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Comp Hydro Unit Learning Goals
Hydrologic Learning Goals

Water Tables and Aquifers: Students will be
able to describe (slope and aspect) the regional
water table as a surface located in a 3dimensional space underground. (2)

Computational Thinking and Modeling
Learning Goals
Plotting Data: Students will be able to plot
Trade-offs: Students will be able to identify and
sample location and contamination data on a
describe benefits and challenges of using
map and interpret contamination plume shape computers to analyze data. (1, 2, 3)
and direction of movement. (1)
Students will be able to explain that computer
models are best estimates based on the data
available.
Interpolation of Data: Students will be able to Parameterization: Students will be able to
interpolate data in order to contour
divide the problem-space into discrete cells
contamination concentrations and water table and assign values to those cells based on
elevations. (1, 2)
properties of the system. (2, 3)

Groundwater-Surface Water Relationships:
Students will be able to describe the
relationship of surface water to groundwater
systems. (2)

Students will be able to use well-data to
determine the stratigraphic structure of an
aquifer. (3)
Visualization: Students will be able to interpret
3D shape of water table from plan and crosssection views of contour maps.
(1, 2, 3)

Contamination Plumes: Students will be able
to describe the shape and direction of flow of
the contamination plume and identify possible
contamination sources. (1)

Groundwater Flow Drivers: Students will be
able to interpret direction of groundwater flow
in an unconfined aquifer from high gravimetric
potential (head) to low gravimetric potential
using a variety of representations and models.
(2, 3)

Data Learning Goals

Uncertainty: Students will be able to recognize
where missing data contribute to uncertainty.
(1, 2, 3)
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Boundary Conditions: Students will be able to
identify system boundaries and explain how
the boundary conditions affect a computational
model. (1, 2, 3)
Discretization: Students will be able to discuss
how size of discrete intervals (cell size or
contour interval) affects models and
representations. (2, 3)
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Hydrologic Learning Goals

Data Learning Goals

Groundwater Flow Constraints: Students will
be able to identify the pattern that water
moves faster through materials with greater
permeabilities (e.g., clean sands and gravels)
and slower through materials with lower
permeabilities (e.g., silts and clays). (3)
Groundwater Pathways: Students will be able
to trace likely water pathways through aquifers
using a variety of representations. (3)

Noise and Complexity: Students will be able to
look for trends in noisy data and recognize that
more data often leads to more complexity. (1,
2, 3)

Computational Thinking and Modeling
Learning Goals
Iteration: Students will be able to explain how
computers repeat a sequence of commands
many times (iterate) to complete a task. (1, 2,
3)

Models as Best Approximations or Estimates
(uncertainty): Students will be able to explain
that computer models are best estimates
based on the data available. (1, 2, 3)
Comparing Models to Observations: Students will be able to perform and adjust several runs of
a model to falsify models and work toward modeled and observed agreement. (1, 2, 3)
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Comp Hydro Modules Overview
Understanding the Tucson International Airport Area (TIAA) Superfund Site
and the Tucson Airport Remediation Project (TARP)
Pre-Assessment

Establish and Contextualize the Problem
How and why is this community affected by the TCE
and 1,4 Dioxane pollution?
Students read newspaper articles, view videos, and see a demonstration of the
TCE and 1,4 Dioxane groundwater contamination related to the TIAA Superfund
Site. The overall driving question is established.

Explore, Model, and Investigate
Module 1 Shape of the Plume:
Where is the contamination?
Lesson 1: Paper Maps:
Locating Wells
Lesson 2: Paper Maps:
Contouring the
Contamination Plume
Lesson 3: Computer Models:
Modeling Plume Shape

Module 2 Shape of the water
table: What is the shape of the
water table?
Lesson 1: Physical: Piezometer
Model of Water Table
(Optional)
Lesson 2: Physical:
Contouring Water Table
Elevations
Lesson 3: Computer:
Regional Water Table in
2D & 3D

Module 3 Groundwater flow:
How do water and
contamination flow?
Lesson 1: Physical Model:
Groundwater Flow Drivers
and Constraints
Lesson 2: Paper: Drawing
Cross-Sections of the
TIAA Superfund Area
(Optional)
Lesson 3: Kinematic:
Table Simulation of
Computer Modeling of
Groundwater Flow
Lesson 4: Computer: Net
Logo Groundwater Flow
With Embedded
Assessment

Addressing the Problem
How is the contamination being cleaned up?
After using a Net Logo model to develop a pump and
treat solution to the contamination, students visit the
Tucson Water Advanced Oxidation Treatment Plant to
see how Tucson Water cleans up the contamination.

Post-Assessment
©2019 Kristin L. Gunckel, Garrett Love, Judy Cooper-Wagoner, Beth A. Covitt, Alan Berkowitz, John C. Moore. All Rights Reserved.
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Using Net Logo on the CSU Remote Server
To request access, please contact Ty Boyack, Colorado State University:
Ty.Boyack@colostate.edu
Instructor Directions
1. Use this link

https://ecoapps.nrel.colostate.edu/

2. Type in user name and pass word.
username: "instructor"
password is "instructorpw"
3. Under “Connections” open the Classroom
so you can see all student desks.
a. These screens show desks you
currently have open.
b. Click on student desks to see what
students are doing.
c.

Click on Instructor desk to run your
own desk.

4. Note: student logins do not map directly
onto student desks. You will receive a separate email that lists the mapping. Use the mapping to
identify which students are using each desk.
5. You can also see what each student is
doing, click CTRL-ALT-SHIFT. A menu will
slide in from the left. Click on your
usename, in the upper right.
6. From here, click on a student desk. You
should now be able to see what that
student is doing.
7. To change to a new desk, hit CTRL-ALTSHIFT again. Always come back to this
screen to change desks you want to see.
8. To disconnect from a student, hit CTRL-ALT-SHIFT. Choose the “disconnect” option. That will
disconnect you from that student’s desk and you can choose a new student desk.
a. WARNING: If you are on a student screen and you click the black exit X, you will also
disconnect the student.
b. WARNING: Be aware of having too many desks open at one time. Everytime you open a desk
you add load to the system and slow down the entire system for everyone. To avoid this,
close each student desk from the CTRL-ALT-SHIFT screen before opening another student
desk.
©2019 Kristin L. Gunckel, Garrett Love, Judy Cooper-Wagoner, Beth A. Covitt, Alan Berkowitz, John C. Moore. All Rights Reserved.
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9. You may return to the home screen by clicking “Home.”
10. If a pink box comes up, you can either reconnect your session or log out.
11. To run your own models, choose the Net Logo Model you wish to run from the models home screen.
Then click “OK” at the bottom. If you click “Cancel” you will see a connection error message. You
may return to the home screen by clicking “Home.”

Models
Home Screen

Now you can use the Net Logo model.

Student Directions

1. You will have 10 “desks” for your class. Assign two to four students to each “desk”. Students will all
be able to see the models from their own computer. I recommend that you plan ahead of time
which student teams will get each login and password.
a. Note: More than one student can log on to the same desk. All students logged on to the
same desk will see and be able to operate the same model.
b. Suggestion: Assign team member numbers and roles. Rotate which team member is in
charge of manipulating the models.
2. Student logins do not map directly onto desks. Mapping is unique to each teacher. You will receive a
separate email with the mapping once you have been assigned desks. Use this mapping to keep
track of which students are on each desk.
3. Have students use this link

https://ecoapps.nrel.colostate.edu/

4. Type in user name and pass word.
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username: "a"
password: "pwa"
username: "b"
password: "pwb"
and so on through
username: "j"
password "pwj"
5. Students click their desk connection and proceed to Step 11 to the models home screen.
6. Special Note: Sometimes when students push the model and try to break it (not necessarily a bad
thing), they get “runtime error” message. Just click the “dismiss” button and return to the model.

7. Special Note: Sometimes when students push the model the get to a screen with a bunch of code.
To go back to the model, simply click the “Interface” tab at the top.

Logging Out

1. Best practice is to have students log out at the end of the class period. There are two ways to do
this.
a. Method One:

©2019 Kristin L. Gunckel, Garrett Love, Judy Cooper-Wagoner, Beth A. Covitt, Alan Berkowitz, John C. Moore. All Rights Reserved.
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i. Click the black X on the upper
right corner.

It will take you to the models home
menu page. Click the black X in the
upper right corner again.

ii. You should now see the pink
connection error box. Click “Log
Out.”

b. Method Two
i. Hit CTRL-SLT-SHIFT. You should
see a box come in from the
right.
ii. Click the down arrow next to
your login name.
iii. Click “Logout”
iv. You can also click “Disconnect”
and then click “log out” on the
next screen.

©2019 Kristin L. Gunckel, Garrett Love, Judy Cooper-Wagoner, Beth A. Covitt, Alan Berkowitz, John C. Moore. All Rights Reserved.
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2. If a student does not log out, the next student will not be able to log in on that desk. You can force a
log-out at any time
a. Click CTRL-ALT-SHFT
b. Choose the student desk that is not logged out.
c. Click log-out.

©2019 Kristin L. Gunckel, Garrett Love, Judy Cooper-Wagoner, Beth A. Covitt, Alan Berkowitz, John C. Moore. All Rights Reserved.
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Comp Hydro Pre-Assessment
The picture below shows part of a school campus with several grassy sports fields and a parking lot near
a river. Use the picture to help you answer the next set of questions.

1. Could water falling on the sports fields as rain get into the river?
a. (Choose) YES NO
b. If you answered “yes,” explain how and why you think the water could get into the river.
If you answered “no,” explain why the water could not get into the river. Please provide
as many details as you can.

2. Could water falling on the parking lot as rain at the location marked with the X get into the river?
a. (Choose) YES NO
b. If you answered “yes,” explain how and why the water could get into the river. If you
answered “no,” explain why the water could not get into the river. Please provide as
many details as you can.

©2019 Kristin L. Gunckel, Garrett Love, Judy Cooper-Wagoner, Beth A. Covitt, Alan Berkowitz, John C. Moore. All Rights Reserved.
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3 . Answer the following
a. What do you think scientists use computer models for?

b. Write a question about a real world water problem related to contamination or flooding
that a scientist could use a computer model to answer.

4. What are some problems with using a computer model to understand a real-world water
problem?

5. How can a scientist judge if a computer model is accurate?

©2019 Kristin L. Gunckel, Garrett Love, Judy Cooper-Wagoner, Beth A. Covitt, Alan Berkowitz, John C. Moore. All Rights Reserved.
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Use this contour map of a land surface to answer the questions below.

D

C

N
E

W
S
A
X
B

6. a. What would be a reasonable estimate for the elevation of the land surface at the X on the
map? (Circle a response)
A. 4800 ft
B. 4850 ft
C. 4815 ft
D. 4765 ft
b. Please explain why you chose that answer.

7. a. Which direction is Pine Creek flowing?

b. Explain how you decided on your answer.

©2019 Kristin L. Gunckel, Garrett Love, Judy Cooper-Wagoner, Beth A. Covitt, Alan Berkowitz, John C. Moore. All Rights Reserved.
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8. a. Where is the slope of the land the steepest?
A. A
B. B
C. C
D. D
b. Please explain why you chose that answer.

A gas station has been leaking gasoline from an underground storage tank. A chemical called MTBE that
occurs in gasoline has been found to be contaminating the groundwater.
9. a. The map shows the site of the gas station and the water table elevation contours. Which of
the four arrows on the map best shows the direction contamination will flow from the
leaking storage tank? (Circle a response)

A.
B.
C.
D.

Arrow A
Arrow B
Arrow C
Arrow D

b. Please explain why contamination will flow in that direction.

©2019 Kristin L. Gunckel, Garrett Love, Judy Cooper-Wagoner, Beth A. Covitt, Alan Berkowitz, John C. Moore. All Rights Reserved.
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The map below shows a computer-generated picture of the contamination (pollution) plume from the
leaking storage tank. The plume map was created using MTBE concentration data from the monitoring
wells on the map. Use this map for the following questions.

10. a. What would be a reasonable estimate of the concentration of MTBE from a groundwater
sample taken from a well at the X? (Circle a response)

A.
B.
C.
D.

0.2 mg/L
3.0 mg/L
14 mg/L
31 mg/L

b. Please explain why your choice is the best estimate of concentration.

11. a. At which location would you be most uncertain about the concentration of MTBE
modeled by the computer? (Circle a response)
A. A
B. B
C. C
D. D
b. Please explain why you are most uncertain about the concentration at that location.
12. a. How important is it to you that groundwater is protected in your community? (Circle a
response)
A. Not at all important
©2019 Kristin L. Gunckel, Garrett Love, Judy Cooper-Wagoner, Beth A. Covitt, Alan Berkowitz, John C. Moore. All Rights Reserved.
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B. Slightly important
C. Moderately important
D. Very important
E. Extremely important
b.

Please explain your reason for your answer.

13. a. How important is it to you that you understand how computer models can be used to
address real world problems like groundwater contamination or flooding? (Circle a response)
A. Not at all important
B. Slightly important
C. Moderately important
D. Very important
E. Extremely important
b. Please explain your reason for your answer.

14. Which of the following things do you think you could do? (Check all that apply)

A. I could explain a map of groundwater contamination to someone else.
B. I could use a computer groundwater model to decide if I could trust what someone else
tells me about groundwater.

C. I could use a computer groundwater model to show someone else how groundwater
contamination is being cleaned up.

D. I could use a computer groundwater model to predict where groundwater
contamination is moving or how it is changing.

©2019 Kristin L. Gunckel, Garrett Love, Judy Cooper-Wagoner, Beth A. Covitt, Alan Berkowitz, John C. Moore. All Rights Reserved.
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Establishing the Problem Overview
Introducing the Tucson International Airport Authority Superfund Site and
The Tucson Airport Remediation Project
Situating this unit in the Tucson Airport Authority Superfund Site will provide motivation to learn about
groundwater, connect what students learn to a situation that has and is affecting their community, and
provide a context for learning and applying new understandings. The context will also let students raise
important social justice issues related to the environment, water quality, and community action.
Therefore, setting the scene and establishing the problems to be investigated and modeled is a critical
first step in this unit.
Driving Question for the Unit: Where is the TCE and 1,4 Dioxane and how did it get here?
The answers to these questions are complex. This unit will address the science questions of where the
contamination is and where it came from, how it got into the water and the wells, and how it moved
through the groundwater. The unit will also address what is being done to clean up and monitor the
water. The science questions are also intimately connected questions about who the contamination
affected and why. The answers to those questions are embedded in issues of social injustices, both
historical and present. Students will likely ask these questions during the unit. It is important to
encourage students to see how the science questions are linked and the science answers can both
empower and raise new issues.

Activity Label

Pre-Assessment
40 minutes

Mapping the Problem
20 minutes

Community Videos
10 minutes

Activity Description

Students take the unit preassessment.
Students look at maps of disease
occurrences from 1965-1985
and read a newspaper article
about contaminated wells.
Students are introduced to TCE
and 1,4 Dioxane.

Students watch brief video clips
of community members talking
about their experiences with
disease and tainted wells.

Materials Needed

Comp Hydro Pre-Assessment
1. AZ Daily Star Article: May 2017
South-side Tucsonans Mobilize
for Another Water-Pollution
Struggle
https://tucson.com/news/local/s
outh-side-tucsonans-mobilizefor-another-water-pollutionstruggle/article_25aafd92-3a5a5550-bbd6-9fc0d02cd0dd.html
2. Cancer Rates TCE Map
https://www.newspapers.com/cl
ip/18749277/arizona_daily_star/
3. Establishing the Problem
Teacher page
Video clips
1.What the Water Gave Me
https://vimeo.com/71819153

©2019 Kristin L. Gunckel, Garrett Love, Judy Cooper-Wagoner, Beth A. Covitt, Alan Berkowitz, John C. Moore. All Rights Reserved.
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Activity Label

Activity Description

Materials Needed

Groundwater Flow Model
10 - 15 minutes

Students look at a simulation
using the Groundwater Flow
Model to see how contaminants
(solvents containing TCE and 1,4
Dioxane) could migrate into
private wells.

Groundwater flow model and
associated pumps and dyes. Requires
advanced set-up of the model.

Establishing the Problem Student
Page

Introduction of the Driving
Question
5-10 minutes

Students discuss questions they
have about what they have read
and observed. Questions are
raised about where the
contamination is now, how it
got there, and how it is being
cleaned up. Class is introduced
to driving question and the
outline for the upcoming unit:
1. Where is the contamination?
2. What is the shape of the
water table?
3. How does groundwater flow?
4. What is being done?

©2019 Kristin L. Gunckel, Garrett Love, Judy Cooper-Wagoner, Beth A. Covitt, Alan Berkowitz, John C. Moore. All Rights Reserved.
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Establishing the Problem
Time: 20 minutes
The article could be used as bell work.
1. Introduce the Comp Hydro Unit and the water pollution problem by asking students if they have
heard of the Tucson Airport Remediation Project (TARP) or groundwater pollution in the Tucson
area.
2. Have students read the May 16, 2017 article on 1,4 Dioxane contamination titled “South Side
Tucsonans Mobilize for Another Water Pollution Struggle.” For struggling readers, emphasize
that they should read at least the first page of text. https://tucson.com/news/local/south-sidetucsonans-mobilize-for-another-water-pollution-struggle/article_25aafd92-3a5a-5550-bbd69fc0d02cd0dd.html
3. Project the map of cancer rates.
https://www.newspapers.com/clip/18749277/arizona_daily_star/
4. Have students discuss, in small groups, the following questions about the article and map. The
questions and space to write answers are on the student page.
a. Why is Linda Robles worried about the water?
b. What are some patterns that you notice on the map?
c. What questions does this situation raise for you? What do you want to know more
about?
5. Have student groups share some of their questions with the class.
6. Review for students a brief history
a. In the 1950s, residents on the south side of Tucson began noticing high incidences of
cancer and other serious diseases.
b. TCE (Trichloroethylene) and 1,4 Dioxane are chemicals were found in the groundwater.
c. Residents sued the City of Tucson to get the water cleaned up.
d. Currently, both TCE and 1,4 Dioxane are being removed from the water. No one is
currently drinking contaminated water.

©2019 Kristin L. Gunckel, Garrett Love, Judy Cooper-Wagoner, Beth A. Covitt, Alan Berkowitz, John C. Moore. All Rights Reserved.
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Establishing the Problem
Name:
Talk about the following questions in your group. Write answers that your group discussed.
1. Read the article titled “South Side Tucsonans Mobilize for Another Water Pollution Struggle.”
Why is Linda Robles worried about the water?

