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What goes down,

must come up?

Modeling Ground Water

	Lead Staff Member

Ted Leuenberger 
	
	Time Allotment

2-3 periods 
	


Overview

	Students will use the Colorado School of Mines Plastic Ground Water Model to observe how surface water moves into aquifers.  Aquifers are used to supply communities with fresh water.  Using this model, students will see the affect surface and underground pollution might have on the quality of well water.  


Instructional Cluster

	· Sense of Purpose
	(  Eliciting Ideas
	(   Engaging Learners 

	Learners will identify how surface and sub-surface pollutants might enter an aquifer and contaminate a fresh water source such as a well. 
	Discuss types of surface and sub-surface pollutants and ways that those pollutants might enter an aquifer.
	Using the Colorado School of Mines Plastic Ground Water Model, students set up a situation in which a pollutant might enter an aquifer.

	· Developing and Using  

Scientific Ideas 
	· Reflecting on Ideas   and Experiences 
	(   Assessing Progress  

Using what they have learned from this experience, students design methods to reduce aquifer pollution.

	Students compare the results of the different models and develop ideas about containing or diverting the pollutants.  Students develop an experiment to test the idea.
	Students discuss the effectiveness of each solution.  Students discuss the practical application of these methods.
	


	Objectives
· Students will identify how surface and sub-surface pollution might enter fresh water aquifers.

· Students will hypothesize and test situations that might help reduce surface and/or sub-surface pollution.
	Materials

	· 
	· Colorado School of Mines Plastic Ground Water Model

· Various sizes of gravel to fine sand.

· Kaolin clay (Porcelain clay from art teacher is mostly Kaolin)

· Plastic grocery bags

· Food coloring, powdered drink mix, and vegetable oil

· Beakers or cups

· Film canisters



	
	Safety Issues/Precautions  

	· 
	Use protective lab aprons, as food coloring will stain clothing.


	Background 



	Surface water seeps into the ground and becomes part of the water table and existing aquifers.  What possible affects will surface and near surface pollution have on water quality.  Much of our fresh water supply comes directly from wells being supplied by aquifers.   As surface water enters the ground and flows through an aquifer it will carry these pollutants with it into the aquifer.  Surface pollution that could be carried include oil, salt fertilizer, and pesticides.  Near surface items such as septic systems, landfills, and buried waste can also contribute to aquifer contamination.

	Procedure



	1.  In small groups, have students think of situations that might cause materials to be placed on or near the surface that they would not like to have wind up in their drinking water some day.  Some examples (oil spill, landfill, etc.) may be offered to get them started.  Each group should share this list with the class. 

2.  Students set up a situation using the CSM Ground Water Model to model how surface or subsurface pollutants might enter an aquifer that is supplying water to a well system.  Students prepare a diagram of how the layers and pollutant will be positioned in the model.  The students construct the underground system in the CSM Ground Water Model using layers of different materials.  (Always place gravel in the layer from which the well will draw water. Sand tends to clog the end of the well.)  A confining layer may be made of clay but using clay is messy and difficult.  To be a true confining layer, the clay must be sealed to the side of the box.  When additional material is added, the box spreads out and often breaks the clay seal.  An alternative is to cut a plastic bag (Saran wrap works well) to a width of 2.5 inches and as long as desired.  Place this in the model with the edges turned up. Carefully add the next layer of material so that the turned up edges seal against the sides.  If the well tube is to go through the confining layer, punch a small hole in the plastic and position the well tube through that hole.   As each layer is added, water should also be added, otherwise air pockets will develop and air will be forced up which will also break the seal of the confining layer.

Students chose a pollution situation to test.  Sprinkling drink mix powder on the surface can test surface pollutants.  Burying a paper towel soaked with food coloring, burying drink mix powder, or burying a film canister with food coloring can test sub-surface pollutants.  The film canister needs to have some holes poked in it and it needs to be weighted down with some pebbles so that it will not float to the surface.

The ground water model should be kept within a larger tray so any mess can be contained.  The well tube should be positioned in the desired layer before any other layer is added above that layer.  Water should be added as layers are added to avoid air pockets.  Water is most easily added by pouring water on the surface. A spray bottle can be used to simulate rain.

Diagram how the pollutant moves through the Ground Water Model.

