6. Water 

Sustainability by the Numbers
1. A leaking water faucet is dripping at a rate of one drop per second. If each drop contains 0.010 tablespoon, how many tablespoons of water will be lost in a year? How many gallons will be lost in a year? (There are 256 tablespoons in 1 gallon.)
2. A leaking water faucet is dripping steadily. You place a container under the faucet for 10 minutes. You then weigh the water you collected and find that it weighs 0.83 pounds. How many pounds of water will be lost in 1 year due to the leak? How many gallons does this equate to?
3. A local pickle factory has offered to donate free 55-gallon barrels to residents who are interested in using them to store rainwater. Your house roof covers a catchment area of 2000 square feet. If your area gets a storm with 2 inches of rainfall within a short time, how many barrels would you need in order to store the full amount of rain that falls on your house? Neglect the quantity needed for the first flush.
4. Find the most current “Summary of Water Use in the United States” from the U.S. Geological Survey. Find the population for that year in the U.S. How many gallons of freshwater a day were withdrawn? Calculate the average per capita consumption of water.
5. In the same “Summary of Water Use” from the previous question, what percentage of total water withdrawals were used for irrigation? Count the number of students in your class, and calculate the quantity of irrigation water per day for which your class is responsible.
6. Providing a continuous slope is important in any drainage system. If a pipe slopes ¼ inch per foot, what is the equivalent slope expressed as a percentage?
7. Challenge problem: Assume that in the previous problem, the temperature of the water in the cold water pipes measures 50°F. That water goes through an electric water heater and comes out of a hot water faucet, where its temperature measures 140°F. How much is the temperature raised? If the hot water faucet is leaking at the same rate as the cold water faucet in the previous problem (leaking 0.83 pounds of water in 10 minutes), and if it takes 1 Btu of heat energy to raise the temperature of 1 pound of water by 1°F, calculate how many Btus of heat energy are lost in 1 year because of the leaking hot water faucet. How many kilowatt-hours per year of electricity are used to heat the water lost through the leaking faucet, if 1 kWh is equivalent to 3413 Btus?
8. Challenge problem: It takes 2500 square feet of roofing material to cover a particular roof.  The roof is 50 feet long, slopes at a 30° angle, and measures 50 feet along the slope from peak to gutter. How large is the footprint of the actual catchment area? (Hint: Use trigonometry to solve one side of a triangle.)


Research Problems
1. Write a paper in which you explore the breaching and removal of dams. Discuss controversies and describe some advantages and disadvantages of removal. Include examples.
2. Write a paper in which you survey global conflicts over the privatization of water. 
3. Research the history of privatization of water in Patagonia, Chile.
4. Go to the EPA’s Water website at http://water.epa.gov/, then visit the section titled “Our Waters.”  What kinds of information is available about water in the region where you live?
5. Go to the Water Resources website of the U.S. Geological Survey at http://water.usgs.gov/. Where can you go to find information about the location, extent, and the geologic and hydrologic characteristics of significant aquifers in the U.S.?
6. Go to the Water Resources website of the U.S. Geological Survey at http://water.usgs.gov/. Find the estimated water use data for the county where you live. What is the most recent year for which data are available? What percentage of water in your county was used for domestic use, industrial use, irrigation, and thermoelectric power plants?
7. Find information about the water table in the area where you live. Write a paragraph describing what you found. Be sure to cite your sources.
8. Determine whether your city or county plumbing codes allow the use of harvested rainwater and whether they allow graywater reuse.
9. Research graywater reuse in state plumbing codes. Make a list showing which states allow graywater reuse, which states forbid it, and which are in the process of changing their codes. Are the codes similar, or are there differences? (Remember that many states adopt a model plumbing code, such as the International Plumbing Code, and either adopt the entire code as written or modify certain details.)
10. Research rainwater harvesting for water supply in state plumbing codes. Make a list showing which states allow harvested rainwater, which states forbid it, and which are in the process of changing their codes. Are the codes similar, or are there differences? (Remember that many states adopt a model plumbing code, such as the International Plumbing Code, and either adopt the entire code as written or modify certain details.)
11. Write a brief report on how ultraviolet light provides disinfection.
12. Find out whether your local utility offers a water conservation program. If it does, what services are offered?
13. Consult a recent utility bill for your household to determine the cost per gallon of water in your area. Find the price of a typical half quart or 1-quart container of bottled water from your local market. What is the cost per gallon? How does this compare with the cost of water from the public water supply?
14. Biomimicry is an approach to design and problem-solving which uses strategies developed by living organisms. AskNature is the Biomimicry Institute’s online database of solutions from nature. You can find the database at https://asknature.org. Go to the strategies and find the category labeled “Get, store, or distribute resources.” List at least 10 ways other organisms have developed to capture water. Include a brief description of how each strategy works.
15. Write a paper or prepare a presentation to share with your class explaining the design and function of water supply systems in ancient Rome.
16. Write a paper or prepare a presentation to share with your class explaining the design and function of qanat water supply systems in ancient and modern cultures of the Middle East.