2. Look at the map of cancer rates. What are some patterns that you notice on the map?

3. What questions does this situation raise for you? What do you want to know more about?

©2019 Kristin L. Gunckel, Garrett Love, Judy Cooper-Wagoner, Beth A. Covitt, Alan Berkowitz, John C. Moore. All Rights Reserved.
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Community Video
Time: 10 minutes
Show the video: What the Water Gave Me by Maya Castillo
https://vimeo.com/71819153
This clip is about 4 minutes long. It is powerful and draws explicit attention to the social
justice issues involved in the TIAA Superfund contamination.
Questions to ask
1. Have you heard of this situation before? What do you know?
2. Do you have any family members or friends who were affected by this problem?
3. What stories have you heard?
4. How and why is it that this community is affected by this pollution? Why are other parts
of Tucson not affected?

Groundwater Flow Model
Time: 10-15 minutes
Preparation: (Set up model before class)
1. Set up the model according to the manufacturer’s directions.
2. Before setting up the model, place electric tape over the holes in the lake so that the lake does
not fill. This will make the model behave more like an arid environment.
3. Follow the directions on the groundwater flow model video to set up the simulator.
Tape covering lake holes and
recharge pump moved off recharge
area to represent arid conditions
Dye shows up in
well #4

Put dye
representing
solvent here on
the surface and
in the UST.

TCE and 1,4Dioxane plume

Model of the TIAA Context
TIAA Superfund Site Demonstration
©2019 Kristin L. Gunckel, Garrett Love, Judy Cooper-Wagoner, Beth A. Covitt, Alan Berkowitz, John C. Moore. All Rights Reserved.

21

Comp Hydro Arizona: Establishing the Problem
1. Introduce the model. Briefly show the recharge zones, the wells, the river.
2. To model the contamination in the TIAA Superfund Site
a. Move the recharge pump away from the recharge zone. This situation simulates the
Tucson area during most of the year when there is little groundwater recharge.
b. Insert a bulb syringe into well #4. This well represents a municipal well. Pump some water
out to show that it is clear.
c. Put some dye directly on the green sponge in the recharge zone. Observe what happens
to it. It should mostly sit in the green sponge and a small bit may infiltrate into the top
of the coarse sand.
d. Move the recharge pump back to the recharge zone to let some water flow into the
model. Observe what happens to the dye. It should begin to move down and to the left.
e. Periodically move the recharge pump on and off the recharge zone to simulate episodic
monsoon storms that infiltrate rapidly into the groundwater system.
f. Periodically pump from well #4. Eventually, the water from well four will turn the color of
the dye.
g. You can also put some dye in the UST (underground storage tank) and follow it’s pathway
the same way.
Questions to ask during demonstration
1. Where is the groundwater? How does it move?
The groundwater fills the pores between the grains of sand and gravel. The groundwater
moves through the connected pore spaces. It is important that students see that
groundwater is not an underground lake or river.
2. How did the contamination get into well #4?
The contamination was solvents spilled directly onto the ground or stored in leaking
tanks (on the surface and underground). This solvent soaked into the ground. When it
rained, it mixed with the rainwater and infiltrated into the ground, eventually flowing
with the groundwater into the area of the wells. The wells then pumped the
contaminated water out of the ground.

Introduction of the Driving Question
Time: 5-10 minutes
Lead a closing discussion that sets up the driving question for the unit.
1. Ask students: What questions does this raise for you? What do you want to know more about?
2. Introduce the driving question for the unit: Where is the TCE and 1,4 Dioxane and how did it
get here?
3. Provide a brief outline for the upcoming weeks
a. Where is the contamination?
i. We will be learning about how computers can map where the contamination is.
b. What is the shape of the water table?
i. To understand better where the contamination is located, we will be using
computer models to help us visualize the water table underground.
c. How does groundwater flow?

©2019 Kristin L. Gunckel, Garrett Love, Judy Cooper-Wagoner, Beth A. Covitt, Alan Berkowitz, John C. Moore. All Rights Reserved.
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i. To help us understand how the contamination got where it is, we will be using
computer models to show how the contamination moves underground.
d. What is being done?
i. At the end of the unit we will take a field trip to the water treatment plant to
learn how Tucson Water removes the contamination from the groundwater.

TARP Online Resources
Arizona Department of Environmental Quality
https://azdeq.gov/environ/waste/sps/Tucson_Airport_Remediation_Project.html#ir
US EPA
https://www.epa.gov/superfund/search-superfund-sites-where-you-live
Tucson Water
https://www.tucsonaz.gov/files/water/docs/AOP_TARP_educational_signs.pdf

©2019 Kristin L. Gunckel, Garrett Love, Judy Cooper-Wagoner, Beth A. Covitt, Alan Berkowitz, John C. Moore. All Rights Reserved.
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Module 1: Contamination
Driving Question: Where is the contamination and what is the shape of the plume?
Overview:

Lesson 1: Paper Maps: Locating Wells
Purpose: To develop an understanding of how to read aerial photo maps
To learn to plot data on Google using My Maps.
Lesson 2: Paper Maps: Contouring the Contamination Plume
Purpose: To learn how to contour data using interpolation in order to estimate plume shape.
To consider issues of uncertainty in interpreting data.
To compare representations of the same phenomenon.
Lesson 3: Computer Models: Modeling Plume Shape
Purpose: To look at how the 1,4 dioxane plume has changed over time
To explore benefits and drawbacks of computer contouring models
To understand contour interval and fit to data.
To consider issues of uncertainty in interpreting data.

Learning Goals:

Hydrologic (H)
1. Contamination
Plumes: Students will
be able to describe
the shape and
direction of flow of
the contamination
plume and identify
possible
contamination
sources.

Data (D)
1. Plotting Data: Students will be
able to plot sample location
and contamination data on a
map and interpret
contamination plume shape
and direction of movement.
2. Interpolation of Data:
Students will be able to
interpolate data in order to
contour contamination
concentrations.
3. Comparing Models to
Observations: Students will be
able to perform and adjust
several runs of a model to
falsify models and work
toward modeled and observed
agreement.
4. Uncertainty: Students will be
able to recognize where
missing data contribute to
uncertainty.
5. Noise and Complexity:
Students will be able to look
for trends in noisy data and
recognize that more data often
leads to more complexity.

Computational (C)
1. Trade-offs: Students will
be able to identify and
describe benefits and
challenges of using
computers to analyze
data.
2. Discretization: Students
will be able to discuss how
size of discrete intervals
(cell size or contour
interval) affects models
and representations.
3. Iteration: Students will be
able to explain that
computers repeat a
sequence of commands
many times (iterate) to
complete a task.
4. Models as Best
Approximations or
Estimates (uncertainty):
Students will be able to
explain that computer
models are best estimates
based on the data
available.
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Lesson 1: Paper Maps: Locating Wells

Learning Goals: D1
Activity
#

Activity Label

1

Where is the
contamination?

Activity
Function

Establish
Question

2

Locate wells

Explore

3

Class discussion

Reflect

Activity Description
1. Create a google.sheets file using the data on Wells for
Student Maps. Set share settings so that students can
access the link.
2. Building from the previous day’s introduction to Tucson
International Airport Area (TIAA)/Tucson Airport
Remediation Project (TARP) situation, class asks the
driving question: Where is the contamination located?
How do we find out?
3. Students share initial ideas about how to find out.
4. Have students follow the directions on Student Task 1-1 to
locate some of the major landmarks and wells in the
project site on My Maps (Google).
5. Students save their maps on google.
6. As a whole group or in small groups, have students talk
about the following questions. These questions are also on
Student Task 1-1.
a. Where else would you locate a well? Why?
b. Why isn’t there a well at every house?
c. What questions does this map raise for you?
7. Following the discussion, students may write their answers
on the task sheet.
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Student Task 1-1: Locating Wells
Name:
Driving Question: Where is the contamination located? How do we find out?
In order to answer the driving question, we need data from sampling wells located throughout
the area. In this activity you will plot the location of these wells and the concentration of 1,4
dioxane in the water from these wells. These wells are water sampling wells and not drinking
water wells.
1. Begin a new map
a. Go to My Maps
i. https://www.google.com/maps/about/mymaps/
ii. Click “Get Started”
b. Click the red button that says “CREATE A NEW MAP”
2. Add some location markers
a. Tucson International Airport
i. In the Search Box, type “Tucson International Airport”
ii. Click the blue search button
iii. Click the “+” sign that says “Add to map”
iv. You should now see Tucson International Airport listed in the white legend
box on the left

Search Box

Tucson International Airport

Legend Box:
List of points
added to map
Click “+” sign
to add to map
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b. Sunnyside or Desert View High School
i. In the Search Box, type “Sunnyside High School, Tucson”(or “Desert View
High School, Tucson”
ii. Click the blue search
button
iii. Click the “+” sign that says “Add to map”
c. Your address (Optional)
i. In the Search Box, type in
your home address.
ii. Click the blue search
button
iii. Click the “+” sign that says “Add to map”
3. Add the location of the water sampling wells
An easy way to add many locations at once is to upload a file. The file has the following data
in it for 14 wells.
Well Number
Latitude
Longitude
1,4 Dioxane (ppb)
a. Click on the “Add layer button” in the white box on the
left of your map.
b. Click on the icon that says “Import”
c. Look at the data in the document “Wells for Student
Maps”
i. Click on the blue “Select” button
d. Choose the columns to position your placemarkers
i. Be sure “Latitude” and “Longitude” are checked. If
not, check them.
ii. Click the blue “Continue” button
e. Choose a column to title your markers
i. Check “Well Number”
ii. Click the blue “Finish” button
f. Change the color or shape of the icon for your wells (Optional)
i. Hover your mouse over “All Items” in the white legend box
ii. Click on the little paint can icon.
iii. Choose a color and symbol for the wells
4. Read your map
a. Change to satellite view
i. Click on the words “Base map” at the bottom of the white legend box.
ii. Click on the Satellite version of the map.
b. Get information about each well plotted on the map
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i. Click on any well
icon
ii. A box will
appear with the
well name,
latitude,
longitude, and
contamination
level (ppb
means parts per
billion).
5. Questions for Discussion and Argument

a. Where else would you locate a well? Why?

b. Why isn’t there a well at every house?

c. What questions does this map raise for you?

6. Save your map
a. Click on the words “Untitled Map” at the top left.
b. Enter the title “Sample Well Location” and your name.
c. Add a description that explains what the map shows.
d. Click the blue “Save” button.
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Wells for Student Maps
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Lesson 2: Paper Maps: Contouring the Contamination Plume

Learning Goals: H1, D1, D2, D3, D4
Activity
#

Activity Label

Activity
Function

1

Where is the
contamination?

Establish
Question

2

Contouring
contamination

3

Compare to
existing maps.

4

Class discussion

Explore

Explain

Reflect

Activity Description
1. Return to the driving question: Where is the
contamination?
2. Ask how we might represent what the contamination
might be under places where there is not a well.
3. Provide students with Student Task 1-2 Contouring
Concentration
4. Projecting on the overhead, model how to hand draw the
isoconcentration contours using interpolation. You may
need to model the entire contour line for 1.0 or 3.0
5. Have students complete the other isoconcentration
contour lines for the 1.0, 3.0, 5.0 and 7.0 ppb. Students will
need some instruction and scaffolding in drawing contours.

1. Students compare their maps to each other.
2. Teacher may show EPA map for students to include in
comparisons.

Materials Needed

1. Hydrology and Data
Discussion Points
and Argument
Questions
2. Student Task 1-2:
Contouring
Concentration map
3. 1,4 Dioxane
ConcentrationContour Completed
Map
Arizona DEQ Map of 1,4Dioxane Contamination
Plume

3. As a whole group or in small groups, talk with students
about the following questions. Help students read the
maps, think about interpolation, uncertainty, and
variability. Question and discussion points are listed on the
next page.
4. Following the discussion, students may write their answers
on the task sheet.
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Hydrology and Data Discussion Points and Argument Questions
1.

What does this map suggest to you about where the contamination is coming from? Be sure to
explain why.
The plume is generally shaped so that the lower concentrations are on the edges (north, west,
east) and higher concentrations are towards the center of the plume and towards the southern
edge. This might suggest that the plume is moving to the north and/or that the source of
contamination is in the south, possibly near the airport.

2. Where are you most uncertain about where you drew your lines? Why?
Students may say that they were more uncertain around the edges. Explore with the students
that contour lines are interpretations and that there is variability in interpretations, but that
interpretations must also be supported by the data. Where there is less data, there is more
uncertainty.
3. What would happen if you had data from more wells? How would it make drawing the map easier
or harder or both?
Eventually we want students to recognize that more data is both beneficial and challenging. It
can increase the complexity and make interpretation more challenging, but it can also increase
confidence in interpretations. Real data are not perfect and will have lots of variability. Scientists
have to try to find the overarching trends in the noise in the data.
4. How is your map similar to or different from the EPA map?
Students should see that their map has the same general shape as the EPA map, but the EPA
may be more detailed. Notice that the EPA map shows both the 1,4 dioxane plume (purple
shading) and the TCE plume (yellow isoconcentration lines).
5. What are some reasons for this variability?
The EPA map used more data. More data means more complexity but also less uncertainty.
However, there is still uncertainty in the EPA map as well, especially near the boundaries and
between wells.
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1,4 Dioxane Concentration-Contour Completed Map
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Arizona Department of Environmental Quality Map of Contamination
Plume

Arizona Department of Environmental Quality (Cartographer). (2004). 1,4-Dioxane Plume, TIAA CERCLA Site, Tucson,
Arizona.
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Student Task 1-2: Contouring Contamination Plume
Name:
Driving Question: Where is the contamination?
Contour lines connect points of equal value. They are commonly used to show elevation and topography
(shape of the land), but they can also be used to contour other phenomena, such as temperature,
concentration of a contaminant, or water depth.
On the map provided, the location of 14 wells are plotted (black dot). Next to each well is the
concentration of 1,4-Dioxane (in parts per billion (ppb)). Use these data to draw contour lines for the
concentration. Every point along a contour line has the same concentration of 1,4-Dioxane. Draw
contour lines for the following concentrations: 1.0 ppb, 3.0 ppb, 5.0 ppb, 7.0 ppb
The process of estimating where the contour line should go is called interpolation.

Here are some tips and rules for drawing contours.
1. Contour lines never cross.
2. Contour lines will only go through a well if the well is exactly the value of the line (e.g.,
1.0 ppb).
3. Begin near the top of the map and draw in the line for 1.0. Everywhere on this line the
concentration is 1.0 ppb.
a. Locate 2 adjacent wells, decide whether the 1.0ppb line will go between those or
around those wells.
1.0 ppb line will not go
between 0.5 ppb and 0.5
ppb
1.0 ppb line
will go
between 0.5
ppb and 2.2
ppb, closer to
0.5 ppb.

1.0 ppb line will go
between 0.5 ppb and
3.6 ppb, closer to 0.5
ppb.

4. Sketch in the contour line based on your interpolation. Everywhere on this line the
concentration is the same.
1.0 ppb contour

5. Continue the process for all of the lines and data points.
© 2019 Kristin L. Gunckel, Garrett Love, Judy Cooper-Wagoner, Beth A. Covitt, Alan Berkowitz, John C. Moore. All Rights Reserved.
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Discussion and Argument Questions:
After you have contoured your map, compare your map with classmates’ maps. Use the maps
discuss and argue about the following questions. Be sure to include evidence and reasoning for
your claims.
1. What does this map suggest to you about where the contamination is coming from?
Be sure to explain why.

2. Where are you most uncertain about where you drew your lines? Why?

3. What would happen if you had data from more wells? How would it make drawing
the map easier or harder or both?

Now compare your map to the map made by the Environmental Protection Agency (EPA).
4. How is your map similar to or different from the EPA map?

5. What are some reasons for this variability?
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1.4-Dioxane Concentration Contouring Map

North

0.5 mile
0.5
Well and 1,4
Dioxane
concentration in
ppb measured in
2016
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Lesson 3: Computer Models: Modeling Plume Shape

Learning Goals: H1, D1, D2, D3, D4, D5, C1, C2, C3, C4
Activity
#

Activity Label

1

How has the
contamination
plume
changed over
time?

2

4

Net Logo
Modeling

Interpretation
of contouring
representation
s

Activity
Function

Establish
Question

Explore

Explain &
Reflect

Activity Procedures
1. Building from the previous day, establish the
driving question for the day: How has the
contamination plume changed over time?
2. Point out that hand contouring maps for each
year would be time consuming. Introduce the
idea that a computer model could be helpful for
generating maps quickly for comparison.
3. Have students follow the directions on Student
Task 1-3 to use Net Logo to model the plume
shape. One advantage of the model is that the
computer will quickly contour lots of data
points.
4. If time permits, use the TARP Plume Change
Series 2006-2016 (pages 23-33) to show a quick
time series of changes in plume shape. Help
students see that the contamination is flowing
from south to north.

Materials Needed

1.Net Logo Concentration Contouring
Model on ecoapps
https://ecoapps.nrel.colostate.edu/netl
ogo/
2.Options for Using Net Logo in Teams
handout
3.Student Task 1-3: Using Net Logo to
Contour 1,4 Dioxane-Contamination
4.TARP Plume Change Series 2006-20016

5. To conclude this module, help students use the
maps to understand the following principles:
a. All maps are interpretations of the data.
b. More data makes maps more accurate
but also more complicated.
c. Contour intervals must match the data.
a. Maps are more uncertain along the edges
(boundaries) where there are fewer data.
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Options for Using Net Logo in Teams

There are several options for using Student Task 1-3 in teams.

1. Student Task 1-3 distributes the work across four team members so that each team member is
responsible for manipulating the model.
a. All team members log in to the EcoApps website (steps 1-3)
b. Team member #1 runs the model the first time (steps 4-10)
c. Team member #2 changes the contour interval and runs the model a second time (step 13).
d. Team member #3 changes the year and runs the model again (step 15).
e. Team member #4 changes the year a second time and runs the model again (step 16).
2. You can have all students share one Student Task 1-3 work sheet and include everyone’s name
or you could have each student be responsible for their own Student Task 1-3 work sheet.
a. If teams turn in one Student Task 1-3 worksheet as a team, the team member
responsible for running the model would enter screen shots and group answers for their
assigned steps.
b. If each team member turns in their own Student Task 1-3 worksheet, each team
member takes their own screen shots and writes group answers after each model run.
All team members see the same image on their computers.

