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Geology 141



Name _________________________

Colby College Geology


Lab Section:     A
    B

LABORATORY EXERCISE 6:

STREAM DISCHARGE, DETERMINING FLOOD RECURRENCE INTERVALS AND EXAMINING HYDROGRAPHS

RESOURCES

· Chapter 9 in Geology and the Environment (4e), Pipkin, Trent and Hazlett (2005)
· Chapter 15 in Geology (4e), Chernicoff and Whitney (2007)
· USGS surface water web page (http://nwis.waterdata.usgs.gov/nwis/sw)
GOALS

1. Use historical streamflow data from USGS web site to calculate stream flood recurrence intervals.  

2. Compare stream hydrographs from streams in different regions of the United States (northeast and southwest).  Identify differences and similarities in the flood hydrographs and infer information about the differing responses of streams to storm events. 
Pre-lab Exercise

Prior to doing the exercise on flood recurrence intervals, please visit the following web-site and do the set of problems on River Discharge at this website:
http://nemo.sciencecourseware.org/VirtualRiver/
Complete the web exercise, print and attach the certificate you produced to this lab to receive full credit for the exercise.  You may find this exercise somewhat challenging, but it will offer some additional insight to the lab exercise you are going to do.  (It will help if you round the answers to the nearest 0.01 in the calculation of sectional discharge.  In conversion of m3 to ft3 use all four decimal places.)

INTRODUCTION

Stream banks have been home to humans since the dawn of civilization on the banks of the Tigris and Euphrates rivers in modern day Iraq.  Streams provide water for consumption and agricultural use and are a means of transportation.  (By the way:  a stream is defined as any flowing body of water confined within a channel; the amount of water flowing in it and size of the channel do not matter.  Therefore, a river is just another name for a large stream).  

Of course, there is an incontrovertible fact associated with life on stream banks:  rivers flood.  Floods play an important (and beneficial) role to human life on the stream banks in contrast to their more publicized risks as natural hazards.  The flat and fertile land bordering rivers is called a floodplain for a reason.  As rivers overflow their natural levees, the floodwaters act as agents of both erosion and deposition:  scouring the floodplains, while also depositing a layer of sediment, including nutrient-rich silt.  The combined actions of erosion and deposition often create a broad floodplain filled with nutrient-rich soils (Figure 1).  For all of these reasons (agricultural, aesthetic, transportation, and resources), the land bordering streams continues to be seen as some of the most desirable to own.  
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Figure 1.  Schematic diagram of a meandering stream showing development of increasing floodplain area through time (Montgomery, 2003).

For those people who use the floodplain for their homes, farms, or businesses, it would be helpful to know when to anticipate a flood and where not to build if they want to avoid a flood.  Although we can’t predict exactly when the next big flood will occur, we can use history to give us insight into the future.  We do this by calculating the flood recurrence interval for a stream.

Stream Discharge
You may have heard of a “100-year flood” (or a “500-year flood”).  What exactly do these terms mean?  Can scientists predict, down to the year, when a flood will occur?  If so, why do floods continue to cause millions of dollars in damage and kill nearby human inhabitants?  Well, the terminology used here is a bit misleading.  A “100-year flood” is actually a “1-in-100-chance flood”:  a 100-year flood is of a size that statistics show has a 1-in-100 (i.e., 1%) chance of occurring in any year.  A 100-year flood, indeed any flow of water in a stream, is characterized by a term called stream discharge.  Stream discharge is often expressed as “Q” and is defined as the volume of water that passes through a cross section of a stream per unit time (Figure 2). 

 







Figure 2.  Stream discharge schematic.

Stream discharge is usually expressed in units of cubic feet per second (cfs) or cubic meters per second (m3 s-1).  Stream discharge is equivalent to the velocity of water flowing through the cross-sectional area of the stream (in Figure 2, area = width x depth).
Flood Recurrence Interval

Many people consider flooding to be a random and unpredictable phenomenon; however, historical records can be analyzed statistically to predict how often floods of a specified size can be expected to occur.  The recurrence interval is a statistical assessment of the average time that passes between floods of a certain magnitude.  That is, on average, a 10-year flood will occur once every 10 years.  In 100 years, there will likely be ten 10-year floods; therefore, there is a 10% chance of having a 10-year flood in any given year (Figure 9.17, Pipkin, Trent and Hazlett, 2005).
Knowing the flood recurrence interval allows engineers to design bridges that can withstand the flooding expected over a specified time interval.  Flood recurrence intervals also allow city planners to make a statistics-based prediction about where they should allow residential buildings and which areas are likely to be too flood-prone to locate a hospital.

