Prep: Need topo maps of Des Moines River, topo profile, rulers, and colored pencils; data and graphs

Flood Frequency and Risk Assessment

Name:




How often will a river flood?  How bad will the damage be?  City planners, home owners, farmers, builders, architects, and insurance companies often need to know.  In this lab, you will calculate recurrence intervals for various degrees of flooding, based on historical data.  Then you’ll plot that on a flood frequency curve.  Combining your flood frequency data with a topographic map of the region, you’ll do a risk assessment for the surrounding community.

Purpose: 

· To apply the techniques of flood frequency analysis and risk assessment, commonly used by geologists and engineers, to a portion of the Des Moines River in Iowa.  

Learning Goals:  

· Be able to define river stage

· Be able to describe recurrence interval in your own words, and relate it to the probability of a particular level of flooding

· Be able to describe how recurrence interval is determined, including what data are necessary to calculate it

· Be able to explain why it is difficult to make long-term predictions of large-scale disasters

· Know how often, on average, a typical river (like the Des Moines) overtops its banks

· Be able to describe some of the problems associated with flooding of the Des Moines River

What to do:  Working in groups, you will analyze data from a gaging station on the Des Moines River, in Des Moines, IA.  You will use this data to calculate recurrence intervals for various river water levels.  Then you’ll plot your recurrence intervals on a graph of flood frequency analysis for the Des Moines River.  This will allow you to determine how often flood waters reach various elevations.  Comparing your results with a topographic map of the region around the gaging station, you’ll then be able to analyze some of the environmental impacts of flooding.  

What to turn in:  You and your partner(s) should turn in your data table, your flood frequency graph, your map and topographic profile, and the answers to the bulleted questions in the text of the lab.  Your answers to questions should be in complete sentences.  For calculations, show your work, and remember that numbers without the correct units are meaningless.

Due date:  Next lab period.

The United States Geological Survey (your tax dollars at work!) records the level of the river water – along with several other types of data – at gaging stations nationwide on a continuous basis.  (You can access the data from any of the stations, nationwide, via the USGS website.  For example, you can check out water quality data for the Mad River -- Springfield gets its drinking water from wells just adjacent to the river.)  Water elevations for the Des Moines River, in Des Moines, IA, are given on the data sheet.  

The bed of the Des Moines River is at an elevation of 762.5 feet above sea level.  The gaging station where the data were collected is at the Scott Street Dam, located at the confluence (juncture) of the Raccoon and Des Moines Rivers.  The peak river stage listed on the data table is the elevation of the top of the river on the day of the year when it was at its highest.  The data are listed in ranked order from highest to lowest peak stage.  Look at the graph of annual peak stage.  This shows you how high the river got each year – that is, it’s a graph of the data in sequential order.  

Now consider the data table, in ranked order.  Each peak stage is assigned a ranking, called the magnitude number, M.  The highest stage is given a magnitude number of 1, and lower stages are numbered in increasing M for the duration of the record.  The number of items (data points) in the record is N.  Obviously, N is simply the number of years for which data has been collected, and will vary from river to river.  We can calculate the recurrence interval for a given stage using the following equation:

RI = (N + 1) / M

The recurrence interval for a particular river stage simply tells us how often, on average, we expect the river to reach that height.  Read the previous sentence again, and think about what it means.

Exercise 1:  flood frequency analysis

· Complete the data table by calculating the recurrence intervals (to two decimal places) where they are missing.  You are welcome to use Excel to do the calculations.

· Plot your data on the graph of flood frequency analysis for the Des Moines River.  Notice that this is a semi-log plot.  That is, the horizontal axis is logarithmic.  Do not be alarmed – that just means you have to be a little more careful about where intermediate values will plot.  They are not evenly spaced, as they would be on a “normal” graph.  (We use semi-log plots for flood frequency because then the data fall, more or less, on a smooth curve.  If we plotted the same data without the logarithmic scale, it would be much harder to interpret.)

Exercise 2:  Flooding its banks

· Examine the topographic map of this region, and the associated topographic profile.  At what stage will the river begin to flood?  That is, at what river height will the water overtop its banks?  (This is also referred to as bankfull discharge, or bankfull stage.)  On your topographic profile, mark this elevation with a colored pencil.

· On your flood frequency graph, locate the bankfull stage on the vertical axis.  What is the recurrence interval of that stage, according to the data?  (That is, on average, how often does the river flood?)
· Consider the graph of annual peak flow for the Des Moines River at this gaging station.  Does it show that the river floods its banks every year?  How does this compare with your answer to the previous question?  (By the way, the behavior of the Des Moines River is pretty typical for rivers!)
· Calculate the probability that the river will flood (i.e., overtop its banks) in any given year.  Probability is simply the inverse of the recurrence interval:  % probability = (1 / RI) x 100 %

· Calculate the discharge of the Des Moines River when it is at bankfull stage.  Recall that discharge = velocity times cross-sectional area.  To calculate the cross-sectional area, you’ll need to find out how deep and wide the river is when it’s in flood.  We’ll assume that the river has a triangular shape in cross-section (as most of you did for the Grand Canyon, for example), so the cross-sectional area = ½ depth * width.  Finally, we’ll use the measured bankfull flow velocity, given below.  

Bankfull flow velocity:  3.5 feet/second

Bankfull river depth:  

Bankfull river width, near the dump and drive-in theater:  

Bankfull cross-sectional area:  ½ depth * width = 

Bankfull discharge = 

Exercise 3:  Bigger floods

· What is the recurrence interval for floods above 790 feet?