Class Discussion and Argument Questions:
Use these questions as a guide for whole class or small group conversations. Students do not write the
answers to these questions.
1. What do these maps tell you? What patterns do you notice? What might be some possible
hypotheses to test that would explain these patterns?
Elicit student interpretations. They will likely notice similar patterns to the patterns on their
own contour maps and the EPA maps.
2. Where do you think the contamination sites are located? What is your evidence?
Elicit student interpretations. Ask for evidence. Ask students to consider how they would
test their hypotheses.
3. Where do you predict that the contamination plume would go next? Why do you think this?
The highest concentrations were in the southeast near the airport in 2006 and are more
towards the middle and northeast in 2016. This suggests the plume is moving from
southeast to northwest. In the future it will probably continue to move in that direction.
4. What are some advantages and disadvantages of using computers to model the contamination
data?
Computer models can model the data faster to generate maps quickly. This allows us to see
how the plume has changed over time and possibly predict where the plume may go in the
future. However, computer models are only as good as the data and the rules programmed
in.
5. Why are the contour interval and year used in each map important to pay attention to?
If the contour interval chosen should match the scale of the data. If the contour interval
chosen is too large, important details are missed. If it is too small, the contours are
meaningless. The year is important to pay attention to because there is different data for
each year. In comparing maps, you have to know which year is used.
© 2019 Kristin L. Gunckel, Garrett Love, Judy Cooper-Wagoner, Beth A. Covitt, Alan Berkowitz, John C. Moore. All Rights Reserved.

17

Comp Hydro Arizona: Student Page
6. Where on the maps are you most certain that the map is correct? Where on the map is there the
most uncertainty that the map is correct? Why?
7. What is the effect of having more data? What are the trade-offs in uncertainty vs. complexity?
By now students may be recognizing that real data can be complex and noisy. They may
increase confidence (certainty), but they also increase messiness that must be filtered.
8. How do you know if the computer is “right”? Where are you more confident about the model and
less confident? How can you increase your confidence in what the computer model produces? How
can you identify error?
As with question #3, students can discuss the benefits and drawbacks of interpreting
computational models. Students should be developing a skepticism of all interpretations
and asking whether the representations make sense based on the data. Depending on how
students set minimum-to-draw sliders and contour intervals, students may get more or less
complex representations. Explore with students the benefits and drawbacks of the more
complex representations. Likely, the representations with smaller contour intervals show
more detail than is actually supported by the data.
9. What happens along the edges of the map? What assumptions do you have to make about how to
handle the areas on the edges of the data (boundaries)?
Students may notice that the edges of the Net Logo contoured images are fuzzy and not well
defined. Depending on how they set the minimum-to-draw slider and contour intervals,
students-generated Net Logo representations may fill the entire image with color. Have
students question if there is data to support this interpretation. Eventually, students should
begin to realize that the edges (boundaries) are the least certain areas because of the lack of
data. Computers, however, have to do something with these areas and it is up to the user to
either program in (code) or set conditions that tell the computer what assumptions to make
at the boundaries.
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Student Task 1-3: Computer Models: Modeling Plume Shape
Name:
Team Members:
Driving Question: How has the contamination plume changed over time?
Today you will look at a computer model of the 1,4 Dioxane contamination and compare it to
your contour map. You can also look at how the map for different years from 2006 to 2016.
1. Go to the Net Logo Remote Server
https://ecoapps.nrel.colostate.edu/netlogo/
Your teacher will assign you to a Username and Password.
Enter the username and password into the Guacamole box
and click “Login.”
2. Click on your assigned desk

3. Choose “Tucson Contour” from the list. Click the OK button at the bottom of the page
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Team member #1:
4. Move the speed slide to the right towards “faster.”
5. Click the “Setup” Button.
6. Select the year you wish to
model. For the first time,
choose 2016.
7. Click “Add all wells.”
8. Set the other scales
a. Interval: 2.0 ppb
b. Base Contour: 1.0
ppb
c. Minimum
Concentration to
Map: 1.0 ppb
9. Run the model by clicking the
“Contour Concentrations”
button. You may have to wait a
few seconds for the model to
generate your map.
10. Once the map is generated, you may see the map with or without the wells by clicking the
“Wells” button at the bottom of the page.
11. Take a screen shot of your map and insert it here:
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12. How does the computer-generated contour map compare to the contour map you drew?
What is similar? What is different? Why?

Team member #2
13. Change the contour interval
The contour interval is the difference between two contour lines. On a map of
concentration of contamination it is the difference in concentration between two contour
lines. The map you drew and that the computer just modeled has a contour interval of 2
ppb (parts per billion). Now try making a map with the contour interval of 1.0 ppb.
a. Click “Setup”
b. Set Year-to-smooth: 2016
c. Click “add all wells”
d. Set base-contour: 1.0 ppb
e. Set Interval: 0.5 ppb (this is the contour interval).
f. Set min-concentrations-to-smooth: 1.0 ppb
g. Click “Contour Concentrations”
h. Insert a screenshot of your map here:
Contour Interval 0.5 ppb

14. Which map is more accurate (contour interval of 2.0 ppb or contour interval of 0.5 ppb)?
Why?
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Team member #3
15. Change the year
This model has well 1,4 dioxane concentration data for years 2006 to 2016. Choose a
different year to model to see how it compares to 2016.
a. Click “Setup”
b. Set Year-to-smooth: Choose a year between 2006 and 2016
c. Click “add all wells”
d. Set base-contour: 1.0 ppb
e. Set Interval: 2 ppb (this is the contour interval).
f. Set min-concentrations-to-smooth: 1.0
g. Click “Contour Concentrations”
h. Insert a screenshot of your map here:
What year is your map?___________

Team member #4
16. Repeat step #15 with another year (if you have time)
What year is your map?___________

17. What do your maps tell you about how the 1,4 dioxane plume is changing or moving?
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TARP Plume Change Series 2006-2016
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Module 2: Shape of the Water Table
Driving Question: What is the shape of the water table under the Sunnyside/ south Tucson
area?
Overview:
Lesson 1: Physical Piezometer Model of Water Table (OPTIONAL)
Purpose: To develop an understanding of how well data are collected and used to model
the 3-D shape of the water table.
Lesson 2: Physical Model Contouring Water Table Elevations
Purpose: To contour the water table
To provide practice drawing and interpreting contour lines
To explore issues of uncertainty and discretization in data and modeling
Lesson 3: Net Logo Regional Water Table in 2D and 3D
Purpose: To use contour maps of the regional water table to model the water table in
three dimensions.
To further develop interpretation of plan view and cross-section views.
To explore issues of uncertainty in data and modeling, trade-offs in
discretization of cell size in a model, and boundary effects.
Learning Goals:
Hydrologic (H)

1. Water Tables and Aquifers:
Students will be able to
describe (slope and aspect)
the regional water table as a
surface located in a 3dimensional space
underground.
2. Groundwater-Surface Water
Relationships: Students will
be able to describe the
relationship of surface water
to groundwater systems.
3. Groundwater Flow Drivers:
Students will be able to
interpret direction of
groundwater flow in an
unconfined aquifer from high
gravimetric potential (head)
to low gravimetric potential
using a variety of
representations and models.

Data (D)
1. Interpolation of Data:
Students will be able to
interpolate data in order to
contour contamination
concentrations and water
table elevations.
2. Visualization: Students will
be able to interpret 3D
shape of water table from
plan and cross-section views
of contour maps.
3. Uncertainty: Students will
be able to recognize where
missing data contribute to
uncertainty.
4. Noise and Complexity:
Students will be able to look
for trends in noisy data and
recognize that more data
often leads to more
complexity.

Computational (C)
1. Discretization: Students will
be able to discuss how size of
discrete intervals (cell size or
contour interval) affects
models and representations.
2. Parameterization: Students
will be able to divide the
problem-space into discrete
cells and assign variables to
those cells based on
properties of the system.
3. Iteration: Students will be
able to explain that
computers repeat a sequence
of commands many times
(iterate) to complete a task.
4. Models as Best
Approximations or Estimates
(uncertainty): Students will
be able to explain that
computer models are best
estimates based on the data
available
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Lesson 1: Physical Piezometer Model of Water Table (OPTIONAL)

Learning Goals: H1, H2, H3, D1, D2, (D3, D4)
In the last module students realized that the contamination was flowing underground. To understand the processes that move the
contamination, students need to be able to visualize the water table.
Activity
#

Activity Label

1

What is the
shape of the
water table?

2

Piezometer
model

Activity
Function

Establish
Question

Explore
& Model

Activity Procedures
1. Show students the Groundwater tank flow model. Using a
dry erase marker, draw a line on the tank that shows the
water table (interface between saturated and unsaturated
zone). Define the water table as the top of the aquifer
where water fills the spaces between the sand and gravel
(saturated zone).
2. Introduce the driving question: What is the shape of the
water table in the south Tucson area?
3. Explain to students that hydrologists figure out how deep
the water table is by measuring the depth to water in a
well called a piezometer (a piezometer is just a well with
no pump used to measure water table elevation).
4. Draw or project the diagram of the piezometer on the
board.
5. Explain how the elevation of the water table is measured.
Distinguish between the depth to water (relative to the
ground surface or well top) and the water table elevation
(absolute).
6. Demonstrate how students will measure the water table
depth and calculate the water table elevation.
7. Assign students to teams to measure the groundwater
level in 10 piezometers arranged outside. Have students
measure the well water depth and calculate the elevation
of the water in the wells. Have students mark the water
level in the well with blue tape.
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Materials Needed
1. Groundwater flow tank model
for reference
2. Dry erase marker

1. 10 Piezometers with stands
2. Tape measures, rulers, or yard
sticks (English units)
3. Sponge and string measuring
strings and/or water detectors.
4. Blue tape
5. Calculators
6. Paper towels
7. Piezometer Setup
Measurements handout
8. Piezometer Setup Map handout
9. Student Task 2-1
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Activity
#

Activity Label

3

Understanding
the model

Activity
Function

Explain
and
Reflect

Activity Procedures

Materials Needed

8. Use blue string to outline the water surface (marked by
blue tape). Use brown string to outline the ground surface
too.
9. If time permits, measure out several contour lines (see
optional section on pages 6 & 7). Note that water would
flow perpendicular to the contours.
10. Use Discussion and Argument Questions (page 7) to point
out the following features represented the model.
a. Water table
b. Slope of the water table
c. Relationship between surface and water table,
including rivers
d. Depth of water table (where it is deepest &
shallowest)
e. Direction of water movement in aquifer
11. Use the Discussion and Argument Questions to discuss
a. Orientation of contour lines
b. Uncertainty and complexity

1. 10 Piezometers with stands
2. 2 rolls of string, different colors
3. Tape measures, rulers, or yard
sticks (English units)
4. 10’ lengths of white string (for
contour lines)
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Module 2, Lesson 1; Task 1

Piezometer Model (OPTIONAL)

Materials
1.
2.
3.
4.
5.
6.
7.
8.
9.

10 Piezometers with stands
Tape measures, rulers, or yard sticks (English units)
Sponge and string measuring strings and/or water detectors.
Blue tape
2 rolls of string, different colors
10’ lengths of white string
Calculators
Water table calculation sheets
Paper towels

Piezometer Set-up
1.
2.
3.
4.

Find a large open space, preferably outside, to set up the model.
Locate the north direction.
Fill the piezometers with water according to the Piezometer SetUp Measurements (page 9)
Arrange the piezometers according to the Piezometer Setup Map (page 10), paying attention to
where North is. Use the grid on the map to aid in relative placement of piezometers.

Methods of Measuring and Marking Water Level

1. Attach a small piece of cellulose sponge to a string.
2. Drop sponge into top of piezometer. With care, you will be able to tell when the string feels
slightly unweighted.
3. Pinch the string where it comes out of the top of the piezometer.
4. Without letting go of the pinch point, pull the string out of the piezometer.
5. Measure the distance from the top of the sponge to the pinch point in inches.
6. Repeat at least three times to get consistent measurements.
7. Record the most consistent measurement on your handout.
8. Place a piece of blue tape on the outside of the piezometer to mark water level at this point.
9. Use the data you recorded on your handout to find the water table elevation.

Marking Ground Surface and Water Table

1. Use string to connect all ground surface elevations on piezometers. Connect piezometers to
make a continuous line around the outside of the array. This line outlines the ground surface.
2. Use a blue string to connect to connect all blue tape marks on piezometers. Connect
piezometers to make a continuous line around the outside of the array. This line outlines the
water table.

Marking Contours (optional)

1. Decide on an elevation for a contour line. For example, begin with the 2300 ft contour, which
would be 30 inches off the ground.
2. Use a tape measure or meter stick to measure where the water elevation string is 30” off the
floor on each side of the array.
3. Use a piece of string that is longer than the piezometer array is wide. Stretch the string across
the piezometer array, with one student holding the string at each end. Have students hold the
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string so that it touches the water table string at the point where the water table string is 30” off
the ground or floor. The horizontal string now represents the 2300 foot elevation line.
4. Repeat with several strings to mark several contour lines. Decide on an interval contour lines so
that each is the same vertical interval. For example, the 2400 foot elevation line would be 40”
off the ground and the 2200 foot elevation line would be 20 inches off the ground.

30” off
ground =
2300 ft.
contour

Water
Elevation

Piezometer

Water Table String

Questions for Discussion and Argument
Hydrology Questions

1. What is the general shape of the ground (land) surface? Which direction does it slope?
Students can walk around the outside of the model and look at it from all directions. We
want student to recognize that they are looking at a representation of the land
groundwater in cross-section (from the sides). Students should see that the land surface
slopes gently towards north northwest.
2. What is the general shape of the water table? Which direction does it slope?
Students should see that the water table also slopes gently north and is also tilted a
little to the west towards the direction of the Santa Cruz River.
3. What does the water table represent?
The water table represents the top of the saturated zone. All the pore spaces below the
water table are filled with water. The blue string outlines the top of this saturated zone.
4. How does the shape of the water table relate to the shape of the ground surface? Where is the
water table deeper? Where is it shallower?
The water table slopes a little more steeply than the land surface. The water table is
shallower on the southern end and deeper on the northern end.
5. Groundwater moves underground. Based just on elevation differences, which direction would
the water likely be flowing?
Groundwater flows from high potential energy to low potential energy. In unconfined
aquifers, this means it generally moves from highest elevation to lowest elevation.
6. What would cause the elevation of the groundwater to change?
If water infiltrates into the ground from the surface, the groundwater is recharged and
the water table would rise. When groundwater flows out of the ground or is pumped
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from the ground, the water table would fall. There is some recharge of groundwater
from storms during the monsoon, especially along the mountain edges. However, there
is more water being pumped from the groundwater than is being recharged and the
water table is steadily dropping. Students can slide the blue water table string up and
down the piezometers to represent changes in the water table elevation
7. What would we see on the land if the water table elevation was the same as the ground surface
elevation?
Students can slide the blue water table string up and down the piezometers to the point
that the water table is even with the ground surface. At this point, the water would be
on the surface of the land and would collect or flow on the surface. This situation
represents a spring and if there is enough water, a stream will form. This happens in the
mountains around Tucson.
8. Why does the land surface and water table dip down slightly in the far southwest corner?
We don’t have enough data from this set to really know the reason for this shape. One
possible explanation for this dip is that the Santa Cruz river is not far from this well
location.

Data Questions

1. What is the orientation of the contour lines relative to the orientation of the water table?
Students should notice that the contour lines run across the slope of the water table (or
ground surface). Help students visualize this orientation. Students may contour these
lines on a map. Also help students see that the flow direction is perpendicular to the
contours. A large arrow drawn on a piece of paper and placed across the contours could
help make this point.
2. Where would you like to have more data? Where would you drill an additional well to increase
confidence in the model?
Students may point out that the piezometers are not evenly spaced. They may want to
see more data on the west and north sides especially. Students should be able to give a
reason for where they want more data and what it might help them better understand.
3. How would data from more wells change this model?
Students might say that more data would increase confidence, but it might also increase
the complexity. Larger data sets can be noisy and one has to look for overall trends
across many data points. Therefore, more data might make it more difficult to find the
overall trends, but the trends that they do find they might feel more confident in.
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Piezometer Water Table Model
Materials
PVC
50 ft of 1 in diameter PVC , schedule 160 or 200 light weight
12 1” PVC caps
Wood stands
3 pine or fir 1X8X8 boards (base)
3 pine or fir 2X2X8 vertical supports
3 pine or fir 1X2X8 base boards
Clips
9 Tool hanging clips comes with screws (ACE hardware)
Screws
24 1 ½ in deck screws for the support posts
24
¾ in deck screws for the support base board
Drill bit
1 ½ wood bit to make stand hole, drilled about ¼ in into the base
Other
Blue paint masking tape
Blue yarn
Graduated Cylinders ( 1 liter)
Bucket
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Piezometer Setup Measurements
Piezometer
code

Piezometer
height (in)

Elevation
top
piezometer
(ft)

Surface
elevation
(ft)

Water
table
elevation
(ft)

Depth to
water (ft)

Surface in
inches
below PZ
top

Depth to
water from
surface (in)

Depth to
water from
top of PZ
(in)

height of
water
column
(in)

water
volume
(ml)

A 238
B 701
C 240
D 241
E 084
F 082
G 078
H 057
I 112
J 075

52
52
54
54
54
58
58
60
58
60

2520
2520
2540
2540
2540
2580
2580
2600
2580
2600

2446
2453
2473
2464
2503
2497
2513
2525
2500
2555

2286
2294
2344
2306
2402
2411
2441
2438
2438
2486

160
159
128
158
101
87
72
87
62
69

7.36
6.70
6.74
7.65
3.66
8.27
6.73
7.47
8.00
4.53

16.05
15.92
12.85
15.77
10.12
8.66
7.17
8.73
6.20
6.87

23.41
22.62
19.59
23.42
13.78
16.93
13.90
16.20
14.20
11.40

28.59
29.38
34.42
30.58
40.22
41.07
44.10
43.80
43.80
48.60

395
400
475
520
555
565
610
600
600
670
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Piezometer Set-up Map
A

B

C

D

E

1

North

2

3

Grid size is
relative to aid in
placement of
piezometers.

Piezometer Code
A 238
Well Code
Piezometer Label

4

5
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Student Task 2-1: Piezometer Data and Water Table Elevation
Calculations
Name:
Driving question: What is the shape of the
water table in the south Tucson area?