Flood recurrence intervals are calculated using historical streamflow data for a given stream.  You will calculate flood recurrence intervals for the Kennebec River and Dry Cimarron Run.  An example of how to calculate the flood recurrence interval is provided in the Laboratory Exercise section below.

Stream Hydrographs

Stream discharge varies over time, of course, in response to changes in precipitation; seasonal melting of snow and ice, changing vegetation cover in the drainage basin, and even changes in topography (such as might occur during tectonic subsidence associated with an earthquake).  Changes in the stream discharge are recorded and plotted as a hydrograph (Figure 3).
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Figure 3.  Hydrograph of Allagash River at Allagash, ME (from www.usgs.gov/nwis/sw).  Smoothed line is median daily streamflow based on 69 years of record.  Note intermittent peaks on daily mean discharge plot; these peaks are caused by events, such as ice melting and summer storm events.

Hydrographs show daily, seasonal, and inter-annual variability in stream discharge, depending on the length of time chosen.  Hydrographs also document a stream’s response to storm events or other short-term changes to stream discharge.  A flood is recorded as a peak on a hydrograph; the height and width of the peak depend on stream geometry and the characteristics of the forcing mechanism (e.g., the strength and duration of the rainfall).  The drainage basin size also affects the hydrograph:  a stream with a small drainage basin will respond quickly to a storm event giving a tall, narrow peak; a stream with a large drainage basin will have a broader, shorter peak (Figure 9.12 in Pipkin, Trent and Hazlett, 2005).

EXAMPLE EXERCISE


Let’s walk through the calculation of stream recurrence interval for the Ramapo River, New Jersey, a site with a long streamflow record.  If I am not in lab to demonstrate, either the teaching assistants will demonstrate or you can go through it prior to doing the lab.  It is probably to your advantage to do this before proceeding to the exercise.
The calculation of a flood recurrence interval begins with assessing that stream’s historical flood record.  To do this, you must obtain the stream’s peak streamflow for each year in the stream gauge record.  The peak streamflow is the highest stream discharge that occurred during a 12-month period.  (This is different from the flood’s daily mean discharge, which is the average river discharge over a 24-hour period.  The peak streamflow will be higher than the highest daily mean streamflow unless stream discharge remained constant for the 24-hour period [not likely, because streamflow changes on a minute-to-minute basis]).


The USGS maintains a surface water resources web page at http://nwis.waterdata.usgs.gov/nwis/sw.  From this site, you can access various streamflow data from stations throughout the United States, by selecting the Peak-flow Data link.  Following this link yields a page with several options for searching for a particular body of water.  Possible search options include:

· site location (state, hydrologic region, and latitude-longitude limits)

· site identifier  (e.g., name, number)

· site attribute (drainage area)

· data attribute (number of observations, period of record)

Click the site name option on this page and then click submit.   On the next webpage type “Ramapo River” in the site name box and go to the bottom of the webpage and click Submit.  This will provide seven stream gauge station options; you want the record that is longest:  the “Ramapo River near Mahwah NJ”.  Click on the site number (01387500) to link to the site database.

Once at the stream gauge database page, you can search for the peak streamflow data by choosing “Surface-water peak streamflow” from the drop-down list in the upper-center of the page (if not already selected).  This will take you to a graphical printout of the peak streamflow data versus time.  Remember:  you need the peak streamflow data to calculate recurrence interval.  By selecting “table” in the Output Formats box, you can obtain these data in tabulated form (Figure 4).  During your exercise below, you’ll these utilize these data formatted as a “tab-separated file”; this file can then be imported into Excel for easier data manipulation and graphing.

Now import the tab-separated file into an Excel spreadsheet by:

· opening the tab-separated file

· save the tab-separated file by going to the menu bar and under File select Save Page As and save the document as a Plain text (.txt) file on the desktop
· Then open Excel and open the *.txt file you just made
· Save the file as a Microsoft Excel Worksheet

Delete unnecessary information from the file (e.g., the leading text that explains the various codes and all unnecessary data columns).  You should have only one column left at this point, the one originally labeled “peak_va”.  Re-title this column as “Peak streamflow (cfs)”.  

Add columns with the following titles:  “Rank, M”, “Recurrence interval, R”, and “log R”.  Add your name and the date at the top of the page.  Your spreadsheet titles should now look like the example in Table 1.

After the data are obtained, rank them from the highest peak streamflow to the lowest peak streamflow (Table 1).  

Figure 4.  

