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Floods on the Minnesota River—Planning for St. Peter
In this lab, you will make a flood hazard map for your hometown, the city of St. Peter.  You will use the 100-year flood as the design flood level, that is, the elevation to use as a base for city planning in St. Peter.  When you are finished, you will be able to recognize areas that may be susceptible to flooding and will recommend whether the owners of this property should invest in flood insurance or move.
To do this, you need to answer the following questions:


What is the magnitude of the 100-year flood?


What elevation would the 100-year flood reach in St. Peter?

To precisely determine the 100-year flood magnitude in St. Peter, it would be best to have a stream gage along the river in the center of the city.  However, St. Peter does not have a stream gage.  The closest gage upstream is at Mankato; the closest gage downstream is at Jordan.  You will use gage data from these two sites and interpolate the St. Peter flood level.  

To begin, you must determine the magnitude of the 100-year flood at Mankato and at Jordan.  You will work in groups to do this; half of each group will evaluate the Mankato data; the other half the Jordan data.  Each group will need the following materials provided at the front of the room (although I strongly recommend that you make graphs Excel, in which you case you only need items 3 and 4; see instructions below):


1.  2 sheets of semi-log graph paper

2.  2 sheets of arithmetic graph paper

3.  1 topographic profile of the Minnesota River (attached, page 3)

4.  1 copy of the topographic sheet of the City of St. Peter (attached, page 4)
To turn in. By the end of this lab today (you must finish it today!), turn in the two recurrence-interval graphs, the two rating curves, the longitudinal profile from Mankato to Jordan, your flood-hazard map, and answers to questions a-d.  Turn in only one copy of each per group.
Part 1.   Determining the 100-year flood from the maximum annual flood records at Mankato and Jordan
Flood records from these two towns are tabulated in the Excel spreadsheet sent to you before lab.  Remember that the discharge (Q, units of cubic feet per second) shown is the largest flow level to have occurred during the given year.  Thus, each record is the maximum annual flood.

Follow these steps to determine the 100-year flood at the Mankato or Jordan gage stations:

1.  Count the number of years of record.  This is the value of N used in the recurrence interval equation seen below.  A recurrence interval is the frequency of an event (e.g. a flood) of a specific magnitude expressed as the average length of time between events of that magnitude.  Record the number N for the Mankato or Jordan flood record in the cell shaded yellow at the top of the spreadsheet.

2.  Determine the ranking of the floods.  The rank can also be thought of as the relative magnitude (with rank = 1 being the highest).  After a quick scan, you should be able to see that the largest flood at each site occurred in 1965.  In Excel, select all the data in the table (in columns A-E).  From the “Data” menu, choose “Sort”, and sort descending by Flow (column C).  Enter the rank for each flood on record.  To rearrange the data by year, sort them again by year.  
3.  Compute for every flood the recurrence interval using the following equation:


R  =  (N + 1) / m
Where R = recurrence interval


N = total number of floods on record


m = flood rank

4.  Make a graph plotting discharge (Q) vs. recurrence interval (R) on semi-log paper.  To do this in Excel, plot the data using an X-Y scatter plot with Q on the vertical axis and R on the horizontal.  Be sure to set the horizontal axis to a logarithmic scale.  
5.  Draw a “best-fit” line through the points on the graph and extend this line to the right until it crosses the vertical line where R = 100.  To do this in Excel, select “Add Trendline” from the “Chart” menu, and select a logarithmic fit.  Read the value off the vertical axis to get an estimate of the discharge of a 100-year flood.  At this point, your group should discuss how reliable this number seems to be.  Do you think this value is accurate?  How far off could it be?  Using the drawing tools in Excel, fit two more lines to these points that might help you estimate maximum and minimum values of Q for the 100-year flood.
Part 2.   Determining the stage of the 100-year flood at Mankato and Jordan by constructing a rating curve
1.  The stage is the elevation (feet above sea level) of the flood. Make a graph plotting discharge (Q) vs. Stage on arithmetic paper.  To do this in Excel, plot the data using an X-Y scatter plot with Q on the vertical axis and Stage on the horizontal.  This time, do not set the horizontal axis to a logarithmic scale. 
2.  Draw a line through the points on this graph.  To do this in Excel, select “Add Trendline” as above, but this time think carefully about the type of trendline to fit to the data (linear, exponential, logarithmic, how do you know which is best?).  The trendline is a rating curve.

3.  Use the discharge value of the 100-year flood you determined in part 1 to estimate the stage of this flood on the rating curve.  This is the estimated elevation, or stage, of the 100-year flood in Mankato and Jordan.

Part 3.  Determining the stage of the 100-year flood in St. Peter
1.  Examine the longitudinal topographic profile of the Minnesota River between Mankato and Jordan.  Notice that the profile has been vertically exaggerated; the river really isn’t as steep as the profile makes it appear.

2.  Plot the stage of the 100-year flood at Mankato and Jordan at the appropriate points on this graph.

3.  With a ruler, connect these points and read off the elevation of the line at St. Peter.  This is your estimate of the level, or stage, of the 100-year flood in St. Peter.
4. At this point, discuss with your group the reliability of this estimate (what are potential sources of error in this value?).  Estimate a ( value for stage (i.e. uncertainty).  Do this by calculating stages for your maximum and minimum values of Q from the “Q vs. R” graphs.  

Part 4.   Making a flood hazard map of St. Peter
1.  On the photocopied area of the St. Peter 7.5’ quadrangle, trace or draw in a contour line that has the elevation of the 100-year flood stage determined in part 3.  Do this on both sides of the floodplain.  Complete the map by coloring or hachuring the area lower in elevation than this line.  You have just made a flood hazard map.
Part 5.   Evaluating the process and making zoning recommendations for St. Peter
a.  Discuss with your group the sources of error in the process we just completed.What are the problems inherent in estimating the 100-year flood?

b.  What are the problems inherent in estimating the stage?  What are the ± values you calculated for the stage of the 100-yr flood at St. Peter?  Could these be of significant concern to St. Peter planners?  Would the Gustavus campus be impacted by the 100-year flood?

c.  Would the entire floodplain be occupied during the 100-yr flood?  What specific areas of St. Peter are at risk of being inundated the flood?
d. Patrick’s bar is considering relocating to a property near the river at elevation 780 ft above sea level.  The city would require purchase of flood insurance at this property, at a premium of $1000/month.  Based on your estimate and uncertainty of the 100-year flood level in St. Peter, would you recommend that Patrick’s relocate to this area?  Explain your answer.
e.  Go to the website http://waterdata.usgs.gov/nwis/uv?05325000 .  Is the Minnesota River flooding in Mankato today?  What are the gage height and the mean discharge of the river on today’s date?
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