Water
Depth (5)

Surface (ground)
Elevation (2)
Water Table
Elevation (7)

1. Piezometer 2. Surface
Label
Elevation
(ft)
Example

2480 ft

3. Top of
tube to
surface
elevation
(in)
3 3/8 in =
3.38 in

Fraction to decimal conversions
1/16 = 0.06
5/16 = 0.31
2/16 (1/8) = 0.13
6/16 (3/8) = 0.38
3/16 = 0.19
7/16 = 0.44
4/16 (1/4) = 0.25
8/16 (1/2)= 0.50

Directions
1. Piezometer label (written on tube)
2. Surface elevation (written on tube)
3. Measure the distance from the top of the tube
to the surface elevation line (in inches). Write in
decimal form ex: 1¼ inches = 1.25 inches .
4. Drop the sponge and string into the tube. Stop
when the string will no longer go down. Pinch
the string at the top of the tube. Remove the
string (without letting go of the pinch). Measure
the distance from the sponge to the pinch (in
inches).
5. Subtract #3 from #4 to determine the depth to
the water from surface.
6. Change scale. 1” = 10 feet. Multiply #5 X 10
Ex: (20.25 inches) X (10 ft/inch) =
7. Subtract #6 from #2 to determine the elevation
of the water table. Round to the nearest foot.
4. Distance
from top of
tube to
water (in)

5. Depth
to water
(in) - #4
minus #3

6. Change
scale to ft.
1”=10’ -#5X10

13 6/8 =
13.75 in

13.75-3.38
= 10.37 in

10.37X10 =
103.7 ft

9/16 = 0.56
10/16 (5/8) = 0.63
11/16 = 0.69
12/16 (3/4) = 0.75

Elevation
of water
table (ft) #2 minus
#6
2480-103.7
= 2376.3 ft
Rounded to
2376 ft

13/16 = 0.81
14/16 (7/8) = 0.88
15/16 = 0.94
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Lesson 2: Contouring Water Table Elevations

Learning Goals: H1, (H2), H3, D1, D2, D3, C1
Activity
#
1

2

Activity Label

Activity
Function

How can
contours
represent the
shape of the
water table?

Establish
Question

Contouring
water table
elevation

Model
and
Explore

Activity Procedures

Materials Needed

1. Review the previous day’s activities with the piezometer model.
2. Establish the driving question: How can we use contours to
represent the shape of the water table on a map?
3. Introduce the table-top piezometer model.
4. Demonstrate how to use the string to outline the water table
(outlining the ground surface is optional).
5. Working in pairs, have students outline the water table on their
models using string.
6. Demonstrate how to contour the water table using rulers and
straws or pipe cleaners. Point out the water table elevations are
already drawn on the map. Remind students that these are the
same water table elevations that they measured in the previous
lesson. Draw an example contour line on the map. Emphasize that
the contour line connects points of equal elevation; that is, the
water table is the same elevation everywhere along the line.
7. Working in pairs, have students contour their models. You may
choose to have some pairs use a 50 ft contour interval and other
groups use the 25 ft contour interval.
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For each pair:
1. Table Piezometer Model
2. Rulers
3. Vis a vis or dry erase
markers
4. Pipe cleaners or straws
5. 2 string (one for water
table; 1 for ground –
ground is optional)
6. Student Task 2-2:
Contouring Water Table
Evaluation
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Activity
#

Activity Label

3

Analysis and
Discussion

Activity
Function

Explain
and
Reflect

Activity Procedures

Materials Needed

8. Have students compare maps drawn with 25 ft contours and 25 ft 1. Key to Contoured Water
contours.
Elevations
9. Discuss with students affordances and limitations of different
2. EPA Map of
contour intervals (see discussion questions page 13).
Contamination Plume for
10. Discuss the flow of groundwater and the movement of the
reference.
contamination plume (see discussion questions page 13). You may
refer to EPA map of contamination plume (page 14).
11. A key is provided for reference (page 15). You may choose to
project it during the discussion.
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Discussion Points and Argument Questions
1. How do the contour maps with different contour intervals compare? Which maps are best?
Consider ease of reading, amount of information conveyed, and relationship to the data.
Important points to draw out in this conversation are:
• Certainty and confidence increase where there is more data. One cannot confidently
draw contour lines that extend very far beyond the wells because there is no data
available for guidance.
• Very large contour intervals may not provide enough detail for some purposes, but
very small contour intervals may be too complex to other purposes. Surfaces drawn
with very small contour intervals may also not be valid because there is not enough
data to draw the contours confidently at a small interval.
2. Which way does the groundwater flow?

Points to emphasize:
•

•
•

Groundwater flows from highest potential energy to lowest potential energy. In
unconfined aquifers, the highest potential energy is where the water table is highest
in elevation and the lowest potential energy is where the water table is lowest in
elevation.
The flow direction is perpendicular to the water table contours.
Notice that the water table contours and contamination plume contours are
perpendicular to each other and that the flow of groundwater is in the same
direction as the contamination plume seems to be moving. The contamination
follows the flow of groundwater from high elevation to low elevation.

Word did not find any entries for your table of contents.
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Water Table Model Directions

Materials:

1. Particle board (¾”x 8 ½”x 11 ½”)
2. Wooden dowels, 6” length (10 per model)
https://www.dollartree.com/crafters-square-wood-dowels-12ctpacks/291114
3. Light blue paint
4. Brown paint
5. Black sharpie marker
6. Copy of well map
7. Copy of ruler
8. Masking tape
9. Laminating film
10. String
11. Chenille stems
12. Expo markers (thin-tipped)
13. Drill press
14. Laminator

Sky
Ground
Surface
Water Table

Assembly

1. Dowels represents wells A-I. Label each dowel end with a letter.
2. Paint wooden dowels

Dowel A (Well 238)
2.13”

1.62”

2.25”

paint sky light blue

paint ground surface brown

paint water table blue with specks of brown to represent soil particles

Dowel B (Well 701)
sky – 2”
ground surface – 1.56”
water table – 2.44”
Dowel C (Well 240)
sky – 1.71”
ground surface – 1.33”
water table – 2.96”
Dowel D (Well 241)
© 2019 Kristin L. Gunckel, Garrett Love, Judy Cooper-Wagoner, Beth A. Covitt, Alan Berkowitz, John C. Moore. All Rights Reserved.
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sky – 1.96”
ground surface – 1.58”
water table – 2.46”
Dowel E (Well 084)
sky – 1.5”
ground surface – 1”
water table – 3.5”
Dowel F (082)
sky – 1.5”
ground surface – .5”
water table – 4”
Dowel G (Well 078)
sky – 1.5”
ground surface – .69”
water table –3.81”
Dowel H (Well 057)
sky – 1.19”
ground surface – 1”
water table – 3.81”
Dowel I (Well 112)
sky – 1.5”
ground surface – .69”
water table – 3.81”
Dowel J (Well 075)
sky – 1”
ground surface – .5”
water table – 4.5”
3. Print and laminate copy of well map.
4. Tape well map to particle board to secure for next step.
5. Drill press ¼ diameter holes into particle board with well map on top. Align drill press with black
circles on the map. Wooden dowels will fit snuggly into the holes.
6. Print rulers and laminate (1 ruler per model).
7. Cut string into 36” length (1 string per model).
8. Cut chenille stem in half (1 per model).
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Contoured Water Table Elevations Key
(approximate key)

North
2286 ft
0.5 mile
2294 ft

2344 ft

2306 ft

2402 ft

2411 ft

2441 ft

2438 ft

2438 ft
2486 ft
Contour interval 50 ft
© 2019 Kristin L. Gunckel, Garrett Love, Judy Cooper-Wagoner, Beth A. Covitt, Alan Berkowitz, John C. Moore. All Rights Reserved.

20

Comp Hydro Arizona: Module 2 – Shape of the Water Table

Arizona Department of Environmental Quality Map of Contamination
Plume

Arizona Department of Environmental Quality (Cartographer). (2004). 1,4-Dioxane Plume, TIAA CERCLA Site, Tucson,
Arizona.

© 2019 Kristin L. Gunckel, Garrett Love, Judy Cooper-Wagoner, Beth A. Covitt, Alan Berkowitz, John C. Moore. All Rights Reserved.

21

Comp Hydro Arizona: Student Page

Name:

Student Task 2-2: Contouring Water Table Elevation

Driving Question: How can we use contours to represent the shape of the water table on a
map?
Set Up Your Water Table Model
1. Make sure the dowels are inserted into the correct well holes on
the model.
2. Using one string, connect the top of the water table on each well. It
is easiest to connect in a circular pattern around the outside, but be
sure to include all of the wells.
3. Using the other string, connect the top of the ground surface on
each well (optional).

Sky
Ground
Surface
Water Table

4. Answer these questions:
a. Where is the water table highest in elevation?
b. What is the general shape of the water table?
c. Where is the water table deepest (greatest distance between the ground surface
and the water table?
d. Which direction would the groundwater flow? Why?

Contour Your Water Table Map
The red numbers on the map are the elevation of the water table at each well. These are the
elevations you measured in the piezometer tubes. Contour lines connect points of equal
elevation. They can represent the three-dimensional shape of the water table.
1. On your model, place a pipe cleaner or straw across the strings so that the pipe cleaner
looks like it is level. The pipe cleaner or straw is showing you where the elevation of the
water table (the strings) is the same on both sides of the model.
2. Now move the pipe cleaner so that it is along the 2450 ft. elevation point. To figure out
where this point is, place the ruler vertically next to string near well J with the 1 end
down. Move the ruler along the string towards well I until the string is at 2450 ft on the
ruler. This point represents where the water table is 2450 ft. in elevation.
3. Use the marker to place a dot on the map at that point.
4. Repeat steps 3 & 4 beginning near well J and moving towards well H.
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5. Place your pipe cleaner across the water table string above the two marks you made on
the map. Your pipe cleaner should be level. The water table is 2450 ft. in elevation
everywhere along the pipe cleaner.
6. On the map, use the marker to draw a line that connects the two dots. This line should
be under the pipe cleaner. Mark this like 2450 ft. This is your 2450 ft. contour line. All
points on the water table along this line are 2450 ft in elevation.
Comparing Contour Intervals
The contour interval is the vertical elevation difference between adjacent contour lines.
Different maps have different contour intervals, depending on what fits the data the best.
1. Draw the water table elevation contour lines with an interval of either 50 ft or 25 ft. Use
the steps above and the information in the table below to draw the contour lines. Be
sure to write the elevation of each contour line you draw on the map.
50 Foot Contour Interval
Water Table
Mark the map where the
Elevation
string is this high off the
map.
2400 ft
3.5 inches
2350 ft
3.0 inches
2300 ft
2.5 inches

25 Foot Contour Interval
Water Table Mark the map where the
Elevation
string is this high off the
map.
2425 ft
3.75 inches
2400 ft
3.5 inches
2375 ft
3.25 inches
2350 ft
3.0 inches
2325 ft
2.75 inches
2300 ft
2.5 inches

2. Write the contour interval somewhere on the map.
3. Groundwater flows from highest elevation (potential energy) to lowest elevation
(potential energy). Draw an arrow on the map that shows the direction that water will
flow. Your arrows should be perpendicular to the contour lines.
4. Compare your map with the map of the other people at your table. Discuss the

advantages and disadvantages of each map. Consider how much information it shows,
how much data is needed to draw the contours, and how much work is involved.
Which contour interval would be best for this map?
a. 100 ft
b. 50 ft
c. 25 ft
d. 10 ft
Explain the reasons for your choice.

Clean up your Model
1. Carefully take the string off the model. Wrap it into a neat ball.
2. Use a damp paper towel to wipe off all your marks on the map.
© 2019 Kristin L. Gunckel, Garrett Love, Judy Cooper-Wagoner, Beth A. Covitt, Alan Berkowitz, John C. Moore. All Rights Reserved.
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Water Table Elevations

North

0.5 mile
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Lesson 3: Regional Water Table in 2D and 3D
Learning Goals: H1, H2, H3, D1, D2, D3, D4, C1, C2, C3, C4
Activity
#
1

2

Activity Label
What does the
regional water
table look like?
Explore colored
contour map of
regional water
table

Activity
Function

Activity Procedures

Materials Needed

Establish
Question

1. Establish the driving question: How does the shape
of this water table relate to the water table in the
overall region?

Model and
Explore

2. Show the Regional Water Table document (detailed
directions on page 20).

1. Regional Water Table document
2.
1. 3D Net Logo models
4X4 , 5X5, 10X10.
https://ecoapps.nrel.colostate.e
du/netlogo/
2. 10Z10AZeg-tabl (on Net Logo
remote server) for demo
(optional)
3. Student Task 2-3

3

Net Logo 3-D
model of
regional water
table

Model and
Explore

3. Lead students through creating and comparing the
4X4, 5X5, and 10X10 3D Net Logo models of the
regional water table. (Detailed directions on page 20).

4

Analysis and
Discussion

Explain &
Reflect

4. Discuss issues of discretization and parameterization.
5. Relate the modeled area to the larger regional water
table and the small area near the TARP Superfund
Site.

© 2019 Kristin L. Gunckel, Garrett Love, Judy Cooper-Wagoner, Beth A. Covitt, Alan Berkowitz, John C. Moore. All Rights Reserved.
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Regional Water Table Contour Maps and 3D Net Logo Model

Module 2, Lesson 3; Task 3

In this activity students will use what they know about water tables and reading contours to interpret a map
of the regional water table. They will have an opportunity to use the computer model to move between twodimensional and three-dimensional representations of the water table.
Driving Question: How does the shape of this water table relate to the water table in the overall region?
Show the Regional Water Table
1. Present the Regional Water Table document
2. Orient students to the map. Notice the major landmarks, including the mountain ranges and the
major washes/rivers. The oval represents the area of the TARP Superfund Site. The small dots are
well locations.
3. Use the following question to guide students in reading the map.
a. What does the colored area show? What do the large arrows show?
b. What is the contour interval?
c. Where is the water table highest? Where is it lowest?
d. Where is the water table steepest? Where is it flattest?

Regional Water Table Map

Translating the image into three dimensions using Net Logo.
You may choose to introduce students to this process by showing them a finished version located
on the Net Log remote server, such as elev10x10AZeg-tabl.nlogo3d (water table) or
elev10x10AZeg-surf.nlogo3d (surface topography). This will help them see what they are doing as
they move through the process of translating a 2D image into a 3D representation.
The process of translating the 2D image to 3D involves discretization – dividing up a continuous
parameter (slope) into discrete chunks that the computer can handle. In this process, students will
see how the size of the discrete chunks affects a) the quality of the resulting representation and b)
the work involved in making the representation.
1. Assign each group to one of three grid sizes from the Regional Water Table document
a. Slide 2 4X4 grid
b. Slide 3 5X5 grid
© 2019 Kristin L. Gunckel, Garrett Love, Judy Cooper-Wagoner, Beth A. Covitt, Alan Berkowitz, John C. Moore. All Rights Reserved.
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c. Slide 4 10X10 grid

4X4 Grid

5X5 Grid

10X10 Grid

2. Based on the map, each group will assign one color to each cell in their grids. Students will have to
decide on what basis they will assign colors (e.g., color that covers the most area or color at the
center of the cell). Students can write the colors on their Student Task Sheet.
3. Students open the appropriate Net Logo tool (Elevations4X4.nlogo3d, elevations5X5.nlogo3d,
elevation10X10.nlogo3d) and click the “Set-up” button.
4. Students use the pull-down menus for each cell to assign colors in Net Logo based on the table they
completed on their Student Task Sheet 2-3.
5. Each color on the map represents an elevation interval of 50 feet. The table below shows the
elevation intervals represented by each color on the map. In order to have Net Logo model this
slope, however, each color needs a single value. This step is the process of discretizing a continuous
parameter. Point out that there is also a consistent interval between the discrete elevation values
(50 ft).
Color
Light Yellow
Yellow
Dark Yellow
Light Orange
Orange
Dark Orange
Light Red
Red
Dark Red
Light Brown
Brown
Dark Brown

Elevation (ft)
interval
represented
2050-2100
2100-2150
2150-2200
2200-2250
2250-2300
2300-2350
2350-2400
2400-2450
2450-2500
2500-2550
2550-2600
2600-2650

Discrete elevation
(ft) for model
2075
2125
2175
2225
2275
2325
2375
2425
2475
2525
2575
2625

6. Students now enter the values in the table into the Net Logo model. More than one member of the
team can enter their values at the same time.
7. In the 3D space, students can rotate the block to see the three-dimensional shape of the water table.
8. There are pre-set versions of both surface elevations (elev10X10AZeg-surf.nlogo3d) and water table
elevations (elev10X10AZeg-tabl.nelogo3d). You can use these for comparison and discussion
purposes.

© 2019 Kristin L. Gunckel, Garrett Love, Judy Cooper-Wagoner, Beth A. Covitt, Alan Berkowitz, John C. Moore. All Rights Reserved.
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Investigations

1. Manipulate the 3D model to look at the array of columns from different angles.
2. Use the “Slice-X” and “Slice-Y” sliders to get cross-section slice view through the models.
3. Compare the 4X4, 5X5, and 10X10 grids.

Computational and Hydrologic Questions for Discussion and Argument
1. How would you describe the overall shape of the water table in the region modeled? Where does the
area of TARP fit in?
The water table is shaped kind of like a 3-sided bowl open and sloping (dipping) to the north
northwest. The water table is steepest nearest the Rincon Mountains. This is where water
flowing off the mountains recharges the aquifer. The water table under the TARP Superfund
site is part of the west side of the bowl in the area modeled.
2. What is the purpose of dividing the area into cells to make a computer model?
The cells allow you to divide up a continuous slope into discrete blocks that are all the same
elevation to enter into the computer model.
3. How do the 4X4, 5X5, and 10X10 grids compare?
a. Which grid gives the most detail?
10X10 gives the most detail because each cell covers the smallest area.
b. Which grid uses the most data?

10X10 uses the most data because it divides the area up into the most cells.

c. Which grid takes the least amount of time or work to model?
4X4 takes the least amount of time because there is the least amount of data to work
with.
d. Which grid do you think is best to make the model? Why?
This answer depends on trade-offs. Smaller cells give more detail but require more
data and more work.

