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Landfill Modeling
Adapted from PLT Municipal Waste Unit

	Lead Staff Member

        Jason Meyer
	Time Allotment 

   1 hour 15 minutes


Overview

In this activity, learners build model landfills and examine how different methods of construction can lead to more or less leachate entering the environment.

Instructional Cluster

	· Sense of Purpose
The purpose of this exercise is to expose students to landfill construction design and problems associated with landfill construction.
	· Eliciting Ideas

The introductory questions will help the instructor get a feel for current understanding.
	· Engaging Learners 

Learners will have the opportunity to physically design a model landfill that they think will contain leachate.

	· Developing and Using  

Scientific Ideas

This lesson will identify technical terms that learners must know to fully understand the thought that must go into constructing a landfill. 
	· Reflecting on Ideas   and Experiences 
Learners will demonstrate their landfill models and reflect on how they can be improved.
	· Assessing Progress

The various landfill models developed by students serve as an assessment.  As students explain their models, the instructor can assess their knowledge and understanding.  The follow-up discussion questions can also be used as an informal assessment.


	Objectives
· Students will learn why liners are an important part of pollution control in landfills.


	Materials

	
	· About five 2-liter soda bottles

· 5 lbs. each of white sand, potting soil, light gravel, and clay

· Five 6” x 6” pieces of flexible plastic (plastic baggies work well)

· Photocopies of “Current Landfill Design” student page

	Background

* This information is from PLT Municipal Solid Waste Module “Landfills” unit, pages 87-91.

Landfills are currently the most common way we deal with our municipal solid waste (MSW) in the United States.  About 63% of our solid waste is put into landfills.  Unlike the unregulated dumps of the past, the amounts and types of waste entering the site and how it is added are regulated in modern landfills.  Waste haulers unload the waste at the site, and then it is spread into thin layers, compacted, and covered daily with a fresh layer of soil or plastic foam to keep the waste from blowing around and to prevent odors.

During the decomposition process, anaerobic microbes produce two substances that cause problems in landfills:  methane and leachate.  Methane is considered a greenhouse gas that contributes to the heat-trapping ability of the atmosphere.  Some microbes, called methanogens, produce methane as the end product of the breakdown of organic matter.  The released methane fills the gaps between waste particles in the landfill.  This methane can seep out through cracks in the soil, or it can build up to high levels, increasing the risk of explosion.  In newer landfills, this problem is controlled by placing pipes into the landfill to release the methane gas.  Much of it is either burned off or collected and combusted under controlled conditions to produce electricity.

In addition to methane production, decomposition can break down solid items into a liquid form or can break down outer coverings of items, thereby releasing the liquid contents.  For example, anaerobic bacteria can corrode the metal casings of batteries, allowing the heavy metals inside to leak out.  This liquid, called leachate, is also formed when rainfall percolates through the waste.  As the water travels down through the landfill by force of gravity, it picks up particles and chemicals along the way.  This leachate eventually runs to the bottom of the landfill where, if it is not contained by a liner or collection system, it can seep into the soil beneath the landfill.  This seepage can cause pollution of both the soil and the groundwater.

One of the earliest methods of waste disposal was dumping waste in pits or depositing it in open dump sites.  Dumps were areas where unwanted goods were deposited in open piles on unused land.  The types or amounts of materials that were brought to dumps were not regulated, and no environmental controls existed to prevent pollution or the spread of disease.  Dumps eventually became landfills where waste was placed in layers covered with soil.  These older landfills were sited in wetlands or near river banks where harmful chemicals could easily run off or leach into the surface or groundwater, thus damaging plant and animal life.  These landfills did not have the state-of-the-art environmental control devices that help protect our environment and human health today.

As a result of much stricter regulatory requirements landfills today must contain many engineering features that are intended to minimize hazards to the environment and public health.  As of 1993, all landfills were required to have a liner made of natural earth materials or synthetic plastic.  New federal regulations require that liners consist of a combination of soil and plastic, called a composite.

Common designs for controlling pollution include a layer of sand that is under the garbage and that contains the leachate collection system.  Underneath the sandy layer is a flexible plastic liner and then at least a 2-foot layer of clay.  Other control devices include probes for detecting methane leaks, methane recovery systems, leachate monitoring wells, leachate treatment systems, and groundwater monitoring wells.



	Procedure




1. Begin activity by asking discussion questions outlined on page 91.  Record answers.

2. Have learners construct model landfills based on instructions on page 91.

3. Each group should demonstrate their model.

4. Give students “Current Landfill Design” student page and review each of the features of the landfill.  Discuss the importance of the liner and other pollution control measures.