Peak Streamflow for the Nation

USGS 01387500 RAMAPO RIVER NEAR MAHWAH NJ

Bergen County, New Jersey

Hydrologic Unit Code 02030103

Latitude  41°05'53", Longitude  74°09'46" NAD83

Drainage area 120  square miles

Contributing drainage area 120  square miles

Gage datum 253.10 feet above sea level NGVD29

	Water
Year
	Date
	Gage
Height
(feet)
	Stream-
flow
(cfs)

	1904
	Oct. 09, 1903
	11.0
	12,400

	1905
	Oct. 22, 1904
	7.0
	2,300

	1906
	Mar. 04, 1906
	3.95
	2,220

	1907
	Mar. 18, 1907
	7.30
	2,810

	1908
	Oct. 30, 1907
	7.50
	3,250

	1909
	Feb. 20, 1909
	7.60
	3,450

	1910
	Jan. 22, 1910
	8.40
	5,200

	1911
	Aug. 29, 1911
	7.70
	3,650

	1912
	Mar. 13, 1912
	7.60
	3,450

	1913
	Mar. 27, 1913
	7.30
	2,810

	1914
	Oct. 25, 1913
	7.50
	3,250

	1923
	Mar. 17, 1923
	6.47
	1,520

	1924
	Apr. 07, 1924
	7.90
	4,150

	1925
	Feb. 12, 1925
	7.22
	2,410

	1926
	Feb. 26, 1926
	6.40
	1,490

	1927
	Sep. 02, 1927
	8.23
	5,140

	1928
	Nov. 04, 1927
	7.50
	3,100

	1929
	Mar. 06, 1929
	6.47
	1,560

	1930
	Mar. 09, 1930
	6.27
	1,390

	1931
	Mar. 09, 1931
	5.65
	1,040

	1932
	Mar. 28, 1932
	6.30
	1,420

	1933
	Aug. 24, 1933
	8.40
	5,650

	1934
	Mar. 05, 1934
	6.94
	1,930

	1935
	Dec. 01, 1934
	6.18
	1,400

	1936
	Mar. 12, 1936
	9.00
	7,780

	1937
	Dec. 20, 1936
	7.69
	3,450

	1938
	Sep. 22, 1938
	10.40
	6,720

	1939
	Dec. 06, 1938
	8.06
	2,480

	1940
	Mar. 31, 1940
	7.58
	2,030

	1941
	Feb. 08, 1941
	6.99
	1,560

	1942
	Aug. 18, 1942
	7.24
	1,590

	1943
	Dec. 31, 1942
	7.64
	2,090

	1944
	Nov. 09, 1943
	7.48
	1,880

	1945
	Jul. 23, 1945
	9.25
	4,330

	1946
	May 28, 1946
	7.52
	1,920

	1947
	Mar. 15, 1947
	7.65
	2,050

	1948
	Mar. 17, 1948
	7.42
	1,830

	1949
	Dec. 31, 1948
	9.18
	4,200

	1950
	Mar. 23, 1950
	6.54
	1,290

	1951
	Mar. 31, 1951
	10.67
	6,940

	1952
	Mar. 12, 1952
	9.18
	4,150

	1953
	Jan. 25, 1953
	8.07
	2,520

	1954
	Dec. 15, 1953
	6.49
	1,260

	1955
	Aug. 19, 1955
	11.35
	8,580

	1956
	Oct. 16, 1955
	12.53
	10,900

	1957
	Apr. 06, 1957
	7.83
	1,950

	1958
	Dec. 21, 1957
	9.33
	3,800

	1959
	Mar. 06, 1959
	7.43
	1,620

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


	Water
Year
	Date
	Gage
Height
(feet)
	Stream-
flow
(cfs)