© 2019 Kristin L. Gunckel, Garrett Love, Judy Cooper-Wagoner, Beth A. Covitt, Alan Berkowitz, John C. Moore. All Rights Reserved.
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Regional Water Table
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4X4 Grid
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5X5 Grid
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10X10 Grid
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Student Task 2-3: Regional Water Table Contour in 2D and 3D
Name:
Team Members:
Driving Question: How can we use the computer to show the three-dimensional shape of the water
table?
To translate a 2D image (colored map) to a 3D representation, you have to discretize the image by
dividing it into chunks that you can then tell the computer to use to make the 3D representation. To
do this, follow these directions.
1. Orient yourself to the Regional Water Table map. Notice the major landmarks, including the
mountain ranges and the major washes/rivers. The oval represents the area of the TARP
Superfund Site. The small dots are well locations.
a. What does the colored area show? What do the large arrows show?
b. What is the contour interval?
c. Where is the water table highest? Where is it lowest?
d. Where is the water table steepest? Where is it flattest?
2. Place a grid over the image. This is what you will use to divide up the area into discrete cells.
This step is done for you in the document. Check off the grid size you have been assigned to
use:
4X4
5X5
10X10
3. Assign colors to each cell.
The colors represent the average elevation of the area in that cell. There are two ways to
decide which color to assign. Choose one way and stick to it. Circle the method your team
will use:
a. Assign colors based on the color that covers the most area in the cell
b. Assign colors based on the color at the center of the cell.
Each team member will write the color of the cell in the appropriate grid on the next pages.
a. Team member #1: Upper left cells
b. Team member #2: Upper right cells
c. Team member #3: Lower left cells
d. Team member #4: Lower right cells
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X
Y

4X4 Grid
1

0
0
1
2
3

0
1
2
3
4

3

Team
member 1

Team
member 1

Team
member 2

Team
member 2

Team
member 1

Team
member 1

Team
member 2

Team
member 2

Team
member 3

Team
member 3

Team
member 4

Team
member 4

Team
member 3

Team
member 3

Team
member 4

Team
member 4

X
Y

2

0

1

Team
member 1

Team
member 1

Team
member 1

5X5 Grid
2

3

4

Team
member 1

Team
member 2

Team
member 2

Team
member 1

Team
member 1

Team
member 2

Team
member 2

Team
member 3

Team
member 3

Team
member 4

Team
member 2

Team
member 2

Team
member 3

Team
member 3

Team
member 4

Team
member 4

Team
member 4

Team
member 3

Team
member 3

Team
member 4

Team
member 4

Team
member 4
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X
Y

0
0
1
2
3
4
5
6
7
8
9

1

2

3

10X10 Grid
4
5

6

7

8

9

Team
member 1

Team
member 1

Team
member 1

Team
member 1

Team
member 1

Team
member 2

Team
member 2

Team
member 2

Team
member 2

Team
member 2

Team
member 1

Team
member 1

Team
member 1

Team
member 1

Team
member 1

Team
member 2

Team
member 2

Team
member 2

Team
member 2

Team
member 2

Team
member 1

Team
member 1

Team
member 1

Team
member 1

Team
member 1

Team
member 2

Team
member 2

Team
member 2

Team
member 2

Team
member 2

Team
member 1

Team
member 1

Team
member 1

Team
member 1

Team
member 1

Team
member 2

Team
member 2

Team
member 2

Team
member 2

Team
member 2

Team
member 1

Team
member 1

Team
member 1

Team
member 1

Team
member 1

Team
member 2

Team
member 2

Team
member 2

Team
member 2

Team
member 2

Team
member 3

Team
member 3

Team
member 3

Team
member 3

Team
member 3

Team
member 4

Team
member 4

Team
member 4

Team
member 4

Team
member 4

Team
member 3

Team
member 3

Team
member 3

Team
member 3

Team
member 3

Team
member 4

Team
member 4

Team
member 4

Team
member 4

Team
member 4

Team
member 3

Team
member 3

Team
member 3

Team
member 3

Team
member 3

Team
member 4

Team
member 4

Team
member 4

Team
member 4

Team
member 4

Team
member 3

Team
member 3

Team
member 3

Team
member 3

Team
member 3

Team
member 4

Team
member 4

Team
member 4

Team
member 4

Team
member 4

Team
member 3

Team
member 3

Team
member 3

Team
member 3

Team
member 3

Team
member 4

Team
member 4

Team
member 4

Team
member 4

Team
member 4
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4. Go to the Net Logo Remote Server https://ecoapps.nrel.colostate.edu/netlogo/
Your teacher will assign you a Username and Password. Enter the username and password into
the Guacamole box and click “Login.”

5. Click on your assigned desktop

6. Open Net Logo 3D model
a. If you have been assigned to a 4X4 grid, open: 3D_Contours_Model_4X4
b. If you have been assigned to a 5X5 grid, open : 3D_Contours_Model_5X5
c. If you have been assigned to a 10X10 grid, open: 3D_Contours_Model_10X10

Click the OK button at the bottom of the page.
© 2019 Kristin L. Gunckel, Garrett Love, Judy Cooper-Wagoner, Beth A. Covitt, Alan Berkowitz, John C. Moore. All Rights Reserved.
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7. Click the “Set-Up” Button on the upper left corner
8. Use the completed grid from step 4 to assign the colors to each cell in the Net Logo model.

9. Each color on the map represents an elevation interval of 50 feet. The table below shows the

elevation intervals represented by each color on the map. In order to have Net Logo model this slope,
however, each color needs a single value. This step is the process of discretizing a continuous
parameter. This process was started for you. Complete this table but assigning a discrete elevation
for the remainder of the colors using a 50-ft contour interval (difference between each discrete
elevation).
Elevation (ft)
Discrete elevation
Color
interval
(ft) for model
represented
Light Yellow
2050-2100
2075
Yellow
2100-2150
2125
Dark Yellow
2150-2200
2175
Light Orange
2200-2250
Orange
2250-2300
Dark Orange
2300-2350
Light Red
2350-2400
Red
2400-2450
Dark Red
2450-2500
Light Brown
2500-2550
Brown
2550-2600
Dark Brown
2600-2650

© 2019 Kristin L. Gunckel, Garrett Love, Judy Cooper-Wagoner, Beth A. Covitt, Alan Berkowitz, John C. Moore. All Rights Reserved.
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10. Enter these values into Net Logo.
11. Make sure the “Viz3D”
button is “on.”
12. Click the black down
arrow on the top left
and then click on 3D
to move to the 3D
version. To return to
the interface, click
the 3D and then click
on the “elevations
link.”

13. Now you can rotate, zoom, and move the 3D diagram
around to see different perspectives. Hover your mouse
over the diagram, click and hold, then move your
mouse to move the diagram.

If the labels on the
buttons are not
visible, just use the
diagram to the right
to identify the
buttons. The buttons
will still work.

Zoom: Lets you
zoom in and out.
Orbit: Lets you
rotate the model
Move: Lets you
move the block.

If you forget where you
started, click “Reset

© 2019 Kristin L. Gunckel, Garrett Love, Judy Cooper-Wagoner, Beth A. Covitt, Alan Berkowitz, John C. Moore. All Rights Reserved.
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14. Use the “Slice X” and “Slice Y” sliders to
slice through the block at various points to
get a cross-sectional view at that point. Be
sure to click “
Redraw” every time you change a slider.

Investigations
1. Manipulate the 3D model to look at the
array of columns from different angles.
2. Use the “Slice-X” and “Slice-Y” sliders to
get cross-section slice view through the
models.
3. Compare the 4X4, 5X5, and 10X10 grids.
Computational and Hydrologic Questions for Discussion and Argument
1. How would you describe the overall shape of the water table in the region modeled? Where
does the area of TARP fit in?

2. What is the purpose of dividing the area into cells to make the computer model?

3. How do the 4X4, 5X5, and 10X10 grids compare?
a. Which grid gives the most detail?
b. Which grid uses the most data?
c. Which grid takes the least amount of time or work to model?
d. Which grid do you think is best to make the model? Why?
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Module 3: How & Why Groundwater Flows
Driving Question: How and why does groundwater flow through the Sunnyside/ south Tucson
area?
Overview:
Lesson 1: Physical Model: Groundwater Flow Drivers and Constraints
Purpose: To develop an understanding gravimetric potential energy as a driver of
groundwater flow.
To develop an understanding of how permeability constrain groundwater flow.
Lesson 2: Paper Drawing Cross-Sections of the TIAA Superfund Area (OPTIONAL)
Purpose: To model the hydrologic stratigraphy under Tucson.
To consider how this stratigraphy would affect groundwater flow and
contamination flow.
To make connections across representations of groundwater systems
Lesson 3: Kinematic: Table Simulation of Computer Modeling of Groundwater Flow
Purpose: To model how computers simulate groundwater flow in agent-based models
To explore computational principles such as discretization, boundary
conditions, and parameterization.
To make connections across representations of groundwater systems
Lesson 4: Computer: Net Logo Groundwater Flow Models
Purpose: To apply understandings of head, permeability, and computational principles
to model groundwater and contamination flow. This activity also includes an
assessment embedded within the Net Logo model.
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3

Comp Hydro Arizona: Module 3 – Models of How and Why Groundwater Flows
Learning Goals:

Hydrologic
1. Groundwater Flow Drivers:
Students will be able to
interpret direction of
groundwater flow in an
unconfined aquifer from
high gravimetric potential
(head) to low gravimetric
potential using a variety of
representations and
models.
2. Groundwater Flow
Constraints: Students will
be able to identify the
pattern that water moves
faster through materials
with greater permeabilities
(e.g., clean sands and
gravels) and slower through
materials with lower
permeabilities (e.g., silts
and clays).
3. Groundwater Pathways:
Students will be able to
trace likely water pathways
through aquifers using a
variety of representations.

Data
1. Interpolation of Data:
Students will be able to
use well-data to
determine the
stratigraphic structure of
an aquifer.
2. Visualization: Students
will be able to interpret 3D
shape of water table from
plan and cross-section
views.
3. Uncertainty: Students will
be able to recognize
where missing data
contribute to uncertainty.
4. Noise and Complexity:
Students will be able to
look for trends in noisy
data and recognize that
more data often leads to
more complexity.

Computational
1. Discretization: Students will
be able to discuss how size of
discrete intervals (cell size or
contour interval) affects
models and representations.
2. Parameterization: Students
will be able to divide the
problem-space into discrete
cells and assign variables to
those cells based on
properties of the system.
3. Iteration: Students will be
able to explain that
computers repeat a sequence
of commands many times
(iterate) to complete a task.
4. Boundary Conditions:
Students will be able to
identify system boundaries
and explain how the
boundary conditions affect a
computational model.
5. Models as Best
Approximations or Estimates
(uncertainty): Students will
be able to explain that
computer models are best
estimates based on the data
available.

5. Comparing Models to Observations: Students will be able to
perform and adjust several runs of a model to falsify models
and work toward modeled and observed agreement.
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Lesson 1: Physical Model: Groundwater Flow Drivers and Constraints
Learning Goals: H1, H2, H3, C4
Activity
#

Activity Label

1

How and why
does
groundwater
flow?

2

Observing the
groundwater
flow model

Activity
Function

Establish
Question

Model &
Explore

3

Investigating
permeability

Explore &
Explain

4

Explaining
groundwater
flow

Explain &
Apply

Activity Procedures
1. Review with students that they now know where the
contamination originated (airport) and that it is
moving along the water table, which slopes to the
northeast.
2. Establish the next driving question: How does
groundwater flow through groundwater systems?
3. Set up the groundwater flow model according to the
directions of the manufacturer.
4. Help student identify key structures in the
groundwater system (e.g., water table, saturated
zone, unsaturated zone).
5. Demonstrate how groundwater moves through the
system, emphasizing gravity and pressure as driving
forces and permeability as a constraining factor.
Students notice direction of groundwater flow and
relative rates of flow.
6. In teams, students use permeameters to investigate
the rate of water flow through materials of different
grain size. Students observe that in general materials
with larger grain size transmit water more quickly and
thus have a higher permeability than materials with
smaller grain sizes. Students learn the terms
permeable layer, impermeable layer and apply them
to the groundwater model.
7. Use questions for discussion and argument to review
content learned in the lesson related to driving forces
(gravity and pressure) and constraining variables
(permeability) to explain how groundwater moves.

© 2019 Kristin L. Gunckel, Garrett Love, Judy Cooper-Wagoner, Beth A. Covitt, Alan Berkowitz, John C. Moore. All Rights Reserved.

Materials Needed

1. Groundwater flow model
2. Groundwater flow model supplies
and dyes
3. Dry erase marker
4. Student Task 3-1
5. Colored pencils for students

1. Permeameters (sand, gravel, &
sand-gravel mixture)
2. Beakers
3. Timers
4. Calculators
5. Student Task Sheet 3-2
Groundwater flow model
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Groundwater Flow Model
Module 3, Lesson 1; Task 1
Driving Question: How does groundwater flow through groundwater systems?
Set up the Groundwater Flow Model.
1. Set up the groundwater flow model according to the directions of the manufacturer.
2. For these demonstrations, the dye will show water movement and does not represent
contamination.
3. For these demonstrations, open the lake recharge holes.

Set up student observation sheets
1. Draw in the major layers from the groundwater simulator. Label the following:
a. Fine sand
b. Medium sand
c. Coarse sand
d. Clay layers

Investigating the water table
1. Turn the pump on to fill the saturated zone. Open the lake valve and the river valve.
2. Mark the water table using a dry erase marker.
a. Mark the water level in each well, the lake and the river.
b. Connect the water levels with a line to show the water table.
3. Label the following:
a. The water table (top of the saturated zone)
b. The saturated zone (pore spaces are filled with water all the time)
c. The unsaturated zone (pore spaces are usually not filled with water unless water is
draining through).

4. Move the pump so that it is not filling the recharge area. Observe what happens to the water

table. Mark the new level of the water table in a different color. Draw in the water table line on
the observation sheet as well.

5. Move the pump so that it is filling the water recharge area to the maximum rate. Observe and
mark what happens to the water table in a different color. Draw in the water table line on the
observation sheet as well.

6. Move the pump back so that it is not filling the recharge area. Attach the large syringe to well
#5. Pull a full syringe out of well #5. Observe and mark what happens to the water table in a
different color. Draw in the water table line on the observation sheet as well.

Investigating groundwater flow
1. Drop blue dye into well #3. Observe the pathway that the dye takes.
a. Note that the dye stays in the unconfined aquifer.
b. Draw in the pathway on the observation sheet.
c. Label the following on their observation sheets:
© 2019 Kristin L. Gunckel, Garrett Love, Judy Cooper-Wagoner, Beth A. Covitt, Alan Berkowitz, John C. Moore. All Rights Reserved.
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i. Unconfined aquifer – saturated zone that is open to the unsaturated zone.
2. Drop red dye into well #2. Observe the pathway.
a. How is this pathway similar to or different from the pathway from well #3?
b. Draw in the pathway on the observation sheet.
3. Drop green dye into well #1. Observe the pathways
a. How is this pathway similar to or different from the pathway from well #3?
b. Draw in the pathway on the observation sheet. Pay special attention to the color of the

water in the artesian wells. The green water should rise in these wells through artesian
pressure.
c. Label the following on their observation sheets:
i. Aquitard – zone that separates confined and unconfined aquifers.
ii. Confined aquifer – saturated zone below the aquitard.

4. Draw the following pathways
a. Into the river
b. Into the lake
5. If time permits, you may ask students what scenarios they would like to model in the
groundwater flow tank.

© 2019 Kristin L. Gunckel, Garrett Love, Judy Cooper-Wagoner, Beth A. Covitt, Alan Berkowitz, John C. Moore. All Rights Reserved.
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Questions for Discussion and Argument
Use these questions to engage students in making sense of the groundwater model, how water
moves through it, and how it relates to Tucson. These questions are on the student task sheet
3-1 but it is up to your discretion whether students write answers to them. Discussion may be
sufficient.
1. In Tucson, why would the water table rise or fall?

The water table rises during rain storms when more water infiltrates into the aquifer. The water table
drops when pumps on wells pull more water out of the aquifer than is infiltrating in.

2. What two factors determine the pathway that the water and contamination follows through the

aquifer? Be sure to explain how these factors affect water flow.
Water flows from high potential energy to low potential energy. In an unconfined aquifer, this means it
flows from where the water table is higher in elevation to where it is lower in elevation. The
water flows through coarser gravel faster than if flows through fine sand or clay. Coarse gravel
has higher permeability than fine sand or clay.

3. In what ways is this model like the real world? In what ways is it different?

The model shows how water moves through the sediment layers in the confined and unconfined
aquifers. It is different from the real world because the sides are impermeable. In the real world
the water is not confined by the sides, meaning the water would flow through and not be forced
upwards on the left side.

© 2019 Kristin L. Gunckel, Garrett Love, Judy Cooper-Wagoner, Beth A. Covitt, Alan Berkowitz, John C. Moore. All Rights Reserved.
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Student Task 3-1: Groundwater Flow Simulator Observation Sheet
Driving Question: How does groundwater flow through groundwater systems?
Draw in and label: Lake, river, stratigraphic layers (fine sand, medium sand, coarse sand, clay layers), water table, saturated zone,
unsaturated zone. Trace the flow of the contamination plume.

Septic
Tank
4

UST
3

7
5

8

2

1
6
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Questions for Discussion and Argument
1. In Tucson, why would the water table rise or fall?

2. What two factors determine the pathway that the water and contamination follows
through the aquifer? Be sure to explain how these factors affect water flow.

3. In what ways is this model like the real world? In what ways is it different?

© 2019 Kristin L. Gunckel, Garrett Love, Judy Cooper-Wagoner, Beth A. Covitt, Alan Berkowitz, John C. Moore. All Rights Reserved.
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Investigating Permeability
Module 3, Lesson 1; Task 2
Driving Question: How does sediment grain size affect how fast the water moves through
groundwater systems?
Materials:
1. 3 permeameters (gravel, sand, mixture of gravel and sand)
2. Beakers
3. Sand and gravel
4. Timers
5. Calculators
Fill line. Begin timing
when you open the
Stop line. Close the valve
and stop timing when
the water reaches the
red line.
Calculations:

Students record the time it takes water to fall to the red line in seconds in the table on their task sheet.
An example is given on the bottom of the page.

Conduct the permeability test
1. Make sure the valve is closed.
2. Slowly fill the permeameter with water to the top of the green line. Make sure all of the
sediment is completely saturated. Add more water if necessary.

3. Place a beaker under the valve.
4. Get ready to time. Open the valve all at once and time the fall of water to the top of the red line.
5.
6.
7.
8.
9.

10.

