WHERE WATERS AND LAND MEET - Section H: What is Man-made Water Cycle                       


Part 2: Social and Economic Elements of Water and Coastal Resources Management
Section H:

THE MAN-MADE WATER CYCLE

Water is essential for life

Water is essential to all plant and animal life. No organism can live without it. Therefore, it is not surprising that human life also depends on water. Not only we depend on water for our survival, also our economic development depends on water as one of the most important resources.

Water goes around, comes around

People use water for drinking and food preparation, for cleaning, entertainment etc. Water is also used for watering crops in agriculture and as part of technological processes in industry. 

After the water is used, drinking water becomes wastewater and we dispose it. Wastewater goes into a sewer, which leads to a wastewater treatment plant, and from there cleaned into a river, lake or the sea. In the countryside, where there is no sewage system, the wastewater should go into a septic tank or “cleaning” lagoon. 

Both together, a water supply system and a sewage system, form a man-made water cycle.

WATER SUPPLY SYSTEM

Water supply system can be individual or communal, and depends on the type of water resources it uses.

Water resources

Most of the earth’s surface is covered with water, but only a tiny portion of it is fresh water. Even most of the fresh water is not available at all to humans for use. 

Glaciers represent the most important resource of fresh water in the Earth: almost 77% of fresh water (or 2,01% of all water). Unfortunately, water from glaciers is not available for use to most living creatures on the Earth. 

Most of all running fresh water is stored in the ground as groundwater and aquifers. That is a little more than 22% of all fresh water (or 0,58% of all water). Groundwater is basic resource of water for land-plants. Humans can consume water in fruits and vegetables, or we can reach water in aquifers through building deep wells. 

Springs, rivers and lakes represent less than 1% of fresh water (which is 0,02% of all water). In the past, this water was the most accessible water for human use. Unfortunately, this is no longer the truth, since most of that water is much too polluted to be safe for drinking. Therefore, we have to do everything to keep these water resources clean and safe.

In the air, one can find water as vapor and clouds. Even though that sometimes clouds look so huge and heavy, there is less than 0,04% of all fresh water in the air or approximately 5% of water in rivers and lakes (which is 0,001% of all water). Even though that this seems to be very little water, in some places rain represents the main or even the only resource of drinking water

Fresh water can be obtained also from seawater by a process called desalination. There are several ways to desalinate salt water: evaporation, reverse osmosis, membrane electrolysis, and freezing. The least expensive of these methods is usually evaporation. Desalination is seen as a solution to fresh water shortages by some people, but the energy requirements of these procedures cause desalinated water to be very expensive. Desalinated water costs six times as much per unit as fresh water. As of 1985 about 600 desalination plants around the world produced approximately 1000 million litres of fresh water per day. 

Individual water supply


Using wells to reach groundwater and tanks to collect rainwater are two of the most common types of individual water supply.

· Wells: 

A well is a hole in the ground that reaches into the groundwater. In ancient days, these wells were dug by hand and lined with stones or bricks to prevent the sides from collapsing. Today, most are formed by drilling in a 5-10 cm hole and lining it with metal or plastic piping. A well must be dug deeper than the water table (top surface of the saturated zone). Water is usually pumped by hand, windmill, or motor-driven (electric- or fuel-powered) devices. 

The biggest problem facing well water is contamination. Sources of groundwater pollution are leaking septic tanks, fertiliser, pesticides, industrial waste, salt intrusion etc. When a groundwater source is contaminated, it is very difficult and expensive to correct. The best way to protect well water is to prevent contamination from occurring. Wells should be properly located in order to avoid contact with contaminants.

· Rainwater tanks:

Rainwater tanks usually collect rainwater from roofs. Before it is stored in the rainwater tanks, rainwater cleans through sand and charcoal filters. When used, it should be boiled so that the germs dangerous to public health are eliminated. Water is usually pumped from the rainwater tanks by hand or motor-driven devices. Main problems facing water from rainwater tanks is air contamination.

Community water supply system

Community water supply systems are far the safest way of supplying people with drinking water of good quality. A community water supply system starts with a water treatment plant, which pumps water from a source (lake, river, or groundwater), treats the water, and pumps it to water towers or holding reservoirs placed on hills. From there, water flows by gravitational force throughout the distribution system to every house. Where there is not enough gravitational force, water distribution is driven by motorised pumps.

Drinking water treatment

Water treatment is the process of cleaning water and making it safe for people to drink. Both, water coming from surface waters and groundwater is used for drinking. Water in lakes, rivers, and swamps contains impurities that may make it look and smell bad. But even the water that looks clean, may contain harmful chemicals or bacteria and other organisms that can cause disease. 

In the past, waterborne diseases were a major public health concern but today many of these diseases are no longer a health threat in Vietnam because of the improved water treatment. Technicians working in drinking water facility laboratories make thousands of tests each year to insure that drinking water supply is free of disease-causing bacteria. It takes the efforts of both state governments as well as local water supply systems to keep drinking water safe and in good supply. 

