Water Resource Management
Exercise Manual

Written by
Mark W. Bowen
Department of Geography and Urban Planning
University of Wisconsin Oshkosh



Preface

This exercise manual was designed for use in an upper-level undergraduate water
resource management course. The manual consists of ten hands-on or experiment-type
exercises anda final project watershed management plan.

This exercise manual has the very real benefit of providing required course material to
students free of charge. The manual incorporates several high-impact teaching
practices, including research, collaborative exercises, and community-based learning.
Research has shown that high-impact teaching practices have several benefits to the
student, such as increased engagement with the material, deeper learning, improved
performance/grades, improved ability to retain, integrate, and transfer infor mation, and
increased retention and graduation rates (Kuh 2008). This manual includes several
exercises specific to the region of northeast Wisconsin; however, exercises can easily be
modified for any region. By creating region specific exercises, sudents are able to link
concepts learned in class to physical processes and landforms they regularly encounter
This increases the value of learning to the student and increases student engagement
with the material.

This manual is licensed under a Creative Commons AttributionNonCommerdal-
ShareAlike 4.0 International License by Mark W. Bowenin 2016. For more information
about rights and restrictions associated with this license please visit:
http://creativecommons.org/licenses/by -nc-sa/4.0/

Kuh GD (2 0lheagt EdiddtiogahPractices: What They Are, Who Has Access o
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GEOG ®4 i Water Resource Management

Name and ID:

Exercise 1. Water in Motion

Purpose
The purpose of this exercise is to become familiar with how water moves through the
hydrologic cycle.

Learning Outcomes 1 Upon completion of this exercise you should be able to:
1 Understand the complex movement of water molecules through components of the
hydrologic cycle
1 Identify how state changes affect water movement
9 Track the movement of pollution through the cycle
9 Determine how external drivers influence water movement

Background
This exercise has been modfied from the NOAA Water Cycle Game: Nomack, M. (2011). Water
Cycle Game. Retrieved from http://www.eoearth.org/view/exercise/166778

Water is constantly in motion. Sometimes quickly, as in a fast-flowing river, but sometimes it
moves quite slowly, like in underground aquifers. Understanding the details of how water
moves about, on a watershed scale, is critical to understanding how either dissolved
contaminants, or those attached to particles that are carried along in a water stream, are
transported around within the watershed.

The movement of water, the water cycle, is often shown as a simple circular cycle (as in Figure
1 below) in which water evaporates from the ocean, is carried over land, falls as rain, and then
is transported back to the ocean throug h rivers. This depiction tends to oversimplify the actual
movement of water. There are many places, or compartments, where water may be found
during its cycle. And the actual path any given water molecule follows within the complete
water cycle can be quite varied and complex. Nor do such simple figures help to convey the
period of time that any given water molecule may spend within certain compartments. For
instance, the Antarctic Bottom Water, deep ocean water formed in the Antarctic, takes over 250
years to travel along the bottom of the Pacific Ocean before it re -surfaces in the Aleutian
Islands.

Water may change state from a liquid to a gas or solid as it travels along its path. Water in its
liquid form is the most visible and obvious. Water can be seen flowing in rivers and surging in
ocean waves. Water even travels underground, though slowly, where it seeps through the
spaces between grains of soil, sometimes coming to the surface as artesian springs. Although
gravity works on ground water, geologic f ormations play a critical role in determining which
direction water actually travels while underground.

Living organisms also move water about. Water, either directly consumed as liquid or extracted

from food, is carried within bodies. It then leaves as a gas during respiration, is excreted, or
may evaporate from the skin as perspiration.
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GEOG B4 i Exercise 1. Water in Motion

Plants are the major biotic movers of water. Their roots collect water for distribution throughout
the plant. Some is used in photosynthesis, but most travels to the le aves where it is easily
evaporated or transpired. Plants and their roots are also a major determining factor in the
ability of a landscape to retain surface runoff or not. Although most water vapor cannot be
seen, fog and clouds do give some indication of water vapor in the atmosphere. Water
condensation, seen as early morning dew or even on a cold glass, is one visible example of the
water vapor present in our air. In clouds, water molecules condense and collect on microscopic
dust particles until they reach such a weight that gravity pulls the water down as precipitation.

Condensation

o

Evaporation Tfr%nr;;!atrl%n
from Oceans,

Lakes & Streams

Figure 1. Diagram of the Hydrologic Cycle (public domain image from NASA Precipitation
Education website at http.//Jomm.nasa.gov/education/water -cycle)

Equipment required
9 9 station signs and dice
M 9 sets of beads
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GEOG B4 i Exercise 1. Water in Motion

Exercise

1. Nine stations are setup around the room representing various compartments of the
hydrologic cycle. At each station has a container of beads that represent pollution.