QUICKLY close the valve.
Record the time value in table below.
Repeat this process two more times.
Make calculations for hydraulic conductivity (K).
Repeat steps 1-6 for each permeameter (sand, gravel, sand & gravel mixture).
Make calculations for hydraulic conductivity (K).
Record the average hydraulic conductivity for each of the three sediment types.
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Trial

Time
(sec)
50 sec

1
2
3
Average

Sand
K (cm/sec)

20/sec. x 0.282

20 cm/50 sec x
0.282= 0.113 cm/sec

Gravel
K (cm/sec)

Sand & Gravel Mixture
Time
Time
K (cm/sec)
20/sec. x 0.282
20/sec. x 0.282
(sec)
(sec)
3
20 cm/3. sec x
43
20 cm/43 sec x 0.282
0.282 = 1.88 cm/sec
= 0.131 cm/sec

Questions for Discussion and Argument
Use these questions to guide discussion and sense-making. It is your discretion whether
students write the answers on their own sheets.
1. What is the relationship between sediment size and how fast the water moves through?

Permeability is a measure of how quickly water moves through a material. Coarser sediment
(like the gravel) usually has larger, more connected pathways between grains, especially
if the sediment is well sorted (all the same grain size). Water moves through these
pathways more quickly than through material with smaller, more tortuous (twisty)
pathways, like the sand. Therefore, coarser materials generally have higher
permeabilities than finer materials.

2. What do you predict would be the permeability of fine clay? Of coarse sand?

Clay is finer grained and the spaces between the grains are very small and tight. The
permeability of clay is lower, meaning the water moves through more slowly. Coarse
sand would probably have a permeability between fine sand and gravel. In sand mixed
with gravel, the sand will partially fill the spaces between gravel grains, reducing the size
of the pore spaces and making the pathways between grains more tight and twisted,
thus reducing the pathways through the material. This mixture would have a
permeability that is lower than the gravel.

Higher Permeability

Lower Permeability

Large connected
pathways

Tighter, more
tortuous

3. How do the results of this investigation help you think about the pathways that contamination

will take through the groundwater flow model?
In the coarse sand, the pathways between the grains of sand are more connected and the water
and contamination will flow faster than through the fine sand, where the pathways are
tighter and more tortuous.
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Instructions for Making Permeameters
Materials

1. 3 clear 2” PVC cut in 14” length
https://www.zoro.com/zoro-select-pipe-schedule-40-pvc-2-in-8-feet-long43088/i/G0796451/
2. 3 PVC 2” tee sockets with ½” opening for water spout
https://www.lowes.com/pd/LASCO-2-in-x-1-2-in-PVC-Sch-40-Tee/3426580
3. 3 water spouts, ½”
https://www.ebay.com/itm/4pcs-Universal-Push-Type-Plastic-Hot-Cold-WaterDispenser-Faucet-Tap-Replacement/362561469858
4. 3 PVC 2” pipe cut in 4” length
https://www.lowes.com/pd/LASCO-2-in-x-PVC-Sch-40-Coupling/3307894
5. 3 reducers, 3” x 2”
https://www.pvcfittingsonline.com/3-x-2-dwv-pvc-reducer-fitting-d102338.html?matchtype=&network=u&device=c&adposition=&keyword=&gclid=Cj0KCQjw6eTtBRD
dARIsANZWjYZOjA6Z_Ye31gLL9HeBCpXcqpYPwCb1kJb3QI-SB5e-oFrrRKm-M_8aAh7VEALw_wcB
6. 3 spigot 2” fittings
https://www.lowes.com/pd/Charlotte-Pipe-2-in-x-2-in-dia-PVC-Schedule-40-Spigot-TestFitting/3357826
7. fine net screen cut into 3 circles 3” diameter
8. JB Weld Plastic Bonder
9. Green and red washi tape
10. 1 ½ c. gravel per permeameter
11. 1 ½ c. sand per permeameter
12. 1 ½ c. gravel and sand mixture per permeameter

Assembly

1. Adhere water spout to tee with JB Weld.
2. Adhere spigot fitting inside tee socket directly below where the water spout sits.
3. Adhere PVC pipe cut into 4” length onto the bottom of the tee socket.

spigot fitting

4. Adhere reducer to bottom of PVC pipe.
PVC pipe

reducer
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5. Place circle-shaped screen along bottom of clear PVC pipe.

screen

6. Hold screen in place along bottom of clear PVC pipe and push into top of tee socket. Then put JB
Weld along joint.

Put JB Weld
along joint.

7. Place the green washi tape 4” from the bottom of the clear PVC pipe. Place the red washi tape
2” from the top of green washi tape.

Red washi 2 in.

Green washi 4 in.
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Student Task 3-2: Investigating Permeability
Name:
Driving Question: How does sediment grain size affect how fast the water moves through
groundwater systems?
Fill line. Begin timing
when you open the
Stop line. Close the valve
and stop timing when
the water reaches the
red line.
Conduct the permeability test
1. Make sure the valve is closed.
2. Slowly fill the permeameter with water to the top of the green line. Make sure all of the
sediment is completely saturated. Add more water if necessary.
3. Place a beaker under the valve.
4. Get ready to time. Open the valve all at once and time the fall of water to the top of the
red line. QUICKLY close the valve.
5. Record the time value in table below.
6. Repeat this process two more times.
7. Make calculations for hydraulic conductivity (K)
8. Repeat steps 1-6 for each permeameter (sand, gravel, sand & gravel mixture).
9. Make calculations for average of hydraulic conductivity (K)
10. Record the hydraulic conductivity (K) for each of the three sediment types.
Sand
Gravel
Sand & Gravel Mixture
Trial
Time
K (cm/s)
Time
K (cm/s)
Time
K (cm/s)
20/sec.
x
0.282
20/sec.
x
0.282
20/sec. x
(sec)
(sec)
(sec)
0.282

1
2
3
Average

Questions for Discussion and Argument

1. What is the relationship between sediment size and how fast the water moves through?
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2. What do you predict would be the permeability of fine clay? Of coarse sand?

3. How do the results of this investigation help you think about the pathways that
contamination will take through the groundwater flow model?
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16

Comp Hydro Arizona: Module 3 – Models of How and Why Groundwater Flows

Lesson 2: Drawing Cross-Sections of the TIAA Superfund Area (OPTIONAL)
Learning Goals: H1, H2, H3, D1, D2, D3, D4
Activity
#

1

2

3

Activity
Label
What
does the
aquifer
look like
under
Tucson?

Drawing
CrossSections

Using
CrossSections

Activity
Function

Establish
Question

Model
and
Explore

Explain &
Apply

Activity Procedures

Materials Needed

1. Establish the driving question: What does the aquifer look like
under Tucson?

2. Introduce the idea of a cross-section. It may be useful to remind
students that they saw cross-sections in the 3D models (looking at
the block diagram from the side) and in the groundwater flow tank.
3. Demonstrate how to use the well logs on the blank cross-sections to
draw in stratigraphic layers. Emphasize the ideas of interpolation
and interpretation.
4. Have students work individually or in pairs to use well-logs to draw
in the major units in the Tucson aquifer.
Students trace water flow through the Tucson aquifer on their crosssections. Students may compare their completed cross-sections to the
cross-section drawn by the USGS. Students discuss reasons for
differences.
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Drawing Cross-Sections (OPTIONAL)
Module 3, Lesson 2; Task 3
Driving Question: What does the aquifer look like under Tucson?
This cross-section runs from southeast to northwest longitudinally down the contamination
plume.
Drawing cross-sections
1. Tape together the USGS cross-section so that they make one long cross-section. Match up the
surface and water table lines as much as possible.

2. The numbered rectangles each represent a well and show how deep the well is drilled. The

pattern fill represents the type of sediment that was drilled through and how deep each layer
was. The USGS Cross-Sections handout provides a description of each type of sediment.

3. Begin by drawing lines to connect the tops of the clay layer in each well. Repeat with the bottom
of the clay layer. Not all wells include the clay layer and other wells include some interbedded
sands within the clay layer. Decide where is best to draw the lines connecting the layer across
the section.

4. Decide how best to connect the upper layers of coarse and fine sand. Some layers may pinch

out. Others may be grouped. Be sure to have a reason for the lines based on the evidence. The
figure below shows one example.

Hydrology Questions for Discussion and Argument
Use these questions to guide discussion and sense-making. It is your discretion whether
students write the answers on their own task sheets.
1. Which layer would have the highest permeability? Which would have the lowest?

The coarse sand would have the highest permeability. The clay would have the lowest
permeability.

2. Which layer would act as a confining layer? Label this layer. Also label the unconfined aquifer
and the confined aquifer. Then label the saturated and unsaturated zones.
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The clay layer is the confining layer. Above is the unconfined aquifer. Below is the confined
aquifer. The unsaturated zone is above the water table and the saturated zone is below
the water table.

3. If contamination got spilled on the ground between wells 3 and 4, where would the

contamination likely go? Draw in this pathway with a different color. Explain your reasoning for
this pathway.
Contamination would likely infiltrate straight down in the unsaturated zone, then hit the water
table and begin to flow from SE to NW through the unconfined aquifer above the
confining layer. The contamination would likely flow with the water through the coarse
sand layers because these areas have highest permeability. The water and
contamination would flow from highest gravimetric potential (head) to lowest
gravimetric potential from SE to NW.

Data Questions for Discussion and Argument
1. What made this exercise challenging? What did you do to deal with these challenges? How did

you decide where to draw your lines. Would more wells have been helpful or more challenging?
Why?
Discuss with students the pros and cons of having more data. More data may increase
complexity, but in areas where wells are sparse, more well logs may help provide a
more accurate picture of the underground stratigraphy. When drawing cross-sections,
one must work to filter out the “noise” to see the overall trends and patterns.

2. Compare your cross-section with others in your group and class. What are the similarities and
differences? Are these differences acceptable? Why or why not?
Discuss how scientists must make interpretations based on the data. They make arguments
based on evidence to convince other scientists of their interpretation.
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USGS Geologists’ Interpretation
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USGS Cross-Sections (cont.)
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Student Task 3-3: Drawing the Stratigraphic Cross-Section
Name:

SE

Driving Question: What does the aquifer look like under Tucson?

1

2

3

4

5

6

7

8

10

9

Coarse sand
Fine sand
Clay
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Drawing the Stratigraphic Cross-Section (cont.)

NW
1

1

1

1

1

1

1

1

1

2

Coarse sand
Fine sand
Clay
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Hydrology Questions for Discussion and Argument
1. Which layer would have the highest permeability? Which would have the lowest?

2. Which layer would act as a confining layer? Label this layer. Also label the unconfined
aquifer and the confined aquifer. Then label the saturated and unsaturated zones.

3. If contamination got spilled on the ground between wells 3 and 4, where would the
contamination likely go? Draw in this pathway with a different color. Explain your
reasoning for this pathway.

Data Questions for Discussion and Argument
1. What made this exercise challenging? What did you do to deal with these challenges?
How did you decide where to draw your lines. Would more wells have been helpful or
more challenging? Why?

2. Compare your cross-section with others in your group and class. What are the
similarities and differences? Are these differences acceptable? Why or why not?
Discuss how scientists must make interpretations based on the data. They make
arguments based on evidence to convince other scientists of their interpretation.

© 2019 Kristin L. Gunckel, Garrett Love, Judy Cooper-Wagoner, Beth A. Covitt, Alan Berkowitz, John C. Moore. All Rights Reserved.

24

Comp Hydro Arizona: Module 3 – Models of How and Why Groundwater Flows

Lesson 3: Kinematic Table Simulation of Computer Modeling of Groundwater Flow
Learning Goals: H1, H2, H3, D2, C1, C2, C3, C4, C5
Activity
#

Activity Label

1

How do
computer
models trace
the pathway
of a molecule
of water?

Activity
Function

Establish a
question

2

Table model
water flow

Model and
Explore

3

Analysis and
discussion

Explain and
Reflect

Activity Description
1. Introduce the lesson by having students consider how computers
have been useful in their learning so far. Have them consider the
ways that computers may have helped them see things they
couldn’t see for themselves (like the shape of the water table) and
how computers made it possible to manipulate variables and
model situations.
2. Establish the driving question: How do computer models trace
the pathway of a molecule of water?
3. Ask students what the computer would need to know about the
system to model the energy flow (potential energy and
permeability).
4. Introduce students to the rules of the game (directions on next
page).
5. Have students run the model several times in groups of 2 or 4 to
simulate a computer model of water flow through the
groundwater flow model.

Materials Needed

1. Table model mat for
each pair of students
2. Student Task 3-4
3. Name card for each
student
4. Image of table model
to project

6. Use the questions for discussion and argument to review the major
concepts and principles demonstrated (discretization,
parameterization, iteration).
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Table Model of Groundwater Flow
Module 3, Lesson 3; Task 4
Driving Question: How do computer models trace the pathway of a molecule of water?
This activity is a kinematic model of the groundwater flow simulator. It illustrates how a computer
could be used to model the groundwater flow simulator and what must be programmed into a
computer to model the flow of a water molecule through the simulator.
Introduction
1. If we are going to model how water flows through a groundwater system, we have to tell the

computer how to move a water molecule through the system. We need to be able to tell the
computer system where to move the water molecule and how fast to move the water molecule. To
do this, we have to do a three things.
a. Divide the area we want to model into cells. Remind students that they did this when
turning the water table map into a 3D model.
b. Recall that there are two characteristics of the system that determine how water moves
through a system:
i. Potential energy - This parameter determines the direction of flow. Water flows
from high potential energy to low potential energy.
ii. Permeability - This parameter determines how fast the water moves. Water
moves fastest through low permeability.
Assign a potential energy and a permeability value to each cell.
c. Design some rules to tell the computer model what to do with the values in each cell.

Set-up of the Model
1. Each table group gets one Table Water Model mat.
2. Each student receives a unique water marker to use to trace water through the model.
3. Each student places a water marker on one of the three start cells.
4. Orient students to the model.
a. Each cell has a potential energy value and a permeability value. These are the

parameters of each cell.
b. The permeability is also represented by a color. These colors represent the different
type of sediment in that layer.
Cells to Move for
Color
Sediment Type
Permeability
each iteration
Brown
Clay layer
Impermeable
0
Yellow
Fine sand
Low
1
Orange
Coarse sand
Medium
2
Pink
Gravel
High
3
Blue
Water
1

c. Compare the arrangement of colors in the cells to the groundwater flow model. Notice
that the layers are roughly similar to the layers in the groundwater flow model.
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Running the Model
1. Each turn represents one iteration of the model. The teacher will keep track of each turn and tell
2.

3.
4.
5.

students when to move their markers.
When the teacher says “Move,” students will read the parameters on the cell their water marker
occupies and move their water marker according to the following rules:
a. Move to the adjacent cell (left, right, down, up, or diagonal) with the lowest potential
energy value.
b. Move the number of cells that the color of the cell where you begin your turn indicates
that you can move. For example, if you are on an orange cell, you may move two cells
in a single turn.
Students keep track of the cell they finish on during each iteration (turn).
Continue the game until everyone’s water marker has exited the discharge point.
Repeat as many times as is necessary for students to understand how to move their water
molecule. Students may choose to start at different cells for each round.

Questions for Discussion and Argument
Use these questions to guide discussion and sense-making. It is your discretion whether students
write the answers on their own task sheets.
1. What parameters were assigned to each cell? What do they represent and what do they tell the

computer what to do.
The potential energy parameter is the driver. Water moves from high potential energy to low
potential energy. This parameter is important because it tells the computer the direction to move
the water molecule. The permeability parameter represents how fast the water moves through the
system. This parameter tells the computer how far to move the water molecule on each turn
(iteration).

2. What were the rules that the model used to decide where to move the water molecules?

The rules were that water flows from higher potential energy to lower potential energy and water
flows faster through materials with higher permeability (or hydraulic conductivity).

3. How would the model be different if the cell size were larger? How would it be different if the cell size
was smaller?
In computer modeling, the continuous space (groundwater system) is divided into cells
(discretization). Smaller cells mean the model would have more detail, but more data would be
needed to assign representative parameters to each cell. Larger cell sizes do not require as much
data, but the model may not have enough detail to accurately represent the system.

4. How did the boundaries of the model affect the flow of water?

In the groundwater flow simulator, when water encounters the sides, it has to flow along the
sides. These are the boundary conditions that have to be programmed into the computer model.
That means that along the right side if flows down, along the bottom it flows right to left, and along
the left side it flows up.

5. Why does the model move in small increments?

The computer makes one set of calculations and moves the water molecules in the resulting
direction for the set number of steps. Then the computer has to recalculate the next direction for
the water molecule to take. Each re-calculation is an iteration.
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6. How well does this model represent what we observed in the groundwater simulator?

Output or results from all computer runs must be checked against observations. Models can be
revised, such as through assigning different parameters or re-writing the parameters for each cell
until the model runs approach what is observed.
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Table Model of Groundwater Flow
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Student Task 3-4: Table Model of the Groundwater Model
Module 3, Lesson 3, Task 4
Driving Question: How do computer models trace the pathway of a molecule of water?
Using the Table Model
1. Place your marker on one of the three start cells.
2. Each turn represents one iteration of the model. The teacher will keep track of each turn and tell students when to move their markers.
3. When the teacher says “Move,” read the parameters on the cell where your water marker is and move your water marker according to
the following rules:
c. Move to the adjacent cell (left, right, down, up, or diagonal) with the lowest potential energy value.
d. Move the number of cells that the color of the cell where you begin your turn indicates that you can move. For example, if
you are on an orange cell, you may move two cells in a single turn.
4. Keep track of the cell they finish on during each iteration (turn) in the table below
5. Continue the game until everyone’s water marker has exited the discharge point.

Round

Starting Cell

Color

Sediment Type

Permeability

Brown
Yellow
Orange
Pink
Blue

Clay layer
Fine sand
Coarse sand
Gravel
Water

Impermeable
Low
Medium
High

Turn 1

Turn 2

Turn 3

Turn 4

Cells to Move for
each iteration
0
1
2
3
1
Turn 5

Turn 6

Turn 7

Turn 8

1
2
3
4
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Questions for Discussion and Argument
1. How did this model help you understand how a computer would model the groundwater
flow tank?

2. What parameters were assigned to each cell? What do they represent and what do they tell
the computer what to do

3. How would the model be different if the cell size were larger? How would it be different if
the cell size was smaller?

4. What happened when the water molecules got to the edges of the model (sides of the
groundwater flow tank)?

5. Why does the model move in small increments?

6. How well does this model represent what we observed in the groundwater simulator?
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Lesson 4: Computer: Net Logo Groundwater Flow Models With Embedded Assessment
Learning Goals: H1, H2, H3, D2, D5, C1, C2, C3, C4, C5
Activity
#

Activity Label

Activity
Function

1

How might we
clean up the
contamination?

