GEOG 221 – Landforms and Soils Laboratory Exercise 12

Stream Hydrology and Morphology


Created by:
Mark W. Bowen
Department of Geography and Urban Planning
University of Wisconsin Oshkosh
Oshkosh, WI 54901 
Phone: 920-424-7114 
E-mail: bowenm@uwosh.edu

Purpose:
The purpose of this lab is for you to gain experience working with stream hydrographs, survey data, and discharge data.

Essential Learning Outcomes:
[bookmark: _GoBack]Graph discharge data and interpret a stream hydrograph
Plot regression line
Calculate recurrence interval
Plot and interpret stream survey data
Calculate stream cross-sectional area, discharge, and gradient

Equipment required:
Ruler and calculator

Instructors Notes: 
This is a fairly complicated lab in which students typically have difficulty completed without considerable guidance from the instructor. I get them started with each section using a document camera and projector to demonstrate how to create the graphs. They then work in groups of four to complete each section. I walk around the room and make sure each group is correctly completing each step. After a set time (typically 10 – 15 minutes per section), one student from each group demonstrates to the class using the document camera how to complete a step from that section. We repeat this cycle for each of the four sections. 

Background:
Fluvial geomorphology is the study of how rivers shape the landscape. To understand how rivers change over time, scientists conduct a variety of repeat measurements for a particular reach of a stream or river. Two common variables include cross-sectional profiles and longitudinal profiles. Both variables are typically measured in the field with the use of a level and survey rod.

A cross-sectional profile provides a view of the channel and floodplain perpendicular to the direction of flow at a particular point along the stream. A cross-sectional profile allows you to calculate a suite of channel morphometry variables, such as maximum depth, average depth, width, width:depth ratio, wetted perimeter (portion of the channel covered by water), and hydraulic radius (cross-sectional area / wetted perimeter). A stream’s cross-sectional profile changes as you progress from upstream to downstream. Channels typically become wider and deeper, resulting in greater cross-sectional area, wetted perimeter, and hydraulic radius, as you progress downstream.

A longitudinal profile provides a view of the channel bed, typically the deepest point within a channel (called the thalweg), between two points. A longitudinal profile can be used to calculate the gradient of the channel. Channel gradient typically decreases as you move downstream. A longitudinal profile also allows you to analyze riffles and pools. Riffles are steeper zones with shallow water. Riffles are sometimes referred to as rapids. The top of a riffle is identifiable as a peak on a longitudinal profile. Pools are deeper areas of gentle slope with calm water. Pools are identifiable as troughs within the longitudinal profile. Analyses include riffle length and gradient, pool length and depth, and riffle-pool spacing. As you progress downstream, riffles typically become longer and less steep, while pools become longer and deeper, and riffle-pool spacing increases.

A hydrograph is a line graph that depicts discharge of water over time for a cross-section within a stream. Storm hydrographs show change in discharge following a storm event. A storm hydrograph will typically have one X-axis for time and two Y-axes – with discharge on one side of the graph and precipitation on the other side. Time typically extends from several hours before a storm event to several hours beyond the point at which the river returns to baseflow conditions. Discharge and precipitation are usually determined remotely using automatic gaging stations. The U.S. Geological Survey maintains a network of stream gages to monitor discharge, while the National Weather Service maintains meteorological stations throughout the U.S. The shape of a hydrograph is influenced by a variety of controlling factors, see Table 1. 

Table 1. Factors influencing stream discharge (Q) (“+” = increases, “-” = decreases)
	
Factor
	Peak Q
	Lag time
	Base flow
	Flood frequency
	
Because

	As watershed size increases
	+
	+
	+
	-
	larger watersheds receive more rain, but runoff has farther to travel so the soils can absorb more water

	A more circular watershed has 
	+
	-
	-
	+
	runoff does not have as far to travel so soils cannot absorb as much water

	As drainage density increases
	+
	-
	-
	+
	there are more stream channels to more quickly convey water

	As relief increases
	+
	-
	-
	+
	steeper slopes generate more runoff and less water infiltrates the soil

	As precipitation intensity increases
	+
	-
	-
	+
	rain falls faster than it can infiltrate and more runoff is generated

	As antecedent conditions are wetter
	+
	-
	+
	+
	wet ground absorbs less water and generates more runoff

	As soils become sandier
	-
	+
	-
	-
	more water infiltrates the soil, but the soils cannot store the water

	As soils become more clayey
	+
	-
	-
	+
	less water infiltrates the soil and more water runs off

	As a watershed becomes more forested
	-
	+
	+
	-
	trees intercept the water, increasing infiltration and decreasing runoff

	As vegetation density increases
	-
	+
	+
	-
	because vegetation slows runoff, increasing infiltration

	As urbanization increases
	+
	-
	-
	+
	impervious surfaces prevent infiltration and increase runoff


Exercises:

Part 1. Hydrographs

Using the graph paper below, plot two hydrographs on one graph using the data in Table 2. Precipitation and Discharge Data for Two Stream Gaging Stations.