	1960
	Aug. 20, 1960
	9.10
	3,450

	1961
	Feb. 26, 1961
	8.87
	3,120

	1962
	Mar. 13, 1962
	8.25
	2,360

	1963
	Nov. 11, 1962
	7.03
	1,370

	1964
	Jan. 26, 1964
	7.05
	1,380

	1965
	Feb. 08, 1965
	7.87
	1,980

	1966
	Feb. 14, 1966
	7.10
	1,360

	1967
	Mar. 12, 1967
	6.71
	1,180

	1968
	May 29, 1968
	11.87
	8,770

	1969
	Mar. 25, 1969
	9.00
	3,000

	1970
	Apr. 02, 1970
	9.25
	3,380

	1971
	Aug. 28, 1971
	10.76
	6,700

	1972
	Jun. 23, 1972
	8.55
	2,630

	1973
	Feb. 03, 1973
	9.77
	4,340

	1974
	Dec. 21, 1973
	10.50
	6,050

	1975
	Sep. 27, 1975
	8.85
	2,940

	1976
	Jan. 28, 1976
	8.65
	2,740

	1977
	Mar. 23, 1977
	9.65
	4,100

	1978
	Nov. 08, 1977
	12.44
	11,800

	1979
	Jan. 25, 1979
	9.90
	4,750

	1980
	Mar. 22, 1980
	10.70
	6,520

	1981
	Feb. 20, 1981
	9.06
	3,270

	1982
	Jan. 05, 1982
	8.40
	2,520

	1983
	Mar. 19, 1983
	9.76
	4,480

	1984
	Apr. 05, 1984
	13.35
	15,500

	1985
	Sep. 28, 1985
	7.68
	1,810

	1986
	Aug. 03, 1986
	8.27
	3,370

	1987
	Apr. 05, 1987
	9.96
	6,410

	1988
	Oct. 28, 1987
	7.06
	1,940

	1989
	May 17, 1989
	9.36
	5,230

	1990
	Oct. 21, 1989
	8.67
	4,060

	1991
	Dec. 04, 1990
	7.55
	2,570

	1992
	Mar. 27, 1992
	6.97
	1,850

	1993
	Mar. 29, 1993
	7.66
	2,580

	1994
	Nov. 28, 1993
	7.79
	2,740

	1995
	Jan. 21, 1995
	6.89
	1,790

	1996
	Nov. 12, 1995
	8.88
	4,330

	1997
	Oct. 20, 1996
	8.59
	3,300

	1998
	May 11, 1998
	8.01
	3,340

	1999
	Sep. 16, 1999
	12.52
	13,800

	2000
	Jun. 07, 2000
	6.71
	1,860

	2001
	Dec. 18, 2000
	7.64
	2,560

	2002
	May 14, 2002
	5.86
	1,100

	2003
	Mar. 22, 2003
	7.64
	2,560

	2004
	Dec. 11, 2003
	8.80
	4,200

	2005
	Apr. 03, 2005
	9.87
	6,220

	2006
	Oct. 13, 2005
	9.85
	6,170

	2007
	Apr. 16, 2007
	10.99
	8,870


Sort and rank these data, as follows:

1) Sort the peak streamflow data using the sort function in Excel, as follows

· Select the column with the data to be sorted (i.e., “click” on the peak streamflow column)

· In the top toolbar, select Data, then Sort.  If you get a Sort Warning message, select, “Continue with the current selection” and click “Sort….” 
· Verify the column listed is the peak streamflow data column and select “Descending” to sort the data from high to low

2) After the column is sorted, rank the data from 1 to n, with 1 being the highest peak streamflow and n being the lowest peak stream flow (n = number of records; in this example n = 96)

For these data, the value of rank (abbreviated as “M”) ranges from 1 (highest peak streamflow) to 96 (lowest peak streamflow).  Note that the dates and gauge height don’t matter when ranking the peak streamflow.

Once the data are ranked, determine the recurrence interval (abbreviated as “R”) by the following equation:

R = (N+1)/M

(1)

where

R ( recurrence interval

N ( number of years in the record (in this case, 96)

M ( rank of record (i.e., 1 to 96)

The recurrence interval of the third record in Table 1 (i.e., R3) is calculated as follows

R3 = (N + 1)/M3
R3 = (96 + 1)/3

R3 = (97)/3

R3 = 97/3

R3 = 97/3 = 32.33
A recurrence interval of 32.33 means that a flood equal to or greater than this magnitude (12,400 cfs; see Table 1) can be expected (statistically) to occur every 32 years.  That is, the chance of a flood of this magnitude (or greater) occurring in any year is 1 in 32 (1/32 = .031 = 3.1%).  This should make sense because in the 96-year record, three events of this size or larger occurred in the Ramapo River.
Table 1.  Ranked peak streamflow for the Ramapo River, NJ

	Peak Streamflow (cfs)
	Rank (M)
	Recurrence Interval (R)
	log R

	15500
	1
	
	

	13800
	2
	
	

	12400
	3
	
	

	11800
	4
	
	

	10900
	5
	
	

	8870
	6
	
	

	8770
	7
	
	

	8580
	8
	
	

	7780
	9
	
	

	6940
	10
	
	

	6720
	11
	
	

	6700
	12
	
	

	6520
	13
	
	

	6410
	14
	
	

	6220
	15
	
	

	6170
	16
	
	

	6050
	17
	
	

	5650
	18
	
	

	5230
	19
	
	

	5200
	20
	
	

	5140
	21
	
	

	4750
	22
	
	

	4480
	23
	
	

	4340
	24
	
	

	4330
	25
	
	

	4330
	26
	
	

	4200
	27
	
	

	4200
	28
	
	

	4150
	29
	
	

	4150
	30
	
	

	4100
	31
	
	

	4060
	32
	
	

	3800
	33
	
	

	3650
	34
	
	

