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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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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.
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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

5

Module 3: How & Why Groundwater FlowsSpring 2018

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.

6

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

8

Comp Hydro Arizona: Student Page

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?
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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

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

© 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. 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?

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

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

1. Student Task 3-3
2. Large class-sized Blank
cross-section with well
logs.

1. Completed students crosssections
2. USGS Cross-Sections
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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.

© 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 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.

© 2019 Kristin L. Gunckel, Garrett Love, Judy Cooper-Wagoner, Beth A. Covitt, Alan Berkowitz, John C. Moore. All Rights Reserved.
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USGS Geologists’ Interpretation
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USGS Cross-Sections (cont.)

© 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 3-3: 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

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

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