Appropriately label the axes. The X-axis should span the entire timeframe. The Y-axes should range from 0 to slightly greater than the maximum values (e.g., if maximum discharge is 1,382 cfs, the Y-axis range should be 0 – 1,400 cfs). Plot discharge on the Y-axis on the left side of the graph; plot precipitation on the Y-axis on the right side of the graph.

Plot discharge data for each given time and connect each point with a straight line. Plot precipitation as a bar graph for each time interval that precipitation is recorded. The bar for each precipitation value should be centered on the appropriate time interval. See Figure 1. Hypothetical Storm Hydrograph for Two Stream Gaging Stations for an example of how your hydrograph should look.


[image: ]
Figure 1. Hypothetical Storm Hydrograph for Two Stream Gaging Stations




Using the hydrograph you created, calculate the lag time following the precipitation event for both stations. Calculate lag time as the time difference from the start of the precipitation event to the peak discharge. 

1. What is the lag time for Station A?





2. What is the lag time for Station B?





3. What is the peak discharge for Station A? 





4. What is the peak discharge for Station B? 





5. How do the receding limbs on the hydrographs for the two stations compare? 





6. Assuming watershed size is equal, which station likely has a more urban watershed? How can you tell?








Table 2. Precipitation and Discharge Data for Two Stream Gaging Stations.
Station A                    Station B
	Time
	Precip. (In)
	Discharge (ft3/sec)
	Precip. (In)
	Discharge (ft3/sec)

	Noon
	 
	1298
	 
	765

	3:00 PM
	 
	1291
	 
	768

	6:00 PM
	 
	1287
	 
	756

	9:00 PM
	 
	1293
	 
	791

	Midnight
	 
	1297
	 
	772

	3:00 AM
	 
	1299
	 
	758

	6:00 AM
	 
	1295
	 
	764

	9:00 AM
	 
	1297
	 
	782

	Noon
	0.5
	1376
	0.5
	2845

	3:00 PM
	0.6
	1456
	0.6
	3988

	6:00 PM
	1.1
	2245
	1.1
	5882

	9:00 PM
	0.8
	2578
	0.8
	6667

	Midnight
	0.6
	2897
	0.6
	5058

	3:00 AM
	 
	3218
	 
	3982

	6:00 AM
	 
	3456
	 
	2791

	9:00 AM
	 
	3877
	 
	2362

	Noon
	 
	4168
	 
	2023

	3:00 PM
	 
	3935
	 
	1676

	6:00 PM
	 
	3812
	 
	1348

	9:00 PM
	 
	3634
	 
	1201

	Midnight
	 
	3502
	 
	1032

	3:00 AM
	 
	3371
	 
	967

	6:00 AM
	 
	3013
	 
	903

	9:00 AM
	 
	2878
	 
	854

	Noon
	 
	2615
	 
	827

	3:00 PM
	 
	2467
	 
	792

	6:00 PM
	 
	2271
	 
	788

	9:00 PM
	 
	2119
	 
	781

	Midnight
	 
	2032
	 
	783

	3:00 AM
	 
	1964
	 
	789

	6:00 AM
	 
	1849
	 
	782

	9:00 AM
	 
	1792
	 
	778

	Noon
	 
	1706
	 
	780


[bookmark: _Toc382162865]


Part 2. Flood Frequency and Recurrence Intervals
Flood frequency can be determined from peak discharge data provided enough years of information is available. This allows you to estimate recurrence interval for a given discharge or the probability that a flood of a given discharge will occur in any given year.

In Table 3 below, fill in the Rank column.  Enter 1 for the maximum discharge, 2 for the second highest discharge, 3 for the third highest discharge, etc., through 25 for the lowest discharge.