A. To start, you will be randomly assigned to a station and you need to record the starting
station as Turn 1 in Table 1. Then roll the die for that station.

B. Upon

t he

i nstructor

P

6s signal, foll ow t

station or move to the new station indicated on the d ie.
C. Atthe new station, or if you stayed at the same station, record the station in Table 1,

and then roll the die for that station.

D. Repeat steps B and C until the instructor tells you to stop (after ~12 turns).

Pollution Connection

The hydrologic cycle plays a very influential role in the transport of pollutants. As you move
among the stations, collect or deposit pollution beads from the station you move to as indicated

below and record your action in Table 1.

he

If you move from to then

Clouds All Collect 1 as airborne contaminants are sorbed
Animals Soail Collect 2 for wastes

Animals Cloud Deposit all as water is purified as it is respired
Saoll Plants Deposit 1 as some plants absorb pollutants
Sall River Collect 2 as runoff carries pollutants

Saoll Groundwater Deposit 1 as soil filters some pollutants

Soil Cloud Deposit all as water is purified as it evaporates
Plants Animals Collect 1 as contaminants are ingested

Plants Cloud Deposit all as water is purified as it is transpired
Ocean Cloud Deposit all as water is purified as it evaporates
Lake Cloud Deposit all as water is purified as it evaporates
Lake Groundwater Deposit 1 as soil filters some pollutants

Lake Animals Collect 1 as contaminants are ingested

Lake River Collect 1 as water moves downstream

Glacier Groundwater Deposit 1 as soil filters some pollutants
Glacier River Collect 1 as runoff carries pollutants

Glacier Clouds Deposit all as water is purified as it sublimates
Groundwater Lake or River Deposit 1 as soil filters some pollutants

River Groundwater Deposit 1 as soil filters some pollutants

River Lake or Ocean | Collect 1 as water moves downstream

River Clouds Deposit all as water is purified as it evaporates
River Animals Collect 1 as contaminants are ingested

If you stay in Lake, River, or Ocean, collect one pollution bead as pollution is discharged into
these water bodies. For any other moves, retain the pollution beads you already have, and
collect or deposit pollution beads after you move to the new station.
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GEOG B4 i Exercise 1. Water in Motion

Table 1. Record of your movement, pollution actions, and water state

Turn Station Name Pollution Water state
Action ( solid/liquid/gas)

10

11

# beads left =
12
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GEOG B4 i Exercise 1. Water in Motion

Table2. Summar y of the ¢/ assdé movements and pol l ution
Station Total # of # of pollution beads
Name occurrences in container*

Animals

Clouds

Glacier

Groundwater

Lake

Ocean

Plants

River

Soill

* Each container started with 100 pollution beads, so if a station has more than 100 bead's it
accumulated pollution and if a station has fewer than 100 beads it was a source of pollution.

2. How many state changes occurred as you moved from one station to another?

3. Describe how changes of state occur as a water molecule moves through the hydrologic
cycle and how that impacts the cycle.
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GEOG B4 i Exercise 1. Water in Motion

4. Compare and contrast the effects that movement among the different compartments has on
water quality.

5. Explain how the sun, gravity, and geology influence the movement of water from the
various compartments.

6. For Oshkosh, how does the hydrologic cycle change throughout the year?

7. How would the hydrologic cycle change if we moved to a more southern or northern
location?
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GEOG 3641 Water Resource Management

Name and ID:

Exercise 2. Fox River Watershed Water Balance

Purpose
The purpose of this exercise is to become familiar with how water is budgeted in the various
components of the hydrologic cycle for management purposes.

Learning Outcomes 1 Upon completion of this exercise you should be able to:
9 Utilize Excel to conduct complex calculations
1 Create a water budget for the Fox River watershed
9 Evaluate water use levels under a variety of scenarios

Background

This exercise has been modifiedfom Er i ¢ W. HRm@bgk Cixle and l&/ater Balance
Equationexercise available at:
http://serc.carleton.edu/NAGTWorkshops/hydrogeo/activities/10658.html

A water balance is a simple approach to quantifying all the inputs and outputs within a given
hydrologic system, such as a watershed. A water balance can be represented with the following

equation: P = Q + ET + S, where P is precipitati

and gS is change in groundwat er ipleofoonsergaonin@ h e

closed system, in which water is neither lost nor gained, but simply changes location within the
system. While watersheds are not closed systems, their function within the hydrologic cycle
closely represents a closed system.

