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Title: Using technology to solve water pollution problems: Designing a water treatment plant. 

Subject/Level: 8th Grade Science; Can be readily adapted to use with grades 9 to 12
Background: This lesson is one of the final lessons in my water unit.  Students have already learned about the many chemical and microbial water pollution problems that we face.  They understand the importance of cleaning water prior to drinking it. The day before this lesson, my students do an inquiry lab in which they are given a sample of muddy water and told to clean it up using any equipment we have in the classroom.  Students quickly discover that it is very difficult to clean dirty water.  With this experience fresh in their minds, Dr. DuCoste teaches them about drinking water treatment and provides them with an opportunity to use computer software to design a portion of a water treatment plant. 
Summary of Activity: Students learn how drinking water is treated. Students discuss the presentation and answer questions.  Working in small groups, students compete to design a chlorination chamber for a drinking water treatment plant.  A chlorination chamber must retain water long enough to kill a high percentage of the microorganisms.  Baffles (walls) are placed in the chlorination chamber to slow the flow of the water through the chamber.  Slowing the flow increases the likelihood of killing microbes, but adding baffle walls or changing the size of the chlorination chamber increases the cost of the chamber.  The group that designs the cheapest chamber with microbial kill > 99% is the winner and is rewarded with a small prize.   

Prerequisite Skills: 

Students must: understand that the water source used by a drinking water plant contains pollutants and microorganisms that can cause health problems.  The water treatment process removes these impurities from the water before the water is delivered to our homes. 

Fundamental Understanding:

Students will learn about the importance of water as a resource and the role of drinking water treatment.  

Students will learn how technology is used to remove environmental contaminants from water.  

Essential questions: 

What is done to make lake or river water suitable for drinking?

How do engineers and scientists use technology to solve environmental issues?

What is a good design for a chlorination chamber at a drinking water treatment plant?  

North Carolina State Standards:

3.06 Evaluate technologies and information systems used to monitor the hydrosphere. 

3.07 Describe how humans affect the quality of water. 

3.08 Recognize that the good health of environments and organisms requires: monitoring of the hydrosphere, water quality standards, methods of water treatment, maintaining safe water quality, stewardship

Safety Precautions: None
Materials/Equipment:  LCD Data projector, access to Dr. DuCoste’s Powerpoint Presentation and design software, prizes for winning groups, one computer per group if possible, (otherwise students can design their chlorination chambers on paper and the instructor can enter their designs into the computer), color computer printer 

Time Requirement: Two to three 50 minute class periods depending on how quickly design information is entered into the computer 

Assessment:  
Quality and accuracy of essays on water treatment

Creativity in design of chlorination chambers 

 Homework: Students write an essay that explains the importance of water treatment and the steps of the drinking water treatment process

Teacher Pack Contents:

· Lesson Plan

· Dr. DuCoste’s presentation

· Dr. DuCoste’s design software

Activity:  

1. Students listen to Dr. DuCoste’s video presentation on the importance of water as a resource and the drinking water treatment process.  

2. Students answer questions about Dr. DuCoste’s presentation.

3. Students participate in a competition using Dr. DuCoste’s software to design a chlorination chamber that is effective and inexpensive. A chlorination chamber must retain water long enough to kill a high percentage of the microorganisms (in reality >99.9%, but for this competition the target is >99% kill.  Baffles (walls) are placed in the chlorination chamber to slow the flow of the water through the chamber.  Slowing the flow increases control of microbes, but adding walls increases the cost of the chamber. Students can also decide on the shape and size of the chamber, which also has a cost associated with it. The group that designs the cheapest chamber with microbial control > 99% is the winner and is rewarded with a small prize.   

4. The teacher and Dr. DuCoste lead a closing discussion that focuses on: a) the drinking water treatment process, b) the need for economy and effectiveness in design of a treatment plant and c) how engineers and scientists use technology to address environmental issues. 

5. Students brainstorm on how technology has been used to help solve other environmental problems. 

Quick directions to start Water Treatment Software:
(Note that there are detailed explanations of all parts of the software in the “help” tab)

1) Click on “ Reactor_Design.exe”.