Calculate the recurrence interval, R, for each peak discharge using the equation: R = (n+1)/m, where n = number of years of record and m = rank

Table 3. Annual Peak Discharge of the Wisconsin River at Muscoda, WI, 1988 – 2012.
	Year
	Gage Height (ft)
	Discharge (cfs)
	Rank, m
	Recurrence Interval, R

	1988
	3.5
	13,200
	 
	 

	1989
	5.7
	24,200
	 
	 

	1990
	8.7
	42,600
	 
	 

	1991
	7.6
	36,600
	 
	 

	1992
	7.5
	33,500
	 
	 

	1993
	10.3
	59,600
	 
	 

	1994
	6.9
	31,200
	 
	 

	1995
	5.9
	24,700
	 
	 

	1996
	8.7
	44,800
	 
	 

	1997
	7.9
	39,700
	 
	 

	1998
	7.9
	39,200
	 
	 

	1999
	5.5
	22,600
	 
	 

	2000
	6.6
	28,600
	 
	 

	2001
	8.3
	44,400
	 
	 

	2002
	7.9
	41,600
	 
	 

	2003
	8.2
	42,100
	 
	 

	2004
	8.2
	41,300
	 
	 

	2005
	5.0
	21,500
	 
	 

	2006
	3.2
	12,600
	 
	 

	2007
	3.2
	12,600
	 
	 

	2008
	8.6
	44,300
	 
	 

	2009
	4.9
	20,700
	 
	 

	2010
	9.6
	57,000
	 
	 

	2011
	9.1
	52,000
	 
	 

	2012
	5.1
	22,500
	 
	 




7. What is the annual peak discharge with a recurrence interval of approximately one year?


8. Approximately how often does a discharge greater than 40,000 cfs occur? 





Using the semi-log graph paper, plot discharge on the y-axis versus recurrence interval on the x-axis. Use a ruler to draw a straight best-fit line through the data points. A best fit line is a line that best summarizes all the data to a single line – or represents an average. Best-fit lines should not connect data points. See Figure 2 below for an example of a best fit line. You can use the best-fit line to estimate the value of one variable for a certain value of another variable. For example, we can estimate the discharge with a 20-year recurrence interval by following a line straight up from 20 years on the X-axis to the best-fit line and the drawing a line straight to the Y-axis and estimating the discharge value at approximately 64,000 cfs.

[image: ]
Figure 2. Example of a Best-Fit Line and Estimating Discharge vs. Recurrence Interval


9. On the graph you plotted, estimate the peak discharge expected for a flood with a recurrence interval of 5 years.





10. On the graph you plotted, estimate the peak discharge expected for a flood with a recurrence interval of 50 years.




[image: ]



 (
Discharge (cfs)
)
[image: http://www.tulane.edu/%7Esanelson/images/disvsrecurint04.gif]
Part 3. Stream Channel Cross-Sections
Using the graph paper provided, plot the stream channel cross-sectional profile using the cross-sectional survey data in Table 4. See the example at the end of the exercise for assistance plotting graphs and making calculations.

Create a graph with distance on the X-axis and relative elevation on the Y-axis. The axes should range from 0 to slightly greater than the maximum values (e.g., if maximum distance is 8.7 m, the X-axis range should be 0 – 10 m; if maximum relative elevation is 2.8 m, the Y-axis range should be 0 – 3 m).

Convert survey rod measurement to relative elevation by identifying the maximum survey rod measurement, and then subtracting the survey rod measurement value for each measurement from the maximum survey rod measurement (e.g., if the maximum survey rod measurement is 3.05 m, relative elevation = 3.05 m – survey rod measurement). Plot relative elevation at the proper distance on the graph and connect each point with a straight line. 

11. What is the maximum survey rod measurement?





Calculate cross-sectional area at bankfull conditions (i.e., channel is completely full of water). Calculate water depth for each survey point by subtracting relative elevation from the maximum elevation of the lower of the two banks, including the water’s edge at both banks. (Tip: Think of the stream channel as a bowl, you can only fill a bowl as full as the lowest lip of the bowl). 

12. What is the maximum elevation for the lower of the two banks?





13. What is the average water depth at bankfull? (Tip: Add all water depths and divide by the number of depth measurements. Be sure to include both water edges, so you should include two water depths with a value of 0.)





14. What is the channel width at bankfull? (Tip: Determine the width of the water by reading the distance values for each water’s edge by drawing lines straight down on the x-axis then determine the difference between those values.)


15. What is the cross-sectional area at bankfull? (Tip: Cross-sectional area = width * average depth)





16. What is the width:depth ratio at bankfull? (Tip: W:D ratio = width / average depth)






17. What is the wetted perimeter at bankfull? (Tip: WP = width + (average depth * 2))







18. What is the hydraulic radius at bankfull? (Tip: HR = cross-sectional area / wetted perimeter)







19. What is the average velocity at bankfull? (Tip: Add all water velocity measurements and divide by the number of measurements.)







20. What is the discharge for bankfull conditions? (Tip: Discharge = cross-sectional area * average velocity)





Part 4. Stream Channel Longitudinal Profiles
Using the graph paper provided, plot the longitudinal profile of the stream channel bed and water depth using the data in Table 5. Plot the longitudinal profile following similar steps for plotting a cross-sectional profile detailed in Part 3. To plot water depth, you must calculate relative water depth by adding water depth and relative elevation for each row in the table. You then plot relative water depth. 