Water treatment plants clean and maintain the quality of drinking water by taking it through the following processes: 

(1) aeration: to expose the water to circulating air; adds oxygen to the water and allows gases trapped in the water to escape; 

(2) coagulation: the process by which dirt and other suspended solid particles are chemically “stuck together” by adding chemicals like alum or chlorine, so they can be removed from the water; 

(3) sedimentation: the process that occurs when gravity pulls particles to the bottom of the tank; 
(4) filtration: the process of passing water through sand and charcoal filter to separate out matter in suspension; 

(5) disinfection: the use of chemicals (usually chlorine) and/or other means to kill potentially harmful microorganisms in water; 

SEWEGE SYSTEM

The use of water depends on economic conditions. In some of the poorest areas of the world, each person uses an average of 6 litres of water a day, which is just enough for bare survival. In some of the richest areas of the world, the use of water per person can go up to 500 litres of water a day, which includes water for flushing toilets, watering gardens, daily changing of water in swimming pools etc.

All of that clean water that comes into our houses, leaves our house as wastewater, which goes into sewers and then to wastewater treatment plants. In the countryside, wastewater goes into large underground tanks called septic tanks.

Wastewater treatment plant

Treatment of wastewater at a treatment plant includes primary, secondary, and advanced treatment. 

(1) The primary treatment of wastewater uses bar screens to filter out solid waist, and sedimentation tanks to settle out suspended solids, that are pumped from the bottom into another settling tank.

(2) Secondary treatment uses biological processes where the culture of bacteria break down the wastes. The growth of bacteria is increased by aeration of wastewater. The bacteria attach to suspended solids and form flocks that settle out in the secondary sedimentation tank. 

(3) The advanced treatment processes include filtering through sand and gravel, disinfection using chlorine, ultraviolet light, or ozone to kill dangerous or pathogenic (disease-causing) bacteria, and various other chemical treatments of water (elimination of nitrates and phosphates).

The cleaned wastewater can be used for irrigation or released back into a lake or river. For discharge and disposal, wastewater must meet certain standards set by state governments. Wastewater solids, meeting additional criteria for beneficial use, are called biosolids. They can be used as a nutrient-rich fertilizer. 

Septic tanks system

People who live in small towns and rural areas are often not connected to a sewage treatment system; therefore, they must depend on an alternative method of disposing of wastewater. Septic tank systems provide a safe and effective means for waste disposal if they are properly sited, installed, and maintained. 

A septic tank is a large concrete or fiberglass tank that is buried underground. A septic tank system contains of two major components: a holding tank (the septic tank itself) and the absorption field. The septic tank separates the solids from the liquids. The solids settle at the bottom of the tank. There is also a scum that collects on top of the water. Both of these will remain in the tank and must be pumped out periodically and disposed of at a waste treatment facility or an approved disposal site.

The wastewater is passed on to the absorption field through a connecting pipe. This field is also known as the soil drain field or the nitrification field. It consists of underground perforated pipes that commonly are in a closed loop system. 

 As the effluent flows through these perforated pipes, human waste (containing fecal coliform bacteria) is filtered out as it passes through the unsaturated soil, percolating downward to the groundwater. The water is purified by the microorganisms that live in the soil and feed on nutrients from wastewater.

To avoid contamination, rural houses with both septic tanks and a private well typically must not have their well within 40m of the tank, and well casings must be sealed. This is intended to prevent the well water from being contaminated with fecal coliform bacteria and other harmful microorganisms from the septic system.

People with dwellings along lakes and rivers who have septic systems for their sewer and wastewater disposal must locate the absorption fields and pipelines no closer to the stream or lake than 20m, thus providing adequate filtration to remove microorganisms. However, if the ground is too wet or if the soil is too sandy, the distance may not be adequate; microorganisms may filter through to the lake or stream. Because this would contaminate lake or river waters, beaches in both public and private recreational areas should be closely monitored.

Prior to septic tank installation, percolation tests are run to determine how well the absorption field will work, and how quickly wastewater will move through it. 

Constructed wetlands

In a constructed wetland, wastewater flows through a septic tank or other primary treatment and into the cell or compartment of the wetland. The bottom and sides of the cell are lined with a waterproof liner to prevent leaks and keep the water level even. Plants such as reeds, water hyacinth, cattails and bulrushes absorb trace metals. Suspended solids and other trace metals settle to the bottom of the wetland as sediment. As is the case in a wastewater treatment plant, bacteria do most of the work of removing pollutants. Though wetlands plants remove some pollutants, their chief benefit is to provide an enhanced environment for bacterial growth.  Extra water soaks into the ground because the second cell is not lined. Water left over from this cell is clean enough to discharge.

Another benefit of constructed wetlands is the creation of wildlife habitat. Constructed wetlands also become areas for educational opportunities.

Septic tank systems, constructed wetlands, as well as other alternative methods that rural areas may use to treat wastewater are good solutions, however, if these methods are improperly sited, poorly constructed, and/or poorly maintained, they become a serious threat to groundwater quality and public health.

