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Groundwater Movement



Models & Big Ideas



Unit Driving Question:

How does water move below the Earth’s surface?

Lesson Driving Question:

How much water is on Earth and where is it located?
How is water important?

What You Will Be Doing:

Gather ideas related to the anchoring phenomenon.
Create an initial model.



How much water is on Earth?



All water on, in, and above the Earth.
● About 860 miles in diameter
● 332,500,000 mi3

Earth's liquid freshwater in groundwater, 
swamp water, rivers, and lakes.
● About 169.5 miles in diameter
● 2,551,000 mi3

All the lakes and rivers (surface 
water) on the planet.
● About 34.9 miles in diameter
● 22,339 mi3

All of Earth's Water in a Single Sphere

*Glaciers store about 69% of the world's freshwater.
*If all land ice melted the seas would rise about 70 meters (about 230 feet).

https://www.usgs.gov/media/images/all-earths-water-a-single-sphere


Water Source Water volume, mi3 Water volume, km3 % freshwater % total water

Oceans, Seas, & Bays 321,000,000 1,338,000,000 -- 96.54

Ice caps, Glaciers, & Permanent Snow 5,773,000 24,064,000 68.7 1.74

Groundwater 5,614,000 23,400,000 -- 1.69

    Fresh 2,526,000 10,530,000 30.1   0.76

    Saline 3,088,000 12,870,000 --   0.93

Soil Moisture 3,959 16,500 0.05 0.001

Ground Ice & Permafrost 71,970 300,000 0.86 0.022

Lakes 42,320 176,400 -- 0.013

    Fresh 21,830 91,000 0.26 0.007

    Saline 20,490 85,400 -- 0.006

Atmosphere 3,095 12,900 0.04 0.001

Swamp Water 2,752 11,470 0.03 0.0008

Rivers 509 2,120 0.006 0.0002

Biological Water 269 1,120 0.003 0.0001

https://www.usgs.gov/special-topics/water-science-school/science/how-much-water-there-earth#overview


Why Care About Water?

RESOURCES LINK

https://res.cloudinary.com/dtpgi0zck/video/upload/q_auto/vc_vp9/v1/videos/Why%20Care%20About%20Water%20-%206074413432001.webm?_s=vp-1.9.1
https://education.nationalgeographic.org/resource/why-care-about-water




● USGS NATIONAL WATER DASHBOARD
● Groundwater is not equal everywhere on Earth
● USA AQUIFERS (Living Atlas)

https://dashboard.waterdata.usgs.gov/app/nwd/?region=lower48&aoi=default
https://www.arcgis.com/home/item.html?id=e049a24713bf4377aa9e8f268f960af4


Initial Models

Develop an annotated sketch that includes 

drawings, arrows and simple text to 

communicate ideas. Models should include:

● Relevant parts (What parts should be 

included?)

● Connections between parts (How do the 

parts relate to one another in the 

system?)

● Data and evidence (Do we have any data 

or evidence to include that supports our 

thinking?)
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IMAGE

https://www.nationalgeographic.org/activity/matter-and-energy-cycles-modeling/#the-water-cycle


Signs and symbols to connect relevant parts

Arrows are useful in 
showing connections.

Zoom in windows allow 
you to show what is 
happening at a smaller 
scale.

Text boxes allow 
you to explain a 
part of the model.

Water is a polar 
molecule.

A key helps others 
understand symbols 
and ideas.

Key

      Water (H
2
O)

Timelines and 
partitions show change 
over time.

1 2 3

Present      

Past      

Future      
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Initial model construction

Step 1 - As a group, discuss which initial ideas  

you think best explain the unit driving 

question.

Step 2 - Talk through the list to the right.

● What should be included in a scientific 

model?

Step 3 - NOTEBOOK: (full clean page)

Construct your own initial model.

What should be included in a scientific model?

● Relevant parts (What parts should be 

included?)

● Connections between parts (How do the 

parts relate to one another?)

● Data and evidence (Do we have any data 

or evidence to include that supports our 

thinking?)

Unit Driving Question: How 
does water move below the 
Earth’s surface?
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Model Revisions - Self
We have gathered new evidence through a number 
of lessons, activities, and field investigations, and will 
now revise initial models.