21. How many complete pools are identifiable in the longitudinal profile?







22. How deep is the deepest pool? (Tip: Pool depth = maximum elevation of the downstream riffle - lowest elevation in the pool)







23. What is the slope of the downstream most riffle from 60 m to 72 m? (Tip: Slope = rise / run OR change in elevation / distance)








24. What is the slope of the entire longitudinal profile? 
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Table 4. Cross-sectional survey and water velocity data.
	Dist. (m)
	Survey Rod (m)
	Relative Elevation (m)
	Bankfull Water Depth (m)
	Bankfull Water Velocity (m/sec)

	0.0
	0.26
	
	
	

	0.5
	0.21
	
	
	

	1.0
	0.19
	
	
	

	1.5
	0.33
	
	
	

	2.5
	1.63
	
	
	1.74

	3.5
	1.81
	
	
	2.43

	4.5
	1.78
	
	
	2.51

	5.0
	1.80
	
	
	2.35

	6.0
	1.76
	
	
	2.87

	6.5
	1.80
	
	
	3.26

	7.0
	1.87
	
	
	4.40

	7.5
	1.90
	
	
	4.73

	8.0
	1.86
	
	
	3.05

	8.5
	1.76
	
	
	2.46

	9.0
	1.66
	
	
	2.58

	10.0
	1.16
	
	
	2.29

	11.5
	0.87
	
	
	1.99

	12.0
	0.72
	
	
	1.63

	13.0
	0.33
	
	
	

	14.0
	0.35
	
	
	

	15.0
	0.37
	
	
	




Table 5. Longitudinal profile and water depth data.
	Distance (m)
	Survey Rod (m)
	Relative Elevation (m)
	Water Depth (m)
	Rel. Water Depth (m)

	0
	1.67
	
	0.05
	

	7
	1.69
	
	0.06
	

	11
	1.84
	
	0.10
	

	16
	1.99
	
	0.25
	

	20
	1.99
	
	0.26
	

	27
	1.85
	
	0.10
	

	33
	1.77
	
	0.03
	

	35
	1.78
	
	0.05
	

	42
	1.90
	
	0.09
	

	46
	1.94
	
	0.13
	

	51
	2.15
	
	0.35
	

	57
	1.94
	
	0.15
	

	60
	1.81
	
	0.04
	

	66
	2.02
	
	0.05
	

	72
	2.08
	
	0.03
	

	76
	2.18
	
	0.10
	

	87
	2.16
	
	0.07
	

	92
	2.15
	
	0.06
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Stream Channel Cross-section Example
	Dist. (m)
	Survey Rod (m)
	Relative Elevation (m)
	Bankfull Water Depth (m)
	Bankfull Water Velocity (m/sec)

	0
	1.85
	3.05 – 1.85 = 1.20
	
	

	2
	1.78
	3.05 – 1.78 = 1.27
	
	

	4
	1.71
	3.05 – 1.71 = 1.34
	
	

	4.8
	2.19
	3.05 – 2.19 = 0.86
	1.23 – 0.86 = 0.37
	2.34

	5.7
	2.74
	3.05 – 2.74 = 0.31
	1.23 – 0.31 = 0.92
	2.99

	6.1
	2.97
	3.05 – 2.97 = 0.08
	1.23 – 0.08 = 1.15
	3.68

	6.8
	3.04
	3.05 – 3.04 = 0.01
	1.23 – 0.01 = 1.22
	3.45

	7.9
	2.98
	3.05 – 2.98 = 0.07
	1.23 – 0.07 = 1.16
	5.67

	8.9
	2.98
	3.05 – 2.98 = 0.07
	1.23 – 0.07 = 1.16
	4.11

	9.8
	3.00
	3.05 – 3.00 = 0.05
	1.23 – 0.05 = 1.18
	5.48

	10.3
	3.05
	3.05 – 3.05 = 0.00
	1.23 – 0.00 = 1.23
	4.26

	11.1
	2.99
	3.05 – 2.99 = 0.06
	1.23 – 0.06 = 1.17
	3.13

	11.7
	2.69
	3.05 – 2.69 = 0.36
	1.23 – 0.36 = 0.87
	2.87

	12.4
	2.36
	3.05 – 2.36 = 0.69
	1.23 – 0.69 = 0.54
	2.09

	13.4
	1.82
	3.05 – 1.82 = 1.23
	1.23 – 1.23 = 0.00
	

	15.3
	1.84
	3.05 – 1.84 = 1.21
	
	