2) Click on “Design” button.

a. This will open up the main window that has several buttons on the side and sub-windows where the reactor will appear and coordinate axis of the reactor (bottom right corner)

3) Click on “Design” button at top menu and select “New”.

a. This will create a new reactor configuration. You will have the option to start with an existing design (default with one inlet and outlet, a baffle wall, and a cylindrical obstruction denoted as a lamp) or completely new configuration.

b. You should start with new design (no default conditions) so that the student design can be implemented from scratch.

4) Click on microorganism symbol button to put in the response of the microorganism to chlorine. 

a. The number should be between 0 and 1. Best value is 0.005

5) Click on the “R” button to setup the size of the reactor.

a. On the right side, the “height and width box will appear. This is where you will input the overall dimensions of the reactor. Once you have input these dimensions, click on “ok” button. The reactor border should appear on the main screen.

6)   Click on the green arrow button to setup the inlet location.

a. Provide the name, width of opening, velocity, and location in the bottom right corner. Use the map at the bottom corner to guide you about the location. When completed, click on the “ok” button.

7)   Click on the red arrow button to setup the outlet location.

a. Provide the name, width of opening, and location in the bottom right corner. Use the map at the bottom corner to guide you about the location. When completed, click on the “ok” button.

8)  Click on the alternating wall symbol to setup baffle locations.

a. Fill out info on location, length, and width of the baffle walls. To add more baffle walls, click on the upside down triangle symbol next to the “add” button and select baffle. Note that this procedure could be done to add any object to the reactor.

9)  Click on the green arrow to send the job to the simulator engine.

a. You will see a screen appear that displays the simulator engine working. The program will inform you when the simulation is complete.

10)  To view the results, press the double arrow button located below the green arrow button from step 9.

a. A new visualization program will open and show you the simulation results. First, click on the X-Y button in the top right corner. Then click on the upside down triangle window and select the variable “C1” to view the concentration of microorganisms that are alive in the reactor. Note that red represents a high concentration of living microorganisms and blue represents a low concentration of living microorganisms. You can remove the checkered pattern image by clicking on the checkered button on the left side. Click on the “all” button and press the up arrow key next to that button to increase the magnification of the velocity vectors. These vectors display the speed and direction of the liquid through the reactor. Large arrows represent high water speed.

Essentially, parameters that must be specified include

1) Reactor size

2) Inlet and outlet location and width

3) Inlet velocity

4) Microorganism sensitivity to disinfectant

5) Baffle wall width, location, and length

Enrichment/Alternative Activity: This activity could be preceded with a lab where students plate and grow microorganisms on agar from treated and untreated water. If enough computers are not available for each student group, students can design their chambers on paper and one person can enter the design of each group into a computer. For visual learners, drawing and labeling a diagram of a water treatment plant may be more effective than writing an essay. Advanced students could design and build a model of a drinking water treatment plant.  Students can observe how a waste water treatment plant works using Carolina Biological’s Waste Water Treatment Kit (Catalogue #: HT-18-1015 - $180).  Note: this is a model of a waste water treatment plant, not drinking water.)

Cross-Curricular: Students experience how an engineer or scientist applies technology to solve environmental issues.  Writing skills are used in the essay assignment. Math is used in the design of the chlorination chamber. 

Resources:   

http://www.epa.gov/safewater/dwinfo/nc.html         

http://www.epa.gov/ogwdw/kids/index.html
http://www.nesc.wvu.edu/ndwc/ndwc_Kids_DWinfo.htm
http://www.kathimitchell.com/water.htm
http://chetday.com/waterarticles.htm
http://www.epa.gov/waterscience/KidsStuff/
http://www.learnnc.org/bestweb/water-epa
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Teacher Notes:  Dr. DuCoste’s PowerPoint presentation can be downloaded from the website (http://www.ncsu.edu/kenanfellows/2004/gpowell) and your students can see and hear him make this presentation. The PowerPoint presentation includes the rules for the design competition.  Prior to using this lesson, make sure you are familiar with the use of Dr. DuCoste’s design software and the rules for the design competition. The students’ designs should be printed in color if possible.  The design chamber software uses color change to demonstrate changes in the concentration of the microbes as they move across the chlorination chamber. 
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