5. Ask discussion questions on page 92.

	National Research Council Science Education Standards




Professional Development

Professional Development Standard A  Professional development for teachers of science requires learning essential science content through the perspectives and methods of inquiry.  

· Involve teachers in actively investigating phenomena that can be studied scientifically, interpreting results, and making sense of findings consistent with currently accepted scientific understanding.

· Address issues, events, problems, or topics significant in science and of interest to participants.

· Build on the teacher’s current science understanding, ability, and attitudes.

· Encourage and support teachers in efforts to collaborate.

Professional Development Standard B  Professional development for teachers of science requires integrating knowledge of science, learning, pedagogy, and students; it also requires applying that knowledge to science teaching.

· Address teachers’ needs as learners and build on their current knowledge of science content, teaching, and learning.

· Use inquiry, reflection, interpretation of research, modeling, and guided practice to build understanding and skill in science teaching.

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 expertise of students.
Content 

Content Standard A  Science as Inquiry

Abilities necessary to do scientific inquiry.

Assessment 
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.

· Students have adequate opportunity to demonstrate their achievements.

	Resources

	Project Learning Tree Exploring Environmental Issues:  Municipal Solid Waste Unit 6
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Landfill Siting
Adapted from PLT Municipal Waste Unit

	Lead Staff Member 

          Jason Meyer                                                 


	Time Allotment 

         45 minutes


Overview

In this exercise, learners are presented with different places for proposed landfills.  Based on their knowledge of landfill construction and environmental problems associated with landfills, they are to decide the benefits and drawbacks of each site.  They are required to defend their answers.

Instructional Cluster

	· Sense of Purpose
The purpose of this lesson is to encourage students to develop critical thinking skills about landfill placement.
	· Eliciting Ideas


	(   Engaging Learners 

	· Developing and Using  

Scientific Ideas 

The material in this exercise builds on prior knowledge to develop an evidence-based argument for their decisions.
	· Reflecting on Ideas   and Experiences 
After the proposals, the class will reflect and discuss on what was covered.
	· Assessing Progress 

Prior knowledge must be applied to learners’ work, rather than simply applying a formula. 


	Objectives
· Students will consider the various social and environmental factors involved in the decisions made when a site is chosen for a landfill.


	Materials

	
	· Photocopies of “EPA Federal Regulations for Municipal Solid Waste Landfills” student page

· “Site the Landfill” cards

	· 
	


	Background 

See background for Landfill Modeling Exercise.

* This information is from PLT Municipal Solid Waste Module “Landfills” unit, pages 87-91.

Ideally, landfills should be located away from population centers, yet be easily accessible by road for MSW transportation vehicles.  Landfill sites are preferably located on flat ground, away from surface water, on impervious rocks, and on soil that does not allow groundwater to flow through it easily.  Unfortunately, nature and society are rarely able to provide the ideal sites for landfills.  Therefore, communities must weight the pros and cons of each possible site and arrive at a decision that is ecologically sound, economically feasible, and socially acceptable.

Evaluating potential landfill locations is a difficult and time-consuming project.  Many factors must be taken into account when evaluating a potential site, including soil type, climate, hydrology (movement of water through soil, atmosphere, bodies of water, and plants), geology, ground slope, seismic activity, existence of transportation routes, proximity to communities, proximity to sensitive environments (wetlands and floodplains), and wildlife.

Because of the difficulty of siting new landfills, many municipalities have developed an integrated waste management plan.  These plans are designed to reduce the amount and type of waste that is sent to landfills.  By reducing the amount of waste sent to landfills, we can prolong their use and reduce the need for new ones.  This integrated approach may incorporate using source reduction, recycling, composting, and using waste-to-energy facilities.



	Procedure




1. Lead introductory discussion as outlined in step 1 (page 92).

2. Review “EPA Guidelines” student page with class.

3. Divide learners into five groups and assign each group a different site from the “Site the Landfill” student page.

4. Groups should develop a proposal per step 3 (page 92).

5. Members of each group should present their proposal to the class, describing risks and benefits and how the landfill will affect the six factors mentioned in step 3 on page 92.  The group should answer any questions  posed by the class.

6. After all of the presentations, the class should discuss the sites in general.  Which site had the most problems?  Which problem was most difficult to resolve?  Which site had few problems?  What about social problems?

7. Conclude by asking why people often have a NIMBY attitude about landfill siting.

	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 expertise of students.
Content 

Content Standard A  Science as Inquiry


Abilities necessary to do scientific inquiry

Content 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.


Abilities of technological design

Assessment 
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.

· Students have adequate opportunity to demonstrate their achievements.

	Resources

	Project Learning Tree Exploring Environmental Issues:  Municipal Solid Waste Unit 6
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