	3450
	35
	
	

	3450
	36
	
	

	3450
	37
	
	

	3450
	38
	
	

	3380
	39
	
	

	3370
	40
	
	

	3340
	41
	
	

	3300
	42
	
	

	3270
	43
	
	

	3250
	44
	
	

	3250
	45
	
	

	3120
	46
	
	

	3100
	47
	
	

	3000
	48
	
	

	2940
	49
	
	

	2810
	50
	
	

	2810
	51
	
	

	2740
	52
	
	

	2740
	53
	
	

	2630
	54
	
	

	2580
	55
	
	

	2570
	56
	
	

	2560
	57
	
	

	2560
	58
	
	

	2520
	59
	
	

	2520
	60
	
	

	2480
	61
	
	

	2410
	62
	
	

	2360
	63
	
	

	2300
	64
	
	

	2220
	65
	
	

	2090
	66
	
	

	2050
	67
	
	

	2030
	68
	
	

	1980
	69
	
	

	1950
	70
	
	

	1940
	71
	
	

	1930
	72
	
	

	1920
	73
	
	

	1880
	74
	
	

	1860
	75
	
	

	1850
	76
	
	

	1830
	77
	
	

	1810
	78
	
	

	1790
	79
	
	

	1620
	80
	
	

	1590
	81
	
	

	1560
	82
	
	

	1560
	83
	
	

	1520
	84
	
	

	1490
	85
	
	

	1420
	86
	
	

	1400
	87
	
	

	1390
	88
	
	

	1380
	89
	
	

	1370
	90
	
	

	1360
	91
	
	

	1290
	92
	
	

	1260
	93
	
	

	1180
	94
	
	

	1100
	95
	
	

	1040
	96
	
	


Use the Excel spreadsheet to calculate the recurrence interval, as follows:

Use the following table as a model for setting up the calculations

	
	A
	B
	C
	D

	1
	Bruce Rueger, 15 July, 2008  
	

	2
	Peak streamflow (cfs)
	Rank, M
	Recurrence Interval, R
	Log R

	3
	15500
	1
	
	

	4
	13800
	2
	
	

	5
	12400
	3
	
	


1) In the column to the right of the peak streamflow and rank columns, set up an equation to calculate the recurrence interval using equation 1.  In this case, N = 96, so “N + 1”, the numerator in the equation, is 96 + 1 = 97.

	
	A
	B
	C
	D

	1
	Bruce Rueger, 15 July, 2008  
	

	2
	Peak streamflow (cfs)
	Rank, M
	Recurrence Interval, R
	Log R

	3
	15500
	1
	=97/B3
	

	4
	13800
	2
	
	

	5
	12400
	3
	
	


2) This will yield a value of 97 in cell C3.  Now fill in the remainder of the Recurrence Interval column by using the fill-down function.

· Click on the cell that contains the starting equation; in the example above, this is cell C3.

· When selected, this cell will have a mark called a “fill handle” in the bottom right corner of the cell (it’s just a small box in the lower right corner of the selected cell).

· Use the mouse to right-click the fill handle (i.e., press and hold the right mouse button, while the cursor arrow is over the fill handle).  WHILE HOLDING DOWN THE RIGHT MOUSE BUTTON, “drag” the cursor to the bottom of the column.  In the example above, the end of the column is cell C5.  When at the end of the column, release the mouse button.  This will fill the rest of the column with the equation in cell C3.

	
	A
	B
	C
	D

	1
	Bruce Rueger, 15 July, 2008  
	

	2
	Peak streamflow (cfs)
	Rank, M
	Recurrence Interval, R
	Log R

	3
	15500
	1
	97.00
	

	4
	13800
	2
	=97/B4
	

	5
	12400
	3
	=97/B5
	


Immediately after you release the mouse button, the spreadsheet will calculate all of the values for the filled cells and the table will look like this:

	
	A
	B
	C
	D

	1
	Bruce Rueger, 15 July, 2008  
	

	2
	Peak streamflow (cfs)
	Rank, M
	Recurrence Interval, R
	Log R

	3
	15500
	1
	97.00
	

	4
	13800
	2
	48.50
	

	5
	12400
	3
	32.33
	


Once the recurrence interval is calculated for each record, perform a log transformation of each R-value:  take the log (base 10) of each R-value.  (Remember that log 10 = 1, log 1000 = 3, etc.  Also remember that 10 log x = x.)  

Use the Excel spreadsheet to calculate the log of the recurrence interval (log R), as follows:

Repeat the steps described above to calculate the recurrence interval, but use the LOG10 function in the equation in column D instead of =97/B3 in column C.  