Projects and Group Activities
1. Think about situations in which the tragedy of the commons applies. Make a table in which you list (1) the economic activity, (2) the benefit to the individual, and (3) the negative impact on the commons.  
2. Write a story in which you describe the journey of a water molecule through the hydrologic cycle.  
3. List the foods you ate yesterday. Alternatively, list the foods you eat on a typical day. Go to the Water Footprint Network at www.waterfootprint.org and calculate as much of your diet’s water footprint as you can.
4. Go to the Water Footprint Network. www.waterfootprint.org and calculate your own water footprint using the extended version of the water calculator. 
5. Find or reproduce a map of the region where you live. On the map, show the source of your water and the paths it follows from its source to your residence.
6. Write a report about the California Water Project. What are the controversies surrounding this water transfer project?
7. Write a report on the Peripheral Canal project in California. Summarize the history of the proposal, and discuss the economic, political, and environmental issues.
8. Write a report about the local water supply system in the region where you live. Find out who manages and distributes the water. Try to determine the age of the system, whether repairs or upgrades are needed, and what the costs and obstacles might be. Find out whether there have been any proposals for privatization and if so, detail who was involved, who supported and opposed the proposal, and what happened.
9. Go to the Water Footprint Network at https://waterfootprint.org/en/. Go to the Multimedia Hub, download the River Basin Game, and play the game as a class.
10. Stage a town hall meeting to make a decision about water supply. Imagine that a multinational corporation with global water holdings has offered to purchase the rights to your town’s water supply. They have proposed to make large, desperately needed investments in the struggling local economy, and their purchase will bring much-needed revenue to the city government coffers, which are nearly empty. Decide which roles to include, and assign one to each student or group of students. Examples include a mayor, city council members, staff members from the local water utility, representatives from the corporation, a local citizens’ group organized in opposition to water privatization, a local citizens’ group in favor of water privatization, and a facilitator. Research relevant background to your role, prepare a brief statement about your position, and be prepared to discuss and answer questions. You may choose to have the city council vote on the proposal at the end of the meeting.
11. Draw and label a simple diagram illustrating the movement of water into, within, and out of a building, such as your school or home. You can use simple boxes and arrows. Show all the possible sources, how the water is treated, where it is used, and where it goes once it has been used.   
12. Conduct research and write a paper explaining the water supply, water treatment system, usage, and disposal for the town or city where you live. If possible, visit your local facility and interview someone knowledgeable about this system as part of your research. Include a map which shows the route the water follows from its source to disposal.
13. Write a report on your personal water consumption. Keep a log of your daily water use for a typical day. Estimate the number of gallons for each use. Indicate how you estimated the amount of water in each use. Calculate how many gallons of water you consume in one year, and calculate as best you can how much of that water is sent to your local sewage treatment facility. 
14. Investigate the flushing mechanism of an ordinary toilet and explain its operation, using pictures and a verbal description.
15. If your institution does not already treat and reuse graywater, design a simple demonstration project to do so. As a group, decide what steps will be needed. These steps might include research, meeting with staff at your school, selecting a site, working out technical details, installation, monitoring, and communication.
16. Design a rainwater harvest system for a home with a catchment area of 2000 square feet. The house is in a rainy area that receives an average of 60 inches of rainfall a year, with a 2-week dry spell each summer. The home has 2 residents who each use an average of 60 gallons of water per day. How large a cistern will be needed? Will the home’s roof be adequate to supply the household’s water needs?
17. Design a rainwater harvest system for the place where you live. Include all calculations.
18. Carry out a simple water audit on one of the buildings that you regularly use at your institution. 
19. Design a water conservation campaign to encourage staff and students to reduce water use at your institution or in one building of your institution. Begin by conducting a simple water audit. Then develop a water conservation plan. What is the potential for rainwater harvesting and graywater reuse? In what ways can users reduce their water use? How will you educate users? How will you motivate people to take these steps? 
20. Imagine that people in your class are members of a legislative committee for water issues in a state where the aquifers are being depleted. Farm production is declining, and some irrigation wells have gone dry. The population of the state’s largest city is growing, and with it the demand for water is increasing. What will you do? Assign an area of research to each student or group of students. Then as a committee, discuss what kinds of policy changes you will consider in order to address this situation. Each member should then write a report detailing your recommendations. 
21. Visit your local utility, water treatment facility, and wastewater treatment facility, if possible. Working in small groups, create and label a map or diagram which illustrates the life cycle of water in the area where you live. Include the source of the water supply, distribution systems, users, treatment sites, and beyond. Some groups may want to focus on residential use, others on commercial and public use, others on industrial use. 
22. If your college or university uses bottled water, consider a Take Back the Tap campaign; go to the website for Food & Water Watch to find project resources. 
23. If your college or university does not yet use low-flow faucets and toilets, consider organizing an initiative to replace fixtures with low-flow models. There may be grants or other funds available at your institution.
24. Quantify your college or university’s consumption levels by preparing an indicator report. You can use the water section of the Sustainability Tracking, Assessment & Rating System (STARS) from the Association for the Advancement of Sustainability in Higher Education (AASHE). Working with staff from your facilities department, use utility bills plus enrollment, employment, and facilities data to calculate total water use in gallons per person per day and per building square feet per day. 
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