The water balance equation is an essential tool in water resource management. With the
equation, a mathematical model of all water entering, leaving, and stored within a watershed
can be created. This allows water resource planners to model impacts of changing climate, land
use, population, and water consumption patterns on available water resources at a variety of
spatial and temporal scales.

Equipment required

1 Computer with Excel

Exercise
1. Create a list and sketch a conceptual model of all the inputs and outputs to the Fox River
Watershed.
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GEOG 364i Exercise 2. Fox River Watershed Water Balance

Scenario 1 1 Current conditions
2. Complete the Fox River Water Balance Excel worksheet for Scenario 1:
a. Annual precipitation: 81 cm (32 inches)
b. Annual snowfall: 91 cm (36 inches) (~90% of snowfall is airspace and ~10 % is
water)
c. Population: ~900,000 people
d. Per capita personal water use: 300 gal/day
i. This amount i ncl udvatesthdlig comsumeaihdirestly suehr o
as from irrigation -based agriculture
e. Per capita water use for thermoelectric generation: 1,255 gal/day
Average annual discharge of the Fox River in Green Bay: 4,700 cubic feet per second
(cfs)
g. Of all rainfall and snowfall:
i. 60% is evapotranspirated
ii. 25% becomes runoff
iii. 15% infiltrates the ground
h. Of all the water that infiltrates the ground and remains in the soil-water belt:
i. 50% recharges the groundwater
ii. 15% returns to the surface as runoff
iii. 35% is evapotranspirated
i. Of all the water that infiltrates the ground and enters the groundwater:
i. 10% returns to the surface to provide baseflow in rivers
ii. 90% remains in long-term storage

o

3. What is average annual discharge of the Fox River in Green Bay in gallons/day?

4. Given the watershed characteristics, approximately how much water is lost via
evapotranspiration? Report answer in both cm/year and percent.

5. Of all the water that infiltrates the surface, what total percentage contributes to streamflow?
Groundwater recharge?
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GEOG 364i Exercise 2. Fox River Watershed Water Balance

6. How many people can the watershed potentially and sustainably support?

7. Examine the formula for the two population calculations, how do they differ?

8. How sustainable are current conditions? Why?

9. Will groundwater levels change, and, if so, how?

Scenario 2 1 Future climate change

Scenario 1 was based on actual average conditions within the watershed for the last several
years. However, conditions within the watershed are dynamic and subject to change.
Temperatures are projected to increase throughout the century, resulting in greater
evapotranspiration. Precipitation is also projected to increase; however, precipitation events will
likely become more intense and less frequent, resulting in more runoff and less infiltration.

Visit the Wisconsin Initiative on Climate Change Impacts website at

http:// www. wicci.wisc.edu/index.php. MJaldiemattéene nC
WGo | ink, then click on the fAMapso |ink, and then
Projected Climate Change in Wi sconsino |link. Sele

variables, and specific variables (leave season as annual)and note how the climate is predicted
to change.

10. Complete the Fox River Water Balance Excel worksheet for Scenario 2. Adjust values from
scenario 1 based on the predicted future climate changes.
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GEOG 364i Exercise 2. Fox River Watershed Water Balance

11. Describe which variables you adjusted, how you adjusted them, and why.

12. How many people can the watershed potentially and sustainably support? How did these
change from scenario 1, why?

Scenario 3 i Population and water consumption change

Population within the watershed may change dramatically throughout the century. Northwest
Wisconsin has an aging population, so the region could experience a net decline in population.
However, the area is a regional hub of manufacturing activity; if the manufacturing economy
recovers, the region could experience a dramatic population increase. Harsher climates in other
regions of the United States may also drive migration to Wisconsin, which is not projected to be
as severely impacted by climate change as other states, such as Texas, Florida, and Céfornia.

Additionally, our water demands and methods of generating electricity will likely change

considerably as water and energy efficiency continues to increase and electricity generation
shifts to fgr ergensve sbyrced sech as solaeahdevind power.

13. Complete the Fox River Water Balance Excel worksheet for Scenario 3. Adjust values from
scenario 2 to represent potential population and water consumption changes.
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GEOG 364i Exercise 2. Fox River Watershed Water Balance

14. Describe which variables you adjusted, how you adjusted them, and why.

15. How many people can the watershed potentially and sustainably support? How did these
change from scenarios 1 and 2, why?

Page 14 of 64



GEOG 364i Exercise 2. Fox River Watershed Water Balance

4 Wolf River
Basin

Figure 1. Fox River Watershed (from Calumet County Land Information Office website).
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GEOG 364i Water Resource Management

Name and ID:

Exer cise 3. Hydrographs and Flood Frequency

Purpose
The purpose of this exercise is to gain experience working with stream hydrographs and
discharge data.