1) Set up the equation in the first cell in the last column:

	
	A
	B
	C
	D

	1
	Bruce Rueger, 15 July, 2008  
	

	2
	Peak streamflow (cfs)
	Rank, M
	Recurrence Interval, R
	Log R

	3
	15500
	1
	97.00
	= LOG10(C3)

	4
	13800
	2
	48.50
	

	5
	12400
	3
	32.33
	


2) Fill-down the equation to the end of the column

	
	A
	B
	C
	D

	1
	Bruce Rueger, 15 July, 2008  
	

	2
	Peak streamflow (cfs)
	Rank, M
	Recurrence Interval, R
	Log R

	3
	15500
	1
	97.00
	1.99

	4
	13800
	2
	48.50
	= LOG10(C4)

	5
	12400
	3
	32.33
	= LOG10(C5)


Table should now look like below and completed in Table 2:

	
	A
	B
	C
	D

	1
	Bruce Rueger, 15 July, 2008  
	

	2
	Peak streamflow (cfs)
	Rank, M
	Recurrence Interval, R
	Log R

	3
	15500
	1
	97.00
	1.99

	4
	13800
	2
	48.50
	1.69

	5
	12400
	3
	32.33
	1.51


Table 2.  Ranked peak streamflow, showing recurrence interval (R) and log R-values.