To produce a measurable situation, establish an amount of water to be added and removed that will represent one year (i.e. add 25 ml. of water to the surface and remove 25 ml. from the well).  Each "year's " sample can be placed in separate test tubes or clear plastic cups to compare the amount of contamination.  In the case of surface pollution, different colored pollutants can be added each year to see how many applications might affect the aquifer.

3.  Groups present and discuss results.  During discussions, appropriate terms relating to this activity need to be reinforced

4.  Groups design a way that might reduce or prevent the pollutant from entering the aquifer.  The design is tested using the CSM Ground water Model.

5.  Groups discuss the effectiveness of the solutions, improvements that were made and how practical those solutions might be in a real situation.  

6.  Groups present data to the class, discuss the success of tested solutions and present possible practical solutions.


	National Research Council Science Education Standards


Teaching  

	Teaching Standard A  Teachers of science plan an inquiry-based science program for their students.

· Select science content and adapt and design curricula to meet the interests, knowledge, understanding, abilities, and experiences of students. 

· Select teaching and assessment strategies that support the development of student understanding and nurture a community of science learners. 

Teaching Standard B  Teachers of science guide and facilitate learning. 

· Focus and support inquiries while interacting with students. 

· Orchestrate discourse among students about scientific ideas. 

· Challenge students to accept and share responsibility for their own learning. 

· Recognize and respond to student diversity and encourage all students to participate fully in science learning. 

· Encourage and model the skills of scientific inquiry, as well as the curiosity, openness to new ideas and data, and skepticism that characterize science.

Teaching Standard C  Teachers of science engage in ongoing assessment of their teaching and of student learning. 

· Use multiple methods and systematically gather data about student understanding and ability. 

· Analyze assessment data to guide teaching. 

· Guide students in self-assessment. 

· Use student data, observations of teaching, and interactions with colleagues to reflect on and improve teaching practice. 

Teaching Standard D  Teachers of science design and manage learning environments that provide students with the time, space, and resources needed for learning science. 

· Structure the time available so that students are able to engage in extended investigations. 

· Create a setting for student work that is flexible and supportive of science inquiry. 

· Ensure a safe working environment. 

· Make the available science tools, materials, media, and technological resources accessible to students.

· Engage students in designing the learning environment.

Teaching Standard E  Teachers of science develop communities of science learners that reflect the intellectual rigor of scientific inquiry and the attitudes and social values conducive to science learning. 

· Display and demand respect for the diverse ideas, skills, and experiences of all students. 

· Enable students to have a significant voice in decisions about the content and context of their work and require students to take responsibility for the learning of all members of the community. 

· Nurture collaboration among students. 

· Structure and facilitate ongoing formal and informal discussion based on a shared understanding of rules of scientific discourse. 

· Model and emphasize the skills, attitudes, and values of scientific inquiry.


Inquiry 

Gather, analyze, and interpret data.

Develop descriptions and models using evidence.

Think critically and logically to make the relationships between evidence and explanation.

Content 

Content Standard D  Earth and Space Science 

As a result of their activities in grades 5-8, all students should develop an understanding of the structure of the earth system.

Assessment 
Assessment Standard A  Assessments must be consistent with the decisions they are designed to inform.
· Assessments must be consistent with the decisions they are designed to inform. 

· Assessments are deliberately designed. 

· Assessments have explicitly stated purposes. 

Assessment Standard B  Achievement and opportunity to learn science must be assessed.  
· Achievement and opportunity to learn science must be assessed. 

· Opportunity-to-learn data collected focus on the most powerful indicators. 

Assessment Standard C  The technical quality of the data collected is well matched to the decisions and actions taken on the basis of their interpretation. 
· The technical quality of the data collected is well matched to the decisions and actions taken based on their interpretation. 
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Name  ____________________________

Construct a ground water model:

Show where you want to place each layer of earth material and where and how your pollutant will be located.



Procedure:  (Explain how you are going to add water and keep track of yearly results)

Data table:  (construct a table on your observation page to record data)

Have your diagram, procedure, and data table checked by the teacher before proceeding: 

Teacher check:   __________

Name  _______________________________

Groundwater Observation 

Draw the constructed groundwater model and show how pollutants traveled through the system:



Data table:

Conclusions:
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