Due Date________________ Class __________ Name __________________________ 
STREAM FLOODING EXERCISE

This exercise will introduce you to the techniques that geologists use to predict stream floods.  You will construct a flood-frequency curve from stream discharge data supplied in the table on the back of this worksheet.  You will rank the discharges, calculate the recurrence interval for each flood, and plot the recurrence intervals against the discharges.  Then, you will be able to answer questions about the predicted discharges for large floods and their expected frequency of occurrence.
It is normal for streams to flood. Damage caused by stream flooding is the result of the construction of buildings on the flood plain of a stream.  Losses due to stream flooding amount to several billion dollars annually in the United States; the damage caused by the single Mississippi and Missouri River flood of 1993 amounted to a loss of 10-12 billion dollars. Such damage and monetary loss can be prevented if structures are constructed outside the flood plain, or if dikes, artificial levees, retention ponds, and other drainage-control modifications are built to control flooding. Either solution requires that planners know the expected frequency and amount of stream flooding, that is, that planners are able to predict the recurrence interval and discharge of stream floods. If this information is known, then geographic restrictions can be placed on construction inside flood plains, or flood-control structures can be built to the proper height to protect property already existing inside flood plains. A stream's flood discharge is simply the amount of water, measured in cubic feet per second (cfs), that passes a point on the stream during a flood; this amount is far greater than the normal stream discharge. A stream's flood frequency is given by the stream's flood recurrence interval, which is defined as the average interval of time, in years, within which a flood of given discharge will occur.

For example, a flood having a recurrence interval of 10 years is one that has a 10% chance of occurring in any year, that is, a flood having an RI of 10 years will have a certain discharge and will occur on average about once every ten years when records are kept over centuries. A flood of this discharge is called a 10-year flood, and is usually caused by rains that occur, on average, every ten years (a 10-year rainfall). A flood having a recurrence interval of 100 years has a 1% chance of occurring in any year; a flood of this magnitude is called a 100-year flood, and would occur, on average when measured over many centuries, about once every 100 years. It is important to calculate the predicted discharge of a 100-year flood for any stream on whose floodplain structures will be built, since this number is usually used by planners as a reasonable limit for flood plain management and insurance coverage. The reasoning is as follows: It is reasonable and prudent to allow construction in areas that will only be flooded, on average, about once every 100 years; another way to state this is the following: There is only a 1% chance that structures will be damaged or destroyed if constructed on a 100-year floodplain, and this chance is a reasonable and prudent level of risk that is acceptable to governments and insurance companies. Of course, it would be even better to place structures outside of even the 100-year floodplain.

Computations of flood frequency (recurrence interval) can be made in a systematic manner if records of the annual peak floods of a stream have been kept. Since a flood can vary greatly at different points along a stream as the flood moves downstream, "annual peak flood" refers to the peak discharge for each year at a recording station, and a major stream would have several recording stations. In our problem, we will consider only a single recording station over a period of eleven years. The recurrence interval R for a flood of a given discharge is calculated by the following equation:













in which m is the rank of the annual stream discharge and N is the number of years of record.  In our problem, N = 11. On the following page, you will find a table with the data of annual peak discharges for ten years. Determine the rank of each (rank 1 is the largest flood, rank 11 is the smallest) and enter that into the table. Next, using a calculator, determine the recurrence interval for each flood and enter that figure into the table. Next, plot each flood as a point on the graph provided below the table; note that the recurrence interval axis is a logarithmic scale, not a linear scale. Then, by hand, draw in a best-fit smooth curve that you estimate best represents (passes through) the points and extend it to 100 years; this curve is the flood-frequency curve. Please note that your curve does NOT connect the points and will NOT be a straight line, but will curve slightly. Finally, using the flood-frequency curve you constructed, answer questions 1 to 4 on the back.

Year

  Discharge (cfs)
          Rank
     Recurrence Interval (years)
1980


  800


_____

__________

1981


1080


_____

__________

1982


  692


_____

__________

1983


1380


_____

__________

1984


1280


_____

__________

1985


  889


_____

__________

1986


2030


_____

__________

1987


  890


_____

__________

1988


1480


_____

__________

1989


1600


_____

__________

1990


1330


_____

__________
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1.  What would be the discharge during a 20-year flood?

2.  What would be the discharge during a 100-year flood?

3.  What is the recurrence interval for a flood with a discharge of 1800 cfs?

4.  What is the recurrence interval for a flood with a discharge of 2500 cfs?
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