	Peak Streamflow (cfs)
	Rank (M)
	Recurrence Interval (R)
	log R

	15500
	1
	97.00
	1.99

	13800
	2
	48.50
	1.69

	12400
	3
	32.33
	1.51

	11800
	4
	24.25
	1.38

	10900
	5
	19.40
	1.29

	8870
	6
	16.17
	1.21

	8770
	7
	13.86
	1.14

	8580
	8
	12.13
	1.08

	7780
	9
	10.78
	1.03

	6940
	10
	9.70
	0.99

	6720
	11
	8.82
	0.95

	6700
	12
	8.08
	0.91

	6520
	13
	7.46
	0.87

	6410
	14
	6.93
	0.84

	6220
	15
	6.47
	0.81

	6170
	16
	6.06
	0.78

	6050
	17
	5.71
	0.76

	5650
	18
	5.39
	0.73

	5230
	19
	5.11
	0.71

	5200
	20
	4.85
	0.69

	5140
	21
	4.62
	0.66

	4750
	22
	4.41
	0.64

	4480
	23
	4.22
	0.63

	4340
	24
	4.04
	0.61

	4330
	25
	3.88
	0.59

	4330
	26
	3.73
	0.57

	4200
	27
	3.59
	0.56

	4200
	28
	3.46
	0.54

	4150
	29
	3.34
	0.52

	4150
	30
	3.23
	0.51

	4100
	31
	3.13
	0.50

	4060
	32
	3.03
	0.48

	3800
	33
	2.94
	0.47

	3650
	34
	2.85
	0.46

	3450
	35
	2.77
	0.44

	3450
	36
	2.69
	0.43

	3450
	37
	2.62
	0.42

	3450
	38
	2.55
	0.41

	3380
	39
	2.49
	0.40

	3370
	40
	2.43
	0.38

	3340
	41
	2.37
	0.37

	3300
	42
	2.31
	0.36

	3270
	43
	2.26
	0.35

	3250
	44
	2.20
	0.34

	3250
	45
	2.16
	0.33

	3120
	46
	2.11
	0.32

	3100
	47
	2.06
	0.31

	3000
	48
	2.02
	0.31

	2940
	49
	1.98
	0.30

	2810
	50
	1.94
	0.29

	2810
	51
	1.90
	0.28

	2740
	52
	1.87
	0.27

	2740
	53
	1.83
	0.26

	2630
	54
	1.80
	0.25

	2580
	55
	1.76
	0.25

	2570
	56
	1.73
	0.24

	2560
	57
	1.70
	0.23

	2560
	58
	1.67
	0.22

	2520
	59
	1.64
	0.22

	2520
	60
	1.62
	0.21

	2480
	61
	1.59
	0.20

	2410
	62
	1.56
	0.19

	2360
	63
	1.54
	0.19

	2300
	64
	1.52
	0.18

	2220
	65
	1.49
	0.17

	2090
	66
	1.47
	0.17

	2050
	67
	1.45
	0.16

	2030
	68
	1.43
	0.15

	1980
	69
	1.41
	0.15

	1950
	70
	1.39
	0.14

	1940
	71
	1.37
	0.14

	1930
	72
	1.35
	0.13

	1920
	73
	1.33
	0.12

	1880
	74
	1.31
	0.12

	1860
	75
	1.29
	0.11

	1850
	76
	1.28
	0.11

	1830
	77
	1.26
	0.10

	1810
	78
	1.24
	0.09

	1790
	79
	1.23
	0.09

	1620
	80
	1.21
	0.08

	1590
	81
	1.20
	0.08

	1560
	82
	1.18
	0.07

	1560
	83
	1.17
	0.07

	1520
	84
	1.15
	0.06

	1490
	85
	1.14
	0.06

	1420
	86
	1.13
	0.05

	1400
	87
	1.11
	0.05

	1390
	88
	1.10
	0.04

	1380
	89
	1.09
	0.04

	1370
	90
	1.08
	0.03

	1360
	91
	1.07
	0.03

	1290
	92
	1.05
	0.02

	1260
	93
	1.04
	0.02

	1180
	94
	1.03
	0.01

	1100
	95
	1.02
	0.01

	1040
	96
	1.01
	0.00


Now plot the log-transformed recurrence intervals (log R) against peak streamflow to obtain a peak streamflow recurrence plot (Figure 5).  After plotting the data, calculate a linear regression line for the plot.  This can be done manually or using Excel.

Use Excel to plot log R vs. Peak Streamflow and determine the linear regression equation, as follows:

1) On your excel table, highlight the columns for Peak Streamflow and logR.

2) Access Chart Wizard by clicking Insert from top menu and Chart within the Insert drop-down menu or click on the Chart Wizard icon.

3) Select “XY (scatter)” for Chart Type, then click Next.

Use the following table as an example of how to construct the log R vs. Peak Streamflow plot.  Note that the table is the same as was used in the example above.

3) Access “Series” screen.  There may be several default plots listed; select “Remove” to delete all series/plots except log R.  Construct the plot to be an x-y comparison of log R vs. peak streamflow:




Figure 5.  log R vs. Peak Streamflow example
4) Define the x-value and y-value boxes to be the log R and peak streamflow columns. In the example above, the x-value would read “=peak1!$A$2:$A$95”; the y-value would read “=peak1!$D$2:$D$95”.  For the graph to come out correctly it is necessary to switch the values for A and D so that they come out on the right axes.  Click Next.

5) Define the axis titles as follows:  x- “log R”; y-“Peak streamflow (cfs)”.  You can also add a title.  Mine reads “Ramapo River” as that is the river I analyzed.  An example is shown in Figure 5, above.  Click Next.

6) Insert chart as new figure.  Click Finish.

7) To add regression line, select Chart in top menu bar and select Add Trendline.  Select a trendline type that is linear and, in the options, select the options to display the equation and the R-squared values.  Click OK.
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Figure 6.  Ramapo River peak streamflow recurrence plot with linear regression.  The 10-year flood is indicated by y-value at x = 1; the 100-year flood is indicated by y-value at x = 2.

With the regression line equation (y = 6980.9x + 853.14), you can predict the peak streamflow at any recurrence interval.  For example, the 10-year flood can be calculated by substituting the x-value (i.e., the log R-value; equal to 1, in this case) into the equation: 

10-year peak streamflow = (6980.9 x 1) + 853.14 = 7834.04 cfs
For less common recurrence intervals (i.e., those whose log value isn’t 0, 1, 2, etc.), you can take the log of the interval and plug that log value into the regression equation.  For example, to determine the 23-year flood, first take the log of 23:  log 23 = 1.36.  Now plug that value into the regression equation:  23-year flood = (6980.9 x 1.36) + 853.14 =  = 10,347.16 cfs. 

The recurrence interval plot also allows you to determine graphically the peak streamflow for a chosen recurrence interval:

· The 1-year flood streamflow is the y-value where x = 0 (because log 1 = 0)

· The 10-year flood streamflow is the y-value where x = 1 (because log 10 = 1)

· The 100-year flood streamflow is the y-value where x = 2 (because log 100 = 2)

LABORATORY EXERCISES
A.  Determine the flood recurrence interval for the Kennebec River, near Bingham, ME.

Using the example above as a model, access the USGS surface water website (http://nwis.waterdata.usgs.gov/nwis/sw) to calculate the flood recurrence interval for the Kennebec River, near Bingham ME, using the following steps:

1) Access the Kennebec River database in the USGS website.  The instructions for searching for a stream gauge station are give in the example above.  In this case, you want to search USGS database for “Kennebec” and then select the site at Bingham, ME.

What is the drainage area of this gauging station?  





What is the period-of-record for the station?


Start date  








End date  







2) Use the drop-down menu on the station website to access the peak streamflow data.  Examine the graph and table results of the peak streamflow data to identify the flood of record for the Kennebec River at Bingham, ME.  The flood of record is the largest peak streamflow in the record.  HINT:  you can determine the approximate date of the flood of record by looking for the highest point on the graphical results, but will need to switch over to the table format to find the actual date and peak streamflow.

