalls, a delayed snowmelt, and above average rains in April, all contributed to the upper Midwestern flooding in the spring of 2001.  The James River basin received a surplus of 10 inches of precipitation through the winter of 2000-2001 and the early part of spring 2001.  The temperatures in February, March and the first part of April were 10-15 degrees below normal, which delayed the typical period of snowmelt enough to coincide with a period of above average rainfall associated with a series of cyclonic weather systems characteristic of early spring.

Data-Collection Methods

A manned boat was deployed at the SR 37 site, which allowed for detailed data to be collected through the bridge opening and over a large area upstream and downstream of the bridge.  An ADCP was used to map channel bathymetry and measure three-dimensional velocities and discharge. Detailed data was collected in the main channel and overbanks throughout the reach extending 1050 feet downstream and 1300 ft upstream of the bridge. The left floodplain flow entering the main channel was also measured by traversing a section that cut-off the floodplain discharge.  Positions of the data collected were determined using a differential global positioning system (GPS).  Water-surface elevations were collected via a USGS wire-weight gage located on the upstream bridge face.  

Discussion of Contracted Site

The bridge had a contraction ratio of around 0.48, with a large majority of the contracted flow coming from the left floodplain.  A berm located approximately 100 feet upstream of the bridge on the left overbank directed the contracting flow into the channel upstream of the left abutment (see figure 1).  
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Figure 1. – Looking upstream at left floodplain and berm, from bridge deck.
Bridge Info

The structure (#56-150-176) is a 42 ft wide, pre-stressed girder bridge with 3 - 120' spans supported by two piers, both located in the main channel of the James River.  Pier #1 is on the left, looking downstream, and consists of 3 separate 3.75 ft diameter cylindrical piles.   Pier 2 is on the right and also consists of 3 separate 3.75 ft diameter cylindrical piles. The bridge has a type III contracted opening, meaning it has sloping embankments and sloping spillthrough abutments.  The bridge has a 2.897% downhill grade in the northbound direction.  The low-chord elevation is 1232.6 ft above sea level.  

Geomorphic Setting 

The geomorphic setting and channel alignment of the James River at the SR 37 bridge is depicted in figure 2 as well as a graphical representation of the effects of the roadway embankment on the flood-flow.  A contour plot of the channel bathymetry collected during the April 2001 flood can be found in figure 3.
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Figure 2. – Geomorphic setting and channel alignment for the James River at SR 37 bridge near Mitchell, SD

Flood Photos

Additional photos taken during the flood in April 2001 are shown in figures 4 – 7.
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Figure 4. – Looking upstream towards left floodplain from bridge deck
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Figure 5. – Looking at upstream bridge face from berm on left bank
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Figure 6. – Looking at downstream left floodplain from bridge deck
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Figure 7. – Looking downstream at right overbank from bridge deck
Measurement of Contraction Scour 

Inspection of the "approach" section (one bridge width upstream) revealed a large discharge relative to that of the contracted opening.  It was discovered that the blockage caused by the roadway embankment forced a majority of the left floodplain flow back into the main channel at the "approach" section (see figure 2).  A cross section made further upstream showed much less discharge, which was consistent with channel discharge downstream of the bridge opening.  Data from an ADCP section that cut-off the left floodplain flow accounted for all but 500 cfs of the difference in discharge between the "approach" section and the section further upstream.  The section furthest upstream was used as the uncontracted section because it was most representative of the flow naturally carried by the main channel had the roadway embankment not be present.  The following widths and corresponding hydraulic characteristics for both the contracted and uncontracted sections are representative of the portion of the channel in which live-bed transport would be expected.  The measured live-bed contraction scour was estimated to be 3 feet with accuracy of +/- 1 foot.

Measurement of Abutment Scour

The flow separation point on the left valley wall was too far upstream to get a measurement and much of the floodplain flow re-entered the channel by the time it reached the section located one bridge-width upstream.  As previously discussed, a section was made with the ADCP along the left bank of the channel to cut-off the floodplain flow entering the channel and gain insight to the amount of discharge that was being blocked by the roadway embankment.  The measured live-bed abutment scour at the upstream left abutment was estimated to be 4 feet with accuracy of +/- 2 feet.  No scour was detected at the right abutment.

POST-FLOOD SURVEY

A post-flood survey of the site was conducted October 26-27, 2001 during low-flow conditions to collect more detailed topography data in the floodplains, bed material samples, and more refined Manning’s n estimates.  The following photos (figures 8-14) reveal the channel alignment relative to the bridge as well as the scour remnants of the April, 2001 flood.  
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Figure 8. – Post-flood conditions, looking upstream at bridge from right bank
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Figure 9. – Post-flood conditions, looking upstream from bridge deck
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Figure 10. – Post-flood conditions, looking at upstream left floodplain from bridge
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Figure 11. – Post-flood conditions, looking at downstream bendway from bridge
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Figure 12. – Post-flood conditions, looking at downstream left floodplain from bridge
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Figure 13. – Post-flood conditions, looking downstream at left abutment scour
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Figure 14. – Post-flood conditions, looking upstream at left abutment scour

Bed Material Data

Bed material samples were collected at three locations in the main channel; 150 feet upstream of the bridge, in the bridge opening, and 200 feet downstream of the bridge.  The samples consisted primarily of a mildly cohesive clayey-silt and had a D50 = .02 mm.  The grain size distribution of all the samples were very similar with the only difference found in the D95 of the samples in the bridge opening, which was larger (1.4 mm) than the D95 of the samples collected upstream and downstream of the bridge (.27 and .26 mm, respectively). The grain size distributions for the three sample locations are shown in figures 15-17.  
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Figure 15. – Grain size distribution for the bed material sample collected in the SR 37

bridge opening
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Figure 16. – Grain size distribution for the bed material sample collected downstream of the SR 37 bridge.

Figure 17. – Grain size distribution for the bed material sample collected upstream of the SR 37 bridge.
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