· Calculate the probability that a flood with a stage height of 790 feet will occur in any given year.

· On your map, using a colored pencil, outline the approximate area that would be flooded during a flood with stage height = 790 feet.  On your topographic profile, with the same colored pencil, draw the elevation of the water level at 790 feet.  

· What are some of the areas that would be inundated in such a flood?  What damage or problems might arise as a result of such flooding?  

Exercise 4:  Even bigger floods

· Examine the annual peak flow graph.  In what year did the largest flood on record for the Des Moines River occur?

Most rivers flood about once every 1 to 2 years, and the Des Moines River is no exception.  Large floods, such as the flood of 1993, are relatively infrequent.  The 1993 flood, as you undoubtedly recall from lecture, affected not only the Des Moines River, but many others within the Mississippi River drainage basin, including the Mississippi, Missouri, Kansas, Illinois, and Wisconsin Rivers.  The 1993 flood was the largest flood disaster in U.S. history.  The Mississippi and Missouri Rivers were above flood stage for 144 days between April and September.  Nearly all or parts of 9 states were under water, including North and South Dakota, Nebraska, Kansas, Missouri, Wisconsin, Minnesota, Illinois, and Iowa.  In Des Moines, Iowa, people lost drinking water for 19 consecutive days during the hot summer months.  In all, 50 people died, 26,000 people were evacuated, and the total economic loss was estimated at between $10-12 billion dollars.  (You can read more about this in your text.)  What are the odds of this happening again, next year?

· Calculate the probability that the maximum flood recorded will occur in any given year.  

Look at your graph of flood frequency analysis.  Note that the point for the largest flood on record (796.8 feet, in 1993) appears to be an outlier: it does not conform well to the trend of the other data points.  This illustrates the difficulty in long-term, large-magnitude flood prediction.  Because small floods occur more frequently, there is more data to evaluate, and flood prediction is better constrained.  However, large floods occur less frequently, so there is less data available about them, so they are more difficult to predict.  Next, I am going to have you draw a best-fit curve through your data on this graph.  (Don’t do it yet!!  Read the rest of this paragraph first!)  In the process, you will have to decide how to treat this apparently anomalous, maximum flood.  Should you include it in your curve?  It did, after all, occur.  Or should you ignore it and follow the general trend of the other, more abundant data?  There are no simple answers to these questions, and you may do as you see fit.  I tell you this so that you will have a better understanding of the challenges faced by researchers who attempt to make such long-term predictions (whether for large-magnitude floods, earthquakes, volcanic eruptions, or other disasters).  

· Draw a smooth, best-fit curve through your flood frequency analysis data, extending it past the last point, until you intersect the 100-year recurrence interval line.  From your extrapolation, what is the estimated stage of a “100-year flood” (i.e., a flood with a recurrence interval of 100 years, and a probability of 1% during any given year)?  

The addition of the number 1 in the calculation of recurrence interval is to account for the fact that there is always the probability, regardless of how small, that a flood will occur that is larger than the largest flood on record.  Such a flood could attain a stage of, for example, 800 feet.  So, let’s assume that a 58- to 100-year flood of the Des Moines River will attain a stage height of 800 feet.  (After all, the 57-year flood attains a stage height of ~797 feet.)  

· On your map, using a different colored pencil than you used previously, outline the approximate area that would be flooded during a flood with a stage height of 800 feet.  On your topographic profile and with the same colored pencil, draw the elevation of the water level at a stage height of 800 feet.  

· Discuss some of the areas that would be flooded, and the damage &/or problems that may arise as a result of a flood with a stage height of 800 feet.

Flood lab key

Exercise 1: see data table and graph

Exercise 2:

The river will begin to flood (overtop its banks) when it reaches a stage of 780 feet.

780 feet has a recurrence interval of about 1.5 years, according to the flood frequency graph.

No, the river does not flood its banks every year.  The annual peak flow for the Des Moines River, as we’d expect, does not always reach 780 feet, but does so fairly often.

In any given year, the probability of flooding is about 1/1.5 x 100% = 67%.

The discharge of the Des Moines River at bankfull stage is approximately 12,250 cfs:

Bankfull flow velocity:  3.5 feet/second

Bankfull river depth:  17.5 feet

Bankfull river width, near the dump and drive-in theater:  400 feet

Bankfull cross-sectional area:  ½ depth * width = 3500 square feet

Bankfull discharge = velocity x area = 12,250 cfs

Exercise 3:  

The recurrence interval for floods above 790 feet is about 10 years [depends on graph: may vary from 7 to 14].

The probability of such a flood occurring in any given year is about 10% [7-14%].

Some of the areas that would be inundated in such a flood are the drive-in theater, the sewage treatment plant, one of the dumps, a trailer park, the oil tanks, a “borrow pit,” and a wide swath of land that looks like it includes a housing development.  It can’t be a good thing for the sewage treatment plant, the dump, and the oil tanks to be flooded.  At the very least, polluted water seems like an inevitable consequence.

Exercise 4:

On the Des Moines River, the largest flood on record occurred in 1993.

With a RI of 57 years, the maximum flood recorded has a probability of 1/57 = 1.75% for any given year.

The estimated stage of a “100-year flood” could be anywhere from 793 feet to 798 feet, depending on the “best-fit” curve.  

Some of the areas that would be flooded would include, of course, anything flooded at 790 feet (see above), plus another dump, the Scott School, the Willard School, Dunlap, Curtis, and McKinley Schools, and a largeish residential area.  