What was the date of the flood of record?  






What was the peak streamflow for the flood of record?  




3) Now import the tab-separated file into an Excel spreadsheet by:

· opening the tab-separated file

· saving the tab-separated file as a .txt file (selecting File, then Save as)

· opening the *.txt file with Excel

· saving the file as a Microsoft Excel Worksheet

Delete unnecessary information from the file (e.g., the leading text that explains the various codes, and all unnecessary data columns).  Re-title the streamflow column as “Peak streamflow (cfs)”.  

Add columns with the following titles:  “Rank, M”, “Recurrence interval, R”, and “log R”.  Add your name and the date at the top of the page.  Your spreadsheet titles should now look the example above.

4) Using the Excel spreadsheet, rank the peak streamflow data from highest to lowest values in the “Rank, M” column that runs from 1 (highest) to n (lowest).  Remember you don’t need the event dates or any other data.

What are the highest and lowest discharges for this site?

 
Highest streamflow  






Lowest streamflow  





What is the rank of the lowest streamflow (i.e., n)?  




5) In the Excel spreadsheet, calculate the recurrence interval for each record (i.e., for each peak streamflow) using equation 1, above.  These results should be in the column titled “Recurrence interval, R”.  REMEMBER:  using the copy and paste or “fill-down” functions in Excel will allow you to quickly calculate the recurrence intervals for all data.

Once the recurrence interval has been calculated, calculate the log of the recurrence interval in the “log R” column.  Use the Excel command “LOG10{value}” to calculate a logarithm with a base 10.

6) Create a chart plotting peak streamflow against the log of the recurrence interval (log R).  Click on Insert-Chart and follow the chart wizard from there.  The axis titles of your chart should be:  

x-axis (horizontal axis) - “log R”




y-axis (vertical axis)- “Peak Streamflow (cfs)”

Once the plot is created, add a regression trendline.  To do this, select the chart menu, and select Add Trendline.  Select a trendline type that is linear and, in the options, select the options to display the equation and the R-squared values.  This regression equation will give you the ability to calculate the peak streamflow of any interval (as shown on page 16).

Write your regression equation here:  







Print out your spreadsheet and peak streamflow plot for these data.  Use as little paper as possible, while keeping the results legible:  you should have only two (2) spreadsheet pages and one (1) chart.  
B.  Compare hydrographs for Dry Cimarron Run near Guy, NM, and Kennebec River at Bingham, ME

1) Fill the table below using the data available in the USGS surface water website.  You obtained most of the Kennebec River data in exercise A, above.  You will need to get the daily streamflow data for the flood-of-record date.  You can find the database for the Dry Cimarron Run (search for Dry Cimarron R) near Guy, NM, the same way that you initially found the Kennebec River, Near Binhgam, ME.

	Stream gauge station
	Dry Cimarron Run near Guy, NM
	Kennebec River at 

Bingham, ME

	Drainage area (mi2)
	
	

	Period of record (dates)
	
	

	Peak streamflow date
	
	

	Peak streamflow (cfs)
	
	

	Daily mean streamflow on peak streamflow date (cfs)*
	
	

	Peak streamflow/daily mean streamflow ratio**
	
	


*To find the daily mean Streamflow on peak streamflow date (cfs), you will need to visit another page on the USGS page.  To get there, go up to the dropdown menu on the USGS page and click on it.  Select Time Series: Daily Statistics.  Select the check off box for discharge, then submit.  Then you can find the mean of daily mean values for the date of the peak streamflow.
**To find the streamflow/daily mean streamflow ratio, divide the peak streamflow by the daily mean streamflow on peak streamflow day from data in the table above. 

2) Print out a flood profile for the 20 days preceding and following each flood-of-record.  This can be accomplished by selecting “Surface-water:  daily streamflow” from the drop-down menu on the stream gauge website, entering the start and end dates (peak streamflow ± 20 days), and choosing the graph output format.  You can also find this on the computer as a powerpoint document so you don’t have to make or print it out (if it is easier to read, you can print it out).
3) What are possible causes for each of the floods?  Briefly support your proposed flood mechanism in the space below.  Consider the flood dates, the flood profile, and the geographic setting of each flood when answering the question.  If it will help your analysis, you can find a map of the stream gauge station location on each the gauge web site.

Proposed cause, and supporting discussion, of Kennebec River flood:  














Proposed cause, and supporting discussion, of Dry Cimarron Run flood:  
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velocity = m s-1





discharge = velocity * area 


    = velocity * (width * depth)


    = m/s * (m * m) = m3/s
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