Establish a
Question

2

Net Logo Flow
Model

Explore &
Model

3

Analysis and
discussion

Explain and
Apply

Activity Procedures

Materials Needed

1. Review with students that they have used computer models
to visualize things they cannot see (e.g., 3D view of the water
table or how the plume changed).
2. Introduce the idea that computer models can be useful for
making predictions and trying out scenarios. One way to use
the model is to make predictions about future pathways of
contamination and how to clean up the contamination.
3. Establish the driving question: How can we use computer
models to figure out how to clean up the contamination?
4. Introduce the Net Logo Groundwater Flow Model. Remind
1. Net Logo Groundwater Model
students that this model is of Tucson, not the groundwater
ecoapps
flow tank.
https://ecoapps.nrel.colostat
5. Working in teams, have students run the Net Logo
e.edu/netlogo/
Groundwater Flow Model to see how contamination flows
2. Groundwater Flow Tank for
under TARP and propose ways to clean up the contamination.
comparison.
Student Task 3-5 assigns different parts of the task to each
3. Student Task 3-5
team member. All team members work on scenarios.
6. Use the project functions of Net Logo to show various
students solutions.
7. Have students compare Net Logo model runs, discuss
similarities and differences between the Net Logo Model and
the Tucson cross-section they drew, and make predictions for
how what they learned from the Net Logo model would apply
to the TARP/TIAA situation and clean-up.
8. Emphasize that the way that Tucson Water has cleaned up
the contamination is with the pump and treat method used at
the Advanced Oxidation Plant where students will visit during
the field trip.
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Net Logo Groundwater Flow Model
Module 3, Lesson 4, Task 5
This activity includes an assessment embedded within the Net Logo model. Students will apply
their understandings of head, permeability, and computational principles to model
groundwater and contamination flow. They will see how the contamination flows under TARP
and will propose ways to clean it up. Student responses are collected in a .csv file.
Driving Question: How can we use computer models to figure out how to clean up the
contamination?
Here is a screen shot of the interactive model:

Below are all of the text and questions that appear as the students work through the model.
The text below appears in the white box at the top of the screen. The page number is noted in
the small box near the top labeled “Page.” Students enter their responses in the green box
labeled “Dialogue.”
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Page 1:
Hello! Welcome to GWater Interactive!
In this activity you will use a computer to model the flow of groundwater in a real world
system,and see how contamination moves with water underground. Please begin by pressing
'Click to Advance”
Page 2:
For best performance, make sure the slider above says 'faster'. Also make sure the 'view
updates' box is checked & the drop-down menu reads 'on ticks' and NOT 'continuous' --> Press
the 'Click to Advance' button to continue.
Page 3:
Each person on your team enter your name. (Leave blank if you don't have another team
member.) --> Press the 'Click to Advance' button to continue.
Page 4:
You are looking at a cross-section of the groundwater system. Under the south side of Tucson.
The Tucson airport is on the right (south) and north is to the left. There are two important
parameters to note: Permeability of stratigraphic layers and potential energy. --> Press the
'Click to Advance' button to continue.
Page 5
Colors represent different layers, just like the Table Model. Each color represents a different
type of sediment. Each sediment has a different value representing the permeability parameter
(also called hydraulic conductivity). Team Member 1: What type of sediments does red
represent? Team Member 2: What color represents gravel? --> Press the 'Click to Advance'
button to continue.
Page 6:
Team Member 3 (#):
Why does the gravel have a higher permeability (hydraulic conductivity) than the fine sand
(red)?--> Click 'Change' in the dialogue box to the right, type your answer, click 'OK', then press
'Click to Advance'.
Page 7:
Green dots are potential energy, called 'Head' in this model. Values represent potential energy,
just like the Table Model. --> Press the 'Click to Advance' button to continue.
Page 8:
Team Member 4 (#):
Which direction do you think water will flow through this model? Why? --> Click 'Change' in the
dialogue box to the right, type your answer, click 'OK', then press 'Click to Advance'.
Page 9:
Team Member 1 (#):
34
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To calculate the head values for the model, press the ‘Calculate Head Field’ button. The
computer now does a series of calculations to calculate the potential energy at the intersection
of every cell in the model. --> Press the 'Click to Advance' button to continue.
Page 10:
Watch the “Convergence Delta” counter. Every change in this counter represents an iteration,
which is a new calculation. Notice how fast the computer does the calculations. Wait until the
'Delta' number is less than 1 and stops changing. Then the calculations are complete and the
head field is stable. --> Press the 'Click to Advance' button to continue.
Page 11:
The blue dots represent the saturated zone (below the water table) and places without dots
represent the unsaturated zone (above the water table). The black numbers represent the
potential energy (head) for the water at each blue dot. --> Press the 'Click to Advance' button
to continue.
Page 12:
Team Member 2 (#):
When the 'Ready' box reads 'true', click the “Calculate Flow Field” button. The blue arrows
show flow of water in the aquifer (saturated zone). --> Press the 'Click to Advance' button to
continue.
Page 13:
Team Member 3 (#):
How did NetLogo figure out the size and direction of the arrows? Explain what information was
used and what the rule was. --> Click 'Change' in the dialogue box to the right, type your
answer, click 'OK', then press 'Click to Advance'.
Page 14:
Team Member 4 (#):
Now you can add a contaminant and trace its underground flow. Press 'Add Source'. Move the
large red dot where the contamination is coming from (the airport) and click to place the
contaminant source. --> Press the 'Click to Advance' button to continue.
Page 15:
If you click 'Clear Sources' you can remove the source and 'Add Source' in a new location. -->
Press the 'Click to Advance' button to continue.

© 2019 Kristin L. Gunckel, Garrett Love, Judy Cooper-Wagoner, Beth A. Covitt, Alan Berkowitz, John C. Moore. All Rights Reserved.

35

Comp Hydro Arizona: Module 3 – Models of How and Why Groundwater Flows
Page 16:
Team Member 1 (#):
Click the “Trace Flow” button. The computer now traces the flow path of the contamination.
If you click 'Clear Tracers' the path is removed.
Page 17:
Team Member 2 (#):
When your team is satisfied that the model is showing the most likely pathway for the
contamination from the airport, take a screen shot of the model & paste it into the worksheet.
You will submit this worksheet to your teacher. --> Press the 'Click to Advance' button to
continue.
Page 18:
Team Member 3 (#):
Explain why contamination would follow the pathway shown by the model. --> Click 'Change' in
the dialogue box to the right, type your answer, click 'OK', then press 'Click to Advance'.
Page 19:
Team Member 4 (#):
Explain the rules the computer model uses at each blue dot to determine where the
contamination goes and how fast it goes (Hint: Think about the rules you used in the table
model to move your piece). --> Click 'Change' in the dialogue box to the right, type your
answer, click 'OK', then press 'Click to Advance'.
Page 20:
Team Member 1 (#):
What would you do to clean up this contamination from the groundwater? --> Click 'Change' in
the dialogue box to the right, type your answer, click 'OK', then press 'Click to Advance'.
Page 21:
Team Member 2 (#):
You can add a well by pressing the “Add Pumping Well” button, then use your mouse to
position the well where you would like it to pump out the water. Click to place the well. -->
Press the 'Click to Advance' button to continue.
Page 22:
To get rid of a well, press the “Remove Well” button, and use your mouse to position over the
well you would like to remove. Click to remove the well. --> Press the 'Click to Advance' button
to continue.
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Page 23:
Team Member 3 (#):
Add a well to a location that you think would work well for removing the plume of
contaminated water. You will need to 'Calculate Head Field' and 'Calculate Flow Field' before
you can follow the new path with 'Trace Flow'. --> Press the 'Click to Advance' button to
continue.
Page 24:
When your team is satisfied that the model is showing the best option for cleaning up the
contamination, take a screen shot of the model and paste it into the worksheet. You will submit
this worksheet to your teacher. --> Press the 'Click to Advance' button to continue.
Page 25:
Team Member 4 (#):
Explain why your plan would work for cleaning up the contamination. --> Click 'Change' in the
dialogue box to the right, type your answer, click 'OK', then press 'Click to Advance'
Page 26:
Team Member 1 (#):
How did you decide where to put your well? --> Click 'Change' in the dialogue box to the right,
type your answer, click 'OK', then press 'Click to Advance'.
Page 27:
Team Member 2 (#):
How did the computer model help you come up with your solution? --> Click 'Change' in the
dialogue box to the right, type your answer, click 'OK', then press 'Click to Advance'.
Page 28:
Team Member 3 (#):
What are some problems or limitations of using this computer model to model the flow of
water and contamination underground? Please explain your answer. --> Click 'Change' in the
dialogue box to the right, type your answer, click 'OK', then press 'Click to Advance'.
Page 29:
That concludes the GWater Interactive Activity. Thanks for being a model student today! When
you are done, please click 'x' at the top right of the Guacamole window. Then click the black X in
the upper right corner again. Then click 'logout' in the pink box.
Please see next page for example output from the assessment system.
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Sample Output from the Assessment System
This is a screenshot of the output on the .csv file. Each question in the embedded assessment is a column; each student who
responds is a row. The numbers in column A are just line numbers in the spreadsheet. The numbers in column B are student ID’s in
place of student names.

38
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Student Task 3-5: Net Logo Groundwater Flow Model
Module 3, Lesson 4, Task 5
Team Names:
Driving Questions: How can we use a computer to model the flow of groundwater through the
system? How can we use the computer model to help us figure out how to clean up the 1,4
Dioxane contamination?
Today you will use Net Logo to model groundwater flow and see how contamination will move
under TARP.
Setting up and running the Net Logo Model
1. Go to the Net Logo Remote Server https://ecoapps.nrel.colostate.edu/netlogo/
Your teacher will assign you a Username and Password. Enter the username and password into the
Guacamole box and click “Login.”

2. Click on your assigned desktop
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Team Member #1
3. Choose “Groundwater” from the list. Click the OK button at the bottom of the page.

4. Click “Setup”
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5. Follow the directions in the box.
Note the page number.

When prompted, you will enter
the names for your team
members. They will appear here.

When directed, you will be
asked to enter responses in
pop-up boxes or in this
dialogue box. To enter a
response into the dialogue
box, click the “Change”
button, then write your
answer in the box, then click
the “OK” button.

6. Enter your screenshot from Page 17

7. Enter your screenshot from Page 24
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Using Computational Thinking and Models to
Investigate Groundwater Contamination in
Tucson, Arizona

Closure
Addressing the Problem
Kristin L. Gunckel, University of Arizona
Garrett Love, North Carolina School of Science & Mathematics
Judy Cooper-Wagoner, University of Arizona
Beth A. Covitt, University of Montana
Alan Berkowitz, Cary Institute of Ecosystem Studies
John C. Moore, Colorado State University
Randall Boone, Colorado State Univesity
This material is based upon work supported by the National Science Foundation DRL – 1543228 Comp
Hydro: Integrating data computation and visualization to build model-based water literacy. Any
opinions, findings, and conclusions or recommendations expressed in this material are those of the
author(s) and do not necessarily reflect the views of the National Science Foundation.
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Addressing the Problem
Driving Question for the whole unit: How and why is this community affected by the TCE and 1,4
Dioxane pollution?
Below are some ideas for closing the unit. The goal would be to provide students with an opportunity to
see how the three modules fit together; reflect on the major hydrologic, data interpretation, and
computational thinking concepts they learned; and bring closure to their exploration of the TARP site.
Activity Label

TARP and
AOP

Activity Description
Students can learn about how Tucson
Water and the other various agencies
and entities are remediating the
contamination, including learning
about how the TARP and AOP plants
work. A culminating activity could be a
field trip to the TARP and AOP.

Materials Needed
Web links about TARP and AOP
https://www.tucsonaz.gov/water/aop
https://www.tucsonaz.gov/files/water/docs/
AOP_TARP_educational_signs.pdf
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Field Trip to Advanced Oxidation Treatment Plant
Now that students have learned that the best way to clean up the TCE and 1,4 dioxane contamination is
through the pump and treat method, they will have a chance to see how this process works on a field
trip to the Advanced Oxidation Treatment Plant.
Driving Question: How does Tucson Water clean up the TCE and 1,4 dioxane contamination?
To arrange for a field trip to the Advanced Oxidation Treatment Plant, contact Tucson Water Public
Information/Conservation Office (PICO) at (520) 791-4331 or e-mail pico@tucsonaz.gov.
For student who go on the field trip
1. TARP AOP Questions: Cleaning up the Groundwater in Tucson
For students who do not go on the field trip
Students who do not go on the field trip can complete the same questions using the signs that Tucson
Water developed for the field trip.
1. TARP AOP Questions: Cleaning up the Groundwater in Tucson
2. Field Trip Signs https://www.tucsonaz.gov/files/water/docs/AOP_TARP_educational_signs.pdf
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Name:

Cleaning up the Groundwater in Tucson
Because you have studied about the TCE problem, your friends and family may ask you how the
TCE and 1,4 dioxane are removed from the water. Whether you went on the tour to TARP and
AOP or read the field trip signs, you should be able to explain how this process works. Here are
some questions your friends and family may ask you. Please write down what you would say to
them.
1. What is the difference between the TARP water treatment plant and the AOP water
treatment facility?

2. Why does Tucson have both water treatment plants?

3. What do the air stripper towers do at the TARP plant?

4. What is the first thing that happens when the water gets to the AOP?

5. What happens to the TCE and 1,4 dioxane in the AOP? How does this happen?

6. When the TARP plant was the only water treatment plant here, where did the TCE go?

7. Where does the water cleaned at the AOP and TARP go? What parts of Tucson drink it?

8. What questions do you have about the TARP or AOP facilities?

9. Ask your question in #8 and write down the answer here.
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Action
Driving Question: How and why is this community affected by the TCE and 1,4 Dioxane pollution and
what can be done?
Students can choose from the following options to take action by producing a product that documents
their learning and educates others:
1. Make a video clip
2. Write a newsletter or article
3. Create and deliver a presentation to the Unified Community Action Board (UCAB)
4. Free choice
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Post Assessment
The picture below shows part of a school campus with several grassy sports fields and a parking lot near
a river. Use the picture to help you answer the next set of questions.

SPORTS FIELD (Pre & Post)
1. Could water falling on the sports fields as rain get into the river?

a. (Choose 1) YES NO
b. If you answered “yes,” explain how and why you think the water could get into
the river. If you answered “no,” explain why the water could not get into the
river. Please provide as many details as you can.
PARKING LOT (Pre & Post)
2. Could water falling on the parking lot as rain at the location marked with the X get into the river?

a. (Choose 1) YES NO
b. If you answered “yes,” explain how and why the water could get into the river. If
you answered “no,” explain why the water could not get into the river. Please
provide as many details as you can.
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Computer Modeling Items (Modeling-C)
MODELS QUESTIONS (Pre & Post)
3. a. What do you think scientists use computer models for?
b. Write a question about a real world water problem related to contamination or flooding that
a scientist could use a computer model to answer.
MODELS PROBLEMS (Pre & Post)
4. What are some problems with using a computer model to understand a real world water
problem?
MODELS EVALUATION (Pre & Post)
5. How can a scientist judge if a computer model is accurate?
Surface Elevations (Map interpretation and Data Interpolation –D)
Use this contour map of a land surface to answer the questions below.

D

C

N
E

W
S
A

X
B

TOPO INTERPOLATION (Pre & Post)
6. a. What would be a reasonable estimate for the elevation of the land surface at the X on the
map?

A.
B.
C.
D.

4800 ft
4850 ft
4815 ft
4765 ft

b. Please explain why you chose that answer.
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PINE CREEK FLOW (Pre & Post)

7. a. Which arrow or arrows show the direction that Pine Creek is flowing? (Choose one or more
arrows.)
b. Explain why the arrow or arrows you chose show the direction Pine Creek flows.
TOPO GRADIENT (Pre & Post)

8. a. Where is the slope of the land the steepest?

A.
B.
C.
D.

A
B
C
D

b. Please explain why you chose that answer.
Map Discretization/Sampling (C)
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The diagram below shows two different grids to divide the map into cells to develop a computer model
of water flow. Use this diagram for the questions below.

Grid A

Grid B

TOPO GRIDS (POST ONLY)
9. What is the purpose of dividing the area into cells?
GRID B (POST ONLY)
10. Give at least one advantage and one disadvantage of using Grid B (smaller cells) for your
computer model.

a. Advantage:
b. Disadvantage:
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Groundwater Items
A gas station has been leaking gasoline from an underground storage tank. A chemical called MTBE that
occurs in gasoline has been found to be contaminating the groundwater.
Water Table Elevation Contour Interval: (Discretization – C)

LEGEND
Gas Station
with leaking
underground
gasoline tank

3045

Monitoring well
& water table
elevation in feet

RONAN CONTOUR INTERVAL (Post only)
11. a. The map above shows the location of the gas station and some monitoring wells. The numbers
next to the wells show the elevation of the water table. What groundwater elevation contour
interval would be the best choice for making a contour map of the water table?

A.
B.
C.
D.

0.2 foot
2 feet
20 feet
200 feet

b. Please explain why your choice is best for showing groundwater elevation on this map.
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Water Flow (Tracing groundwater and contamination, water table, potential energy - H)
RONAN WATERFLOW ARROWS (Pre & Post)
12. a. The map below shows the site of the gas station and the water table elevation contours.
Which of the four arrows on the map best shows the direction contamination will flow from
the leaking storage tank?

A.
B.
C.
D.

Arrow A
Arrow B
Arrow C
Arrow D

b. Please explain why contamination will flow in that direction.
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Ronan Contamination Plume Map: (Interpolation & Uncertainty- D)
The map below shows a computer-generated picture of the contamination (pollution) plume from the
leaking storage tank. The plume map was created using MTBE concentration data from the monitoring
wells on the map. Use this map for the following questions.

RONAN INTERPOLATION (Pre & Post)
13. a. What would be a reasonable estimate of the concentration of MTBE from a groundwater
sample taken from a well at the X?

A.
B.
C.
D.

0.2 mg/L
3.0 mg/L
14 mg/L
31 mg/L

b. Please explain why your choice is the best estimate of concentration.
RONAN UNCERTAINTY (Pre & Post)
14. a. At which location would you be most uncertain about the concentration of MTBE modeled
by the computer?

A.
B.
C.
D.

A
B
C
D

b. Please explain why you are most uncertain about the concentration at that location.

© 2019 Kristin L. Gunckel, Garrett Love, Judy Cooper-Wagoner, Beth A. Covitt, Alan Berkowitz, John C. Moore. All Rights Reserved.

13

Comp Hydro Arizona: Post Assessment
Ronan Model Parameterization (Parameterization – C)
The image below shows a cross-section of the area where the underground gasoline tank is leaking. A
grid has been applied over the cross-section to begin making a computer model of the gasoline spill.