Review your initial model and consider the following:

1. How does what you learned from each activity 
relate to the unit driving question? (use the 
summary table).

2. What do you want to keep? What should be 
changed? What needs to be added? What key 
concepts and vocabulary are most relevant?

3. How can data & evidence support your 
thinking?

4. Construct a revised model on a new paper.

Use the Summary Table:

Lesson What did we learn? 
(key vocabulary, 
concepts)

How does it relate 
to the unit driving 
question?

Day 1

Day 2

Day 3
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Unit Driving Question: How 
does water move below the 
Earth’s surface?



Model Revisions - Group
Step 1 - As a group, discuss which ideas 
best explain the unit driving question.

Step 2 - Talk through the list to the right.

● List 3 important ideas from today to 
share with the class.

● New vocabulary?
● How will the model reflect revisions?

Step 3 - Revise

● Make revisions to your model.

Step 4 - Sharing Gallery Walk

What should be included in a scientific 
model?

● Relevant parts (What parts should be 
included?)

● Connections between parts (How do 
the parts relate to one another?)

● Data and evidence (Do we have any 
data or evidence to include that 
supports our thinking?)

Unit Driving Question: How 
does water move below the 
Earth’s surface?
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Lesson What were the most important ideas 
we learned? Key Vocabulary?

How does it relate to the 
unit driving question?

Day 1: ● We care about subsurface 
groundwater systems (energy, water 
quality, climate change) - news

● Groundwater systems are 
heterogeneous (complex) 
(porous/fractured media flow)

● Porosity (unconsolidated/fracture)
● Groundwater flows from high to low 

hydraulic head
● Darcy’s Law

Lesson Summary Table



Gotta Have It Checklist:
❏ Groundwater systems are heterogeneous (complex)
❏ Porous & fractured media flow
❏ Porosity (unconsolidated/fracture)
❏ Hydraulic head
❏ Darcy’s Law
❏ Humans
❏ Engineered structures
❏ Connectivity between units
❏ Elevation
❏ Water table
❏ Well
❏ Potentiometric Map



Written Explanation Outline → The goal of the written explanation is to answer the 
Unit Driving Question (How does water move below the Earth’s surface?) using the 
format of claim, evidence & reason.
Explanation should demonstrate an understanding of the lesson goals and refer to the ideas included in the annotated sketch

BIG Ideas Claim
(statement about the question)

Evidence
(Data)

Reason
(describe why the evidence 

supports the claim)

Introduction
(1-2 sentences)

In this unit I explored the ideas of __, __, __, __ and constructed an annotated sketch 
and 3D model because ___ OR to show ___.

Subsurface groundwater systems (3 
sentences)

Subsurface groundwater systems 
are _.

_% of _ is_ This is important because _.

Porosity 
(3 sentences)

Porosity is influenced by _. According to_, This means that if _ then _.

Humans (3 sentences) Humans impact groundwater 
systems by _.

_ volume of 
water is pumped 
_ …

When humans _ then _.

Conclusion (1-2 sentences)
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Lesson What did we learn? Key Vocabulary?

Lesson 1:  Initial Models 
& Ideas

● Global energy demands are growing especially in developing economies.
● Not all energy use is equal around the world
● Residential, transportation, heating, & electricity use contribute the most to greenhouse gas emissions.
● Types of energy sources used are changing: renewables & natural gas growing the most

Lesson 2: Comparing 
Energy Resources

● Energy = ability to do work (forms: heat, light, electrical, motion - can change form: heat into motion)
● Renewable 12% = unlimited (solar, wind, biomass, hydro), less GHG emissions
● Nonrenewable 88% = limited (coal, natural gas, nuclear), more GHG emissions

Lesson 3: Active Solar ● Types of solar energy (active, passive, concentrating solar thermal, solar hot water)
● Power output impacted by: angle, temperature, wiring, shade
● Solar panel orientation to optimize power (34.3, South)

Lesson 4: Wind Energy ● Wind turbine parts and functions (nacelle, rotor, blade)
● Wind turbine motions (rotation, yaw, pitch)
● Effects of gearing and pitch on electrical and lifting power
● Blade design effects on power output

