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Unit 3: Manning’s Equation [image: ]Student Exercise
Flood Hazards Unit 3: Manning’s Equation —Student Exercise
Jim McNamara (Boise State University) and Venkatesh Merwade (Purdue University)
Introduction
In this exercise, students will evaluate the geometry of the Boise River floodplain and channel, and then use Manning’s equation to determine the magnitude of bankfull flow.
Background: The Boise River drains approximately 10,000 km2 in southwestern Idaho, originating in several branches in the dramatic, snow-covered Sawtooth Mountains, flowing to the main river eventually entering the Snake River near Parma, Idaho. Three large reservoirs separate the Upper Boise River, with primary tributaries including the South Fork and Middle Fork, from the Lower Boise River (Figure 1). The reservoirs are designed to 1) store snowmelt water for later use in the summer, and 2) protect against floods. 
In Unit 2, students computed the magnitude of annual peak flows with select return periods for the Middle Fork of the Boise River (MFBR). Reservoirs regulate flood flows to protect downstream development. Regardless, downstream channels have a finite capacity to transmit flows before water spills over banks.  The geometry of the floodplain then determines the extent of floodwaters.
Part A. Demonstration of Manning’s Equation applied to Lower Boise River
The provided spreadsheet contains survey data for two channel cross-sections in the Lower Boise River obtained by traditional surveying methods. You will use those cross-sections to compute the magnitude of bankfull flow with Manning’s Equation.
1. Explore Table 1 and Table 2 in the spreadsheet to understand origins and meaning of data.
Station is simply a survey point identifier	
Distance is the perpendicular distance to specific points across the river from an arbitrary benchmark, measured with a surveying total station
Elevation is the elevation of the ground surface or riverbed relative to sea level measured using traditional surveying methods with a total station.
Figure 1 is a plot of elevation vs distance across the river at this location. Note that elevation is highest next to the channel, then falls off into and away from the channel. The low elevation away from the channel occurs because dikes were constructed to artificially raise the bank elevation. 
2. Compute bankfull water depth. Field notes indicate that Station 3 (left side of plot) is the elevation at which bankfull flow occurs. That is, water will spill onto the floodplain above this elevation. Note that the left bank at Station 15 occurs at the same elevation. 
a. Enter the bankfull elevation in Table 3
b. In Column G, compute depth of bankfull water depth at each survey point. This is the depth that water would be if the channel were fill to bankfull. You should see depths of 0 at the banks, and a maximum depth of 3.23 meters. 
3. Compute bankfull wetted perimeter using Pythagorean’s theorem. You should compute the distance along the streambed between stations in Column H. Your first value should be in cell H9, the distance along the bed between stations 8 and 9. Your last value should be in cell H20. Sum the total length in Table 3. The correct answer is in Cell M21. Ensure that your answer matches. 
4. Compute cross-sectional area: The area in a “cell” between bankfull water depth, the stream bottom, and two adjacent survey points is calculated using geometric relationships. Students should convince themselves that the equation illustrated in the figure is true, and then compute the area for each cell. Sum all cell areas to get the total cross section area in Table 3. Check your answer against the correct answer.
5. Calculate Channel Slope. Slope, S, represents the potential energy gradient that drives flow, measured as 

Where  is the change in elevation between cross sections and L is the distance between cross sections. L is obtained by simply measuring the distance on a map or in the field. In this example, L was obtained from the LiDAR-derived digital elevation model and is 215 m.  is more difficult to obtain because changes in elevation along a river are generally much lower than the depth of cross sections. What point in a cross-section then should be used to compute slope? An internet search will reveal a wide variety of opinions on this. In this example, we used the difference between the lowest elevations in each cross section, which is 0.09 meters, producing a slope of 0.00043. 
6. Compute Hydraulic Radius. Divide total cross-section area by total wetted perimeter.
7. Enter the constant: 1 if length units are meters, 1.42 if feet. 
8. Determine Manning’s n: Determining Manning’s roughness coefficient can be quite subjective. A simple way is to match your river to color photographs published by the United States Geological Survey.  https://wwwrcamnl.wr.usgs.gov/sws/fieldmethods/Indirects/nvalues/index.htm. The author has determined that the Lower Boise River is similar to the Clark Fork above Missoula, Montana where n = 0.030.
9. Final Calculation: Table 3 shows a final estimation of bankfull flow through our cross-section of 191 m3/s, or 6,729 ft3/s. previous studies have estimated bankfull flow for the Lower Boise River to be approximately 7,000 ft3/s. Given the high uncertainty of these measurements and the qualitative nature of estimating n, we should be very pleased with this result!
Part B: Independent Activities
1. Table 2 in the data spreadsheet contains survey data for cross-section B-B’.  Following the procedures in the example above, use Manning’s equation to compute bankfull flow for this cross-section.
2. Discussion Questions
a. Comment on the similarity between computed bankfull discharges at the two Boise river cross-sections. Are they the same? Should they be? If different, what are some possible reasons?
b. In this unit, you have computed the magnitudes of bankfull flow for prescribed depths. Manning’s equation can also be used in the other direction to compute depths flow for prescribed discharge values. You will do this in Unit 4 while using the model HEC-RAS. What do you think are the most significant sources of error in this approach?
c. In Unit 2 you computed magnitudes of annual peak flows for specified return 

Products to turn in:
1. [bookmark: _GoBack]At your instructor’s discretion, turn in either a hard copy of Tables 3 and 4 from the Boise River example, or electronically submit the spreadsheet.
2. Answers to discussion questions as assigned by instructor.
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