Learning Outcomes 1 Upon completion of this exercise you should be able to:
1 Graph discharge data and interpret a stream hydrograph
91 Plot regression line
1 Calculate recurrence interval using graph paper and Excel

Background

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 i with discharge on one side
of the graph and precipitation on the other side. Time typically extends from several hours
before a storm event t o 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.
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GEOG 3641 Exercise 3. Hydographs and Flood Frequency

Table 1. Factors [ nfluencing st-oieamdadreaaesy)e ( Q)
Peak | Lag | Base Flood

Factor Q |time | flow | frequency Because
As watershed size + + + - larger watersheds receive
increases more rain, but runoff has

farther to travel so the soils
can absorb more water

A more circular + - - + runoff does not have as far to

watershed has travel so soils cannot absorb
as much water

As drainage density + - - + there are more stream

increases channels to more quickly
convey water

As relief increases + - - + steeper slopes generate more

runoff and less water
infiltrates the soil

As precipitation intensity + - - + rain falls faster than it can

increases infiltrate and more runoff is
generated

As antecedent + - + + wet ground absorbs less

conditions are wetter water and generates more
runoff

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

As soils become more + - - + less water infiltrates the soil

clayey and more water runs off

As a watershed - + + - trees intercept the water,

becomes more forested increasing infiltration and
decreasing runoff

As vegetation density - + + - because vegetation slows

increases runoff, increasing infiltration

As urbanization + - - + impervious surfaces prevent

increases infiltration and increase runoff

Equipment require d
91 Ruler
1 Calculator
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GEOG 3641 Exercise 3. Hydographs and Flood Frequency

Exercises

Part 1. Hydrographs
Use your readings, |l ecture notes, or search the
components on Figure 1. Storm Hydrograph.

A - 1 —>» 2

|
6 7

Figure 1. Storm Hydrograph

6.

7.

8. Which of the following would reduce the amount of water flowing in a stream when storm
events are not occurring?
a. wetter antecedent conditions
b. increased watershed size
c. increased amount of forest
d. increased predpitation intensity
e. increased urbanization
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GEOG 3641 Exercise 3. Hydographs and Flood Frequency

9. Which combination of factors would most likely produce the highest peak discharge?
a. small, circular, rural watershed with wet ground
b. large, circular, urban watershed on a hillside
c. large, elongate, urban watershed with intense storm
d. small, circular, urban watershed with many streams
e. small, circular, forested watershed with steep slopes

10. Which of the following would result in greater flood frequency?
a. decreased urbanization
b. decreased drainage density
c. decreased watershed size
d. decreased relief
e. decreased soil clay content

Using the graph paper below, plot two hydrographs on one graph using the data in 7able 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 O to slightly greater than the maximum values (e.g., if maximum discharge is 1,382
cfs, the Y-axis range should be 01 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 predpitation value should be centered on the appropriate time interval. See Figure 2.
Hypothetical Storm Hydrograph for Two Stream Gaging Stationsfor an example of how your
hydrograph should look.

180 - r2

160 - [ Precipitation

140 - —e—Station A L 15

120

—ii— Station B

100 -

80 -

-
Precipitation (In)

Discharge (cfs)

- 0.5

Figure 2. Hypothetical Storm Hydrograph for Two Stream Gaging Stations
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GEOG 3641 Exercise 3. Hydographs and Flood Frequency

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.

11. What is the lag time for Station A?

12. What is the lag time for Station B?

13. What is the peak discharge for Station A?

14. What is the peak discharge for Station B?

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

16. Assuming watershed dze is equal, which station likely has a more urban watershed? How
can you tell?
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GEOG 3641 Exercise 3. Hydographs and Flood Frequency

Table 2. Precipitation and Discharge Data for Two Stream Gaging Stations.
Station A Station B

Time Precip. | Discharge | Precip. | Disch arge
(In) (ft 3/sec) (In) (ft 3/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
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GEOG 3641 Exercise 3. Hydographs and Flood Frequency

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 fl ood 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.

Calcuhte 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, W, 19881 2012.

Gage
Height Discharge | Rank, | Recurrence
Year (ft) (cfs) m 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

17. What is the annual peak discharge with a recurrence interval of approximately one year?
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GEOG 3641 Exercise 3. Hydographs and Flood Frequency

18. 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 T or represents an average. Bestfit lines
should not connect data points. See Figure 3 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.

100000 — —
90000 — —
— / S =
_ | ® |
k) I
o ||
(1)
© | | |
£
@
E —_— =
1 10 100
Recurrence Interval

Figure 3. Example of a BestFit Line and Estimating Discharge vs. Recurrence Interval

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

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