Lesson 5: Passive Solar 
Design

● Elements of passive solar design (South facing windows, insulation, shading, winter/summer Sun, thermal mass, natural 
ventilation)

● Solar noon, Azimuth, Elevation (altitude)
● Cloquet Solstice & Equinox Sun elevations (66.74, 19.9, 43)
● Features of Earthship, Passive House

Lesson 6: Energy 
Efficiency & 
Conservation

● Home Energy Audit (technician walkthrough or online calculator/checklist)
● Energy Efficiency (technical performance solutions)
● Energy Conservation (actions/social solutions)
● Address space & water heating = biggest consumers
● Energy Star products



Importance of Modeling
Resource: The Modeling 
Toolkit: Making Student 
Thinking Visible with Public 
Representations.

https://www.researchgate.net/public
ation/263471256_The_Modeling_T
oolkit_Making_Student_Thinking_Vi
sible_with_Public_Representations

Models make student thinking and misconceptions 
visible

Allow discussion of alternative explanations for a 
phenomenon

To maximize benefits:
Avoid generic models

Engage in discussion to uncover student ideas and 
misconceptions 
https://scialert.net/fulltext/?doi=jas.2009.865.873#:~:t
ext=Moreover%2C%20some%20misconceptions%2
0were%20also,falls%20only%20when%20clouds%2
0evaporate.

https://www.researchgate.net/publication/263471256_The_Modeling_Toolkit_Making_Student_Thinking_Visible_with_Public_Representations
https://www.researchgate.net/publication/263471256_The_Modeling_Toolkit_Making_Student_Thinking_Visible_with_Public_Representations
https://www.researchgate.net/publication/263471256_The_Modeling_Toolkit_Making_Student_Thinking_Visible_with_Public_Representations
https://www.researchgate.net/publication/263471256_The_Modeling_Toolkit_Making_Student_Thinking_Visible_with_Public_Representations
https://scialert.net/fulltext/?doi=jas.2009.865.873#:~:text=Moreover%2C%20some%20misconceptions%20were%20also,falls%20only%20when%20clouds%20evaporate
https://scialert.net/fulltext/?doi=jas.2009.865.873#:~:text=Moreover%2C%20some%20misconceptions%20were%20also,falls%20only%20when%20clouds%20evaporate
https://scialert.net/fulltext/?doi=jas.2009.865.873#:~:text=Moreover%2C%20some%20misconceptions%20were%20also,falls%20only%20when%20clouds%20evaporate
https://scialert.net/fulltext/?doi=jas.2009.865.873#:~:text=Moreover%2C%20some%20misconceptions%20were%20also,falls%20only%20when%20clouds%20evaporate


Developing a Consensus Model: Process

1.  Take out previous individual and small group models

2. Notice differences and ask questions about models

Questions to ask:
● What does this symbol mean?
● What revisions did you make after…?
●  If there are conflicting components in models, ask “What evidence supports this 

part of the model?”
●   What specific information do we need to explain this phenomenon?
●   How is this part of the model relevant to explaining this phenomenon?

3.  Agree on components to include in the new model that are important for explaining 
the phenomenon

4. Make sure your consensus model has new information to address the specific 
phenomenon 



Developing a Consensus Model

Develop a model to explain the 
groundwater contamination problem you 
observed yesterday.

Use concepts and vocabulary from class 
in your model and (explanation)

What concepts and vocabulary are 
relevant for this model?

What information must be added to reflect 
the specific phenomenon?



Additional Ideas for Modeling and Making Thinking Visible

Modeling instruction
American Modeling Teachers Association
https://www.modelinginstruction.org/

Whiteboarding: multiple representations
Graphs, data tables, motion maps, diagrams, free 
body diagrams, mathematical models

http://www.
pz.harvard.
edu/project
s/visible-thi
nking

http://www.pz.
harvard.edu/p
rojects/visible-
thinking

https://www.modelinginstruction.org/


Consensus Model Reflection: Discuss

1.  What did you learn from the modeling process and working on the consensus model today?

2.  Why do you think modeling is important?

3.  How could you use modeling or other visual thinking strategies with students?