RONAN PARAMETERS (POST ONLY)
15. a. What information about each cell in the grid would be needed to compute and predict the
flow of water and MTBE through the system?

b. Please explain why each type of information (parameter) you listed is important.
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Ronan Cross-Section Model (Tracing water and contamination – H)
The image below is of a computer model showing the MTBE contamination plume from the leaking
gasoline tank.

RONAN WATER FLOW (POST ONLY)
16. Explain why the MTBE contamination will flow through the ground as shown.
GROUNDWATER CARING (PRE & POST)
17. a. How important is it to you that groundwater is protected in your community?
A. Not at all important
B. Slightly important
C. Moderately important
D. Very important
E. Extremely important
b. Please explain your reason for your answer.
MODELING IMPORTANCE (PRE & POST)
18. a. How important is it to you that you understand how computer models can be used to
address real world problems like groundwater contamination or flooding?
A. Not at all important
B. Slightly important
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C. Moderately important
D. Very important
E. Extremely important
b. Please explain your reason for your answer.
19. Pre & Post – Which of the following things do you think you could do? Check all that apply.

a. I could explain a map of groundwater contamination to someone else.
b. I could use a computer groundwater model to decide if I could trust what
someone else tells me about groundwater.
c. I could use a computer groundwater model to show someone else how
groundwater contamination is being cleaned up.
d. I could use a computer groundwater model to predict where groundwater
contamination is moving or how it is changing.
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Comp Hydro Arizona Assessment and Teacher Guide
Note about this guide: This key provides 1) a description of purpose, 2) characteristics of model-based
Goal model-based responses, and 3) examples of emergent scientific responses for each assessment
question. The key is designed to help teachers examine students’ ideas and how they change from pre
to post assessment. While this is not explicitly a “grading key” with suggestions for points to award for
different questions or responses, teachers are welcome to grade the assessments and provide points as
best fits their own instructional grading systems.
Hydrology Items (H)
Purpose: These items assess students’ how students trace and explain water moving through
connected systems (surface and groundwater) using a combined map and cross section view
representation.
The picture below shows part of a school campus with several grassy sports fields and a parking lot near
a river. Use the picture to help you answer the next set of questions.

SPORTS FIELD (Pre & Post)
1. Could water falling on the sports fields as rain get into the river?
a. (Choose 1) YES NO
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b. If you answered “yes,” explain how and why you think the water could get into the river.
If you answered “no,” explain why the water could not get into the river. Please provide
as many details as you can.
Goal model-based responses: Yes. Water that falls on the sports field could get into the river through a
combination of surface runoff (because the river is at a lower elevation than the field) and groundwater
infiltration and flow (because the soil below the grass is permeable – water could infiltrate through the
grass and soil to the water table and flow into the river from underground). Students may also mention
evaporation or evapotranspiration.
Look for mechanistic explanations that involve things like differences in elevation or potential energy,
gravity, and permeability as governing water flow from surface, across or through ground, and into the
river.
Examples of emergent scientific reasoning: Students may offer…
● proximity (nearness) as a reason why water could move from the field to the river
● improbable mechanisms for movement of water (wind, people)
● ideas about things that block the water from moving (e.g., surface features such as rocks or roads)
PARKING LOT (Pre & Post)
2. Could water falling on the parking lot as rain at the location marked with the X get into the river?
a. (Choose 1) YES NO
b. If you answered “yes,” explain how and why the water could get into the river. If you
answered “no,” explain why the water could not get into the river. Please provide as
many details as you can.
Goal model-based responses: Yes. Water that falls on the parking could get into the river through a
combination of surface runoff (because the river is at a lower elevation than the field) and/or
engineered drainage. Parking lots are usually graded to drain in certain directions – for example to a
grassy area where water can infiltrate or to a drain grate. Parking lot drainage grates often channel
water to groundwater or to surface water features such as a detention pond, creek, or river. Students
may also mention evaporation.
Look for mechanistic explanations that involve things like differences in elevation or potential energy,
gravity, and permeability as governing water flow from surface, across or through ground, and into the
river.
Examples of emergent scientific reasoning: Students may offer…
● proximity (nearness) as reason why water could move from the parking lot to river
● improbable mechanisms (wind)
● ideas about things that block the water from moving (e.g., surface features such as rocks). Note that
human engineered structures (e.g., curbs) might be used to direct water movement. More
sophisticated responses will tend to trace water across connected systems with reasonable
mechanisms whereas emergent scientific responses might just leave water at a dead end.
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Computer Modeling Items (Modeling-C)
The purpose of these questions is to find out how students conceptualize what a computational model
is and how they are used.
MODELS QUESTIONS (Pre & Post)
3. a. What do you think scientists use computer models for?
Goal model-based responses: Some reasonable responses include:
● To define or better understand a system and how it works using a quantitative approach
● To test and/or predict what will happen in a system (using a “virtual” approach that is often more
efficient/quick/cheap than conducting such tests in the real world. Sometimes it is not possible or
feasible to conduct similar tests in the real world.)
● To develop and test solutions to problems (e.g., examine the computed effectiveness of different
remediation methods for addressing groundwater contamination)
● To produce a visual representation of a computer output that can be used for communicating
● Issues of confidence, validity, accuracy, or uncertainty may come up – with students acknowledging
that there is a need and are methods for judging these qualities of computer models
Examples of emergent scientific reasoning:
Many students indicate that computer models are used to see or visualize something. While this is not
incorrect, it seems to be a more intuitive and often vaguely worded type of response that students
provide when they have little detailed understanding of what a computer model is or what it does.
Students may also use the word “simulate” without any explanation of what that means or involves
when using a computer model.
b. Write a question about a real world water problem related to contamination or flooding that
a scientist could use a computer model to answer.
Goal model-based responses: More sophisticated responses will address finding solutions to a problem
by using computer models to do things like make predictions and test hypotheses. They may also
identify a problem that requires quantification and calculations to solve.
Examples of emergent scientific reasoning: Emergent scientific responses may name problems without
elaboration as to how a computer model would be useful in addressing it. Mid-level responses may
describe a real-life problem or pose a how or why question that is answered by a visualization or a
simulation rather than a computational model.
MODELS PROBLEMS (Pre & Post)
4. What are some problems with using a computer model to understand a real world water
problem?
Goal model-based responses: More sophisticated responses may indicate that computer models rely on
data and that not all relevant or sufficient data may be included in the model or that the data may be
incorrect or incomplete. Other potential problems could include that the model is missing important
variables (parameters) or is not sufficiently calibrated.
Examples of emergent scientific reasoning: Emergent scientific responses may explain that computers
can crash, have ‘bugs,’ or be wrong or inaccurate (without an underlying cause such as insufficient data
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or missing parameters). Sometimes students mention that computer models can be difficult to
understand.
MODELS EVALUATION (Pre & Post)
5. How can a scientist judge if a computer model is accurate?
Goal model-based responses: More sophisticated responses may indicate that to judge if a computer
model is accurate the output from the model should be compared to or calibrated against real-world
data and observations from the field. Calibration is a key method addressed in the unit; however,
students may also mention approaches such as comparing with previous studies and findings from other
scientists.
Examples of emergent scientific reasoning: Emergent scientific responses may suggest a scientist can
judge if a computer model is accurate by using common sense, doing the math, getting a second
opinion, or making a real (physical) model and comparing it to the computer model.
Surface Elevations (Map interpretation and Data Interpolation –D)
Use this contour map of a land surface to answer the questions below.

D

C

N
E

W
S
A

X
B

TOPO INTERPOLATION (Pre & Post)
6. a. What would be a reasonable estimate for the elevation of the land surface at the X on the
map?
A. 4800 ft
B. 4850 ft
C. 4815 ft
D. 4765 ft
b. Please explain why you chose that answer.
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Purpose: This question assesses student understanding of contours and interpolation of data.
Goal model-based responses: Responses correctly identifies 4815 as the most reasonable answer and
describes a process for interpolating between 4800 ft. and 4850 ft. Ideally, responses include an
indication that the contour lines connect points of equal elevation.
Examples of emergent scientific Reasoning: Least sophisticated responses may be quite vague with no
reference to elevations. More sophisticated responses indicate that the contour lines dip down, point
down or slope downwards. They may read across the map directly rather than following a contour line.
Answers may suggest that contours are like steps and the area between the contours is the same
elevation as the closest contour line.
PINE CREEK FLOW (Pre & Post)
Purpose: These questions assess data visualization and student ability to interpret 3D space from 2D
representation.

7. a. Which arrow or arrows show the direction that Pine Creek is flowing? (Choose one or more
arrows.)
b. Explain why the arrow or arrows you chose show the direction Pine Creek flows.
Goal model-based responses: Indicates that water flows northeast or north or east, with an explanation
that recognizes that the land slopes down in elevation in that direction or references water flowing
downhill and/or gravity.
Examples of emergent scientific Reasoning: Least sophisticated answers provide indicate that water
flows south or down the page. May provide a reference to the compass rose. More emergent responses
refer to school rules like the rule of Vs.
TOPO GRADIENT (Pre & Post)
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8. a. Where is the slope of the land the steepest?
A. A
B. B
C. C
D. D
b.

Please explain why you chose that answer.

Goal model-based responses: Answer D with an explanation that identifies that the contour lines are
closest together, ideally indicating that this is the shortest rise over run.
Examples of emergent scientific Reasoning: Emergent scientific answers state that the land is going
down, refers to the contour lines as pointing downwards, or references contour lines that are curvier.
Map Discretization/Sampling (C)
Purpose: These items are computational thinking principles related to discretization.
The diagram below shows two different grids to divide the map into cells to develop a computer model
of water flow. Use this diagram for the questions below.

Grid A

Grid B

TOPO GRIDS (POST ONLY)
9. What is the purpose of dividing the area into cells?
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Goal model-based responses: Indicate that the cells are useful for modeling data, entering data into a
model, or organizing data.
Examples of emergent scientific Reasoning: States that the cells contain information or are used to
pinpoint locations. Least sophisticated responses refer to the cells as enabling one to “see” something
on the map.
GRID B (POST ONLY)
10. Give at least one advantage and one disadvantage of using Grid B (smaller cells) for your
computer model.
a. Advantage:
b. Disadvantage:
Goal model-based responses: Ideal responses include indication that discretization is about breaking up
a continuous surface or continuous data into chunks for the computer to work with. They also suggest
that large cells might have too much information and it is harder to decide what information to include
in each cell but also that small cells require more data to work with and that more data requires more
effort on the part of the computer model.
Examples of emergent scientific Reasoning: Emergent scientific responses focus on advantages and
disadvantages for seeing better or more clearly or are related to accuracy.
Groundwater Items
A gas station has been leaking gasoline from an underground storage tank. A chemical called MTBE that
occurs in gasoline has been found to be contaminating the groundwater.
Water Table Elevation Contour Interval: (Discretization – C)
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RONAN CONTOUR INTERVAL (Post only)
11. a. The map above shows the location of the gas station and some monitoring wells. The numbers
next to the wells show the elevation of the water table. What groundwater elevation contour
interval would be the best choice for making a contour map of the water table?
A.
B.
C.
D.

0.2 foot
2 feet
20 feet
200 feet

b. Please explain why your choice is best for showing groundwater elevation on this map.
Purpose: This question examines how students make sense of a data representation – in particular, how
do you choose a scale (i.e., contour interval) that is appropriate to effectively communicate information
about a system in a visual representation.
Goal model-based responses: More sophisticated student reasoning generally indicates that 2 ft. is the
best choice based on the scale of the data shown. Students may note that using a 0.2 foot interval
would give more contour lines than are needed to understand the data and the 20 and 200 ft. levels
would give too few contour lines.
Examples of emergent scientific reasoning: Emergent scientific responses may be guesses or not
provide a reason for their choice that takes into account the scale of the water table elevation values.
Water Flow (Tracing groundwater and contamination, water table, potential energy - H)
RONAN WATERFLOW ARROWS (Pre & Post)
12. a. The map below shows the site of the gas station and the water table elevation contours.
Which of the four arrows on the map best shows the direction contamination will flow from
the leaking storage tank?
A.
B.
C.
D.

Arrow A
Arrow B
Arrow C
Arrow D

b. Please explain why contamination will flow in that direction.
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Purpose: This question probes students’ abilities to interpret data in the form of contour lines and to
apply principles of groundwater flow (high to low potential energy) to interpret a map.
Goal model-based responses: More sophisticated responses indicate arrow B because this is the
direction from high to low potential energy (or water table elevation). Students may also recall that
water flow lines are perpendicular to elevation contour lines. At an intermediate level of sophistication,
sometimes students choose B and suggest that direction is “downhill” not specifying that the contours
represent groundwater rather than surface water.
Examples of emergent scientific responses: Lower-level responses may indicate contamination will flow
in the direction indicated by arrow C because of an assumption that ‘down the page’ is the same as the
downhill direction. Arrow A may be selected as the arrow closest to pointing in the same direction as the
arrow on the map key. Other responses may indicate the direction of arrow B because that is the
direction of the river (school-rule reasoning of all water flowing into streams).
Ronan Contamination Plume Map: (Interpolation & Uncertainty- D)
The map below shows a computer-generated picture of the contamination (pollution) plume from the
leaking storage tank. The plume map was created using MTBE concentration data from the monitoring
wells on the map. Use this map for the following questions.
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RONAN INTERPOLATION (Pre & Post)
13. a. What would be a reasonable estimate of the concentration of MTBE from a groundwater
sample taken from a well at the X?
A.
B.
C.
D.

0.2 mg/L
3.0 mg/L
14 mg/L
31 mg/L

b. Please explain why your choice is the best estimate of concentration.
Purpose: This question examines how students infer contamination concentration estimates from a
contamination plume contour map.
Goal model-based responses: 14 mg/L is a reasonable estimate for the concentration of MTBE at the X.
The most common reasoning given by students is that this value lies within the range indicated by the
key for the color of the area corresponding to the X. More sophisticated responses indicate interpolation
or estimation between the range of values specified in the key.
Examples of emergent scientific responses: Emergent scientific student responses may guess, provide
unclear reasoning, or misinterpret the map and key.

RONAN UNCERTAINTY (Pre & Post)
14. a. At which location would you be most uncertain about the concentration of MTBE modeled
by the computer?
A. A
B. B
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C. C
D. D
b. Please explain why you are most uncertain about the concentration at that location.
Purpose: This question probes students’ understanding of confidence in model outputs and how models
are connected to real world data and decision-making. Students’ reasoning should involve their
understanding of linear interpolation and extrapolation, as well as their understanding of how model
outputs are generated. This question can be used to examine how students make sense of missing data
contributing to uncertainty associated with model outputs. The question also provides insight into
students’ understanding of how contamination moves in a groundwater system.
Goal model-based responses: Students who answer B may have more sophisticated reasoning that
they’d be most uncertain at this location because there are not any monitoring wells close to or around
this location so the model has insufficient data for estimating a concentration at this location. In general,
more sophisticated responses acknowledge that uncertainty relates to sufficiency of data.
Other students may answer B and provide the reason that this location is up gradient from the source.
This reflects a relatively sophisticated hydrology understanding-based strategy of using knowledge of
groundwater systems to question the modeled estimation of contamination – reasoning that
contaminant would not travel up the water table gradient from the source. For these students,
uncertainty is not related to data but rather to a model output that is inconsistent with a reasonable
prediction based on the map and understanding of how the system works.
Examples of emergent scientific reasoning: Some who answer A or C may reason that these points are
in areas with an unbounded range (<0.1 mg/L or >20 mg/L) so the value could be anything less than or
greater than the value indicated in the map key. This relates to (im)precision rather than (un)certainty –
both are important issues for judging models and model outputs, but they are not the same. Students
may also reason that they are less uncertain in areas of highest or lowest concentration and/or closest
or farthest proximity from the source.
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Ronan Model Parameterization (Parameterization – C)
The image below shows a cross-section of the area where the underground gasoline tank is leaking. A
grid has been applied over the cross-section to begin making a computer model of the gasoline spill.

RONAN PARAMETERS (POST ONLY)
15. a. What information about each cell in the grid would be needed to compute and predict the
flow of water and MTBE through the system?
b. Please explain why each type of information (parameter) you listed is important.
Purpose: This question probes students’ understanding of factors (parameters) affecting the flow of
groundwater and contamination that would need to be included in a computational model of a real
world groundwater system. Students’ responses may focus on data and/or rules for determining
groundwater and contaminant flow.
Goal model-based responses: More sophisticated responses may include: gravitational potential energy
or potential energy, pressure, hydraulic head, permeability, porosity, infiltration rates, and/or location
of recharge and discharge. Responses may include an explanation of why parameters are important in
determining flow of groundwater and contaminants (rules governing system/model).
Examples of emergent scientific reasoning: Emergent scientific answers may include: depth (location),
type of sediment, direction of flow, or amount of contamination. These answers may mention
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vocabulary, but lack connection to associated principles or explanation of how this information would
be used in a computational model.
Ronan Cross-Section Model (Tracing water and contamination – H)
The image below is of a computer model showing the MTBE contamination plume from the leaking
gasoline tank.

RONAN WATER FLOW (POST ONLY)
16. Explain why the MTBE contamination will flow through the ground as shown.
GROUNDWATER CARING (PRE & POST)
17. a. How important is it to you that groundwater is protected in your community?
A. Not at all important
B. Slightly important
C. Moderately important
D. Very important
E. Extremely important
b. Please explain your reason for your answer.
Purpose: This question examines how students explain contamination movement depicted in a crosssection representation.
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Goal model-based responses: Sophisticated responses indicate that contamination flows as shown
because it is flowing with the groundwater and groundwater is flowing from an area of higher potential
energy (or hydraulic head) to an area of lower potential energy- as shown by the flow arrows.
Examples of emergent scientific reasoning: Emergent scientific responses may describe contamination
as moving in the direction of the arrows without referencing any of the physical principles responsible
for the flow.
MODELING IMPORTANCE (PRE & POST)
18. a. How important is it to you that you understand how computer models can be used to
address real world problems like groundwater contamination or flooding?
A. Not at all important
B. Slightly important
C. Moderately important
D. Very important
E. Extremely important
b. Please explain your reason for your answer.
19. Which of the following things do you think you could do? Check all that apply.
a. I could explain a map of groundwater contamination to someone else.
b. I could use a computer groundwater model to decide if I could trust what someone else
tells me about groundwater.
c. I could use a computer groundwater model to show someone else how groundwater
contamination is being cleaned up.
d. I could use a computer groundwater model to predict where groundwater
contamination is moving or how it is changing.
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