	17.7
	1.88
	3.05 – 1.88 = 1.17
	
	


 (
Maximum 
elevation of the lower of the two banks
) (
Maximum survey rod measurement
)
[image: ]
 (
Channel width at bankfull
)

Maximum survey rod measurement = 3.05 m
Maximum elevation of the lower of the two banks = 1.23
Average water depth = 0.84 m
(0.00 + 0.37 + 0.92 + 1.15 + 1.22 + 1.16 + 1.16 + 1.18 + 1.23 + 1.17 + 0.87 + 0.54 + 0.00) / 13
Channel width at bankfull = 13.4 m (right bank) – 4.2 m (left bank) = 9.2 m
Cross-sectional area at bankfull = 9.1 m * 0.84 m = 7.64 m2
Average velocity = 3.64 m/sec 
(2.34 + 2.99 + 3.68 + 3.45 + 5.67 + 4.11 + 5.48 + 4.26 + 3.13 + 2.87 + 2.09) / 11
Discharge at bankfull = 7.64 m2 * 3.64 m/sec = 27.81 m3/sec
Stream channel longitudinal profile example
	Distance (m)
	Survey Rod (m)
	Relative Elevation (m)
	Water Depth (m)
	Relative Water Depth (m)

	0.0
	0.98
	1.78 – 0.98 = 0.80
	0.14
	0.80 + 0.14 = 0.94

	1.7
	1.02
	1.78 – 1.02 = 0.76
	0.16
	0.76 + 0.16 = 0.92

	3.3
	0.92
	1.78 – 0.92 = 0.86
	0.08
	0.86 + 0.08 = 0.94

	4.6
	0.90
	1.78 – 0.90 = 0.88
	0.05
	0.88 + 0.05 = 0.93

	7.6
	0.89
	1.78 – 0.89 = 0.89
	0.01
	0.89 + 0.01 = 0.90

	10.1
	1.07
	1.78 – 1.07 = 0.71
	0.02
	0.71 + 0.02 = 0.73

	14.0
	1.18
	1.78 – 1.18 = 0.60
	0.03
	0.60 + 0.03 = 0.63

	20.0
	1.33
	1.78 – 1.33 = 0.45
	0.04
	0.45 + 0.04 = 0.49

	23.0
	1.63
	1.78 – 1.63 = 0.15
	0.31
	0.15 + 0.31 = 0.46

	25.9
	1.47
	1.78 – 1.47 = 0.31
	0.15
	 (
Depth of deepest pool = 0.40
)0.31 + 0.15 = 0.46

	30.3
	1.35
	1.78 – 1.35 = 0.43
	0.03
	0.43 + 0.03 = 0.46

	32.6
	1.78
	1.78 – 1.78 = 0.00
	0.47
	0.00 + 0.47 = 0.47

	35.0
	1.63
	1.78 – 1.63 = 0.15
	0.30
	0.15 + 0.30 = 0.45

	39.5
	1.52
	1.78 – 1.52 = 0.26
	0.18
	 (
Profile Gradient = (0.80 – 0.08 / 76.5) = 0.95%
)0.26 + 0.18 = 0.44

	43.5
	1.38
	1.78 – 1.38 = 0.40
	0.04
	0.40 + 0.04 = 0.44

	46.5
	1.40
	1.78 – 1.40 = 0.38
	0.05
	0.38 + 0.05 = 0.43

	49.5
	1.58
	1.78 – 1.58 = 0.20
	0.24
	0.20 + 0.24 = 0.44

	51.7
	1.48
	1.78 – 1.48 = 0.30
	0.13
	0.30 + 0.13 = 0.43

	54.0
	1.40
	1.78 – 1.40 = 0.38
	0.04
	0.38 + 0.04 = 0.42

	59.0
	1.42
	1.78 – 1.42 = 0.36
	0.05
	0.36 + 0.05 = 0.41

	64.0
	1.45
	1.78 – 1.45 = 0.33
	0.03
	0.33 + 0.03 = 0.36

	68.1
	1.60
	1.78 – 1.60 = 0.18
	0.04
	0.18 + 0.04 = 0.22

	71.4
	1.62
	1.78 – 1.62 = 0.16
	0.03
	0.16 + 0.03 = 0.19

	74.3
	1.66
	1.78 – 1.66 = 0.12
	0.01
	0.12 + 0.01 = 0.13

	76.5
	1.70
	1.78 – 1.70 = 0.08
	0.06
	0.08 + 0.06 = 0.14



 (
depth
 of deepest pool
) (
Three complete pools
)[image: ]
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