MANAGEMENT

Drinking water is not free. Drinking water treatment facilities and the distribution of drinking water are costly. The same is true for sewage system and wastewater treatment. Customers are charged according to the amount of water they use. Therefore, it is important that we properly manage both systems and the available resources. 
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Lesson H1:  WATER GOES AROUND, COMES AROUND 
Main idea:  People use water for drinking, cooking, bathing, flushing the toilet, laundry, washing cars, and watering lawns. Factories, farms, stores, public utilities, and homes use millions of litres of water daily. It is a big job for water treatment facilities to supply clean drinkable water to a town, city, or community. After we use it, drinking water becomes wastewater and goes into pipes to a sewer, which leads to a wastewater treatment plant and cleaned into a river, lake or the sea. In the countryside, where there is no sewage system, the wastewater should go into a septic tank or constructed wetland. When used water comes back to nature and becomes a part of a natural water cycle, the man-made cycle is completed.

Goal: To present the man-made water cycle and to relate it to the natural (hydrologic) water cycle.

Concepts: use of water, water disposal  →  man-made water cycle → water resource, drinking water treatment, distribution system, use of water, wastewater, sewer, wastewater treatment plant;

Introduction: We need water, we dispose water
Have a discussion with students about the man-made water cycle and try to find out all its elements: 

· How does the water that you drink get to your house? (It is piped from the river to the treatment plant, to a reservoir or storage tank, then to your homes.)

· How does the water get to your school? (the same process) 

· What happens to the water when it leaves your home or school? (It goes to a sewer system that leads it to a wastewater treatment plant, then it is discharged back to the river or lake.)

· Where do people, who do not live near a river or lake and do not have access to a city water distribution system, get their water? (wells) Where does wastewater from homes not connected to a sewer system go? (septic systems)

Activity: Man-made water cycle
Materials: colour pencils, Worksheet H1/1: “Man-made water cycle”
1. Distribute to the students a Worksheet H1/1 “Man-made water cycle” and discuss with them all the elements of the man-made water cycle. Explain them that all these elements represent water cycles created by people.

2. Let students solve the tasks in the worksheet.

3. Repeat the questions from the “Introduction” and let the students answer them again. 

Discussion: Man-made water cycle vs. hydrologic water cycle

Compare/contrast this human-created water cycle to the natural water (hydrologic) cycle. (In the man water cycle water comes from a lake or a river, it is distributed through a community, then goes to a wastewater treatment plant and back to the river. The hydrologic cycle is the movement of water from the atmosphere to the earth, from where it returns to the atmosphere again. Both cycles are continuous.)

· What are the similarities? (Both cycles are continuous.)

· What are the differences? (In nature water cleans through natural processes, in a man-made water cycle the wastewater treatment is often missing, but it should not be.) 

Worksheet H1/1:   MAN-MADE WATER CYCLE

Directions:  Study the picture and find out the path of water through water distribution and water disposal systems. Take colour pencil and colour pipes in the water distribution system in blue, and pipes in the water disposal system in orange. Than name and mark all the elements of the man-made water cycle:
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MAN-MADE WATER CYCLE:  

________water resource

________drinking water treatment

________distribution system

________use of water

________wastewater

________sewer

________wastewater treatment

________discharge

Lesson H2:  DRINKING WATER RESOURCES 
Main idea: Our planet has a vast supply of water but only a tiny fraction is readily available for use by people. Much of our water supply is visible in the form of surface water in oceans, lakes, streams, rivers, and glaciers. Much of our water supply is unseen, as it is groundwater and air moisture. Groundwater may be trapped in rock or sand formations or flow through porous rock or even underground rivers. The ability to access groundwater supplies through wells or springs is vital to the development of some areas. Deserts have been transformed into vital agricultural areas using groundwater resources. 

Goal: To identify various sources of drinking water and to relate the water cycle to water supply.

Concepts: rainwater, water from a river or lake, groundwater, air-moisture, water from sea (desalinisation) → water resources → water supply system

Introduction: Drinking water resources and the water cycle

Have a discussion with students about water resources. Let them use the picture of the water cycle to help them find out all the possible resources of drinking water:

· How we can get fresh water on a small island in the middle of the see?

· Can human survive drinking just salt-water?

· How we can get water in a desert?

· Do you think that the life on the Earth would be possible without water in the air?
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Do you know why the drinking water sources do not get used up even though people use them all the time. (They are renewed by the water cycle.)

Activity: Drinking water from rain
Materials: jar of rainwater, plastic bottle, paper filter 

1. During a rainstorm, have students observe the water running off various surfaces such as streets, rooftops, cars, sidewalks and gutters. Collect a jar full of storm water (from a street gutter or puddle) and bring it back to the classroom. 

2. Have a discussion:

· Is this drinking water? (No, because this water is not clean enough. NOTE: Make sure students do not drink any water from this experiment). 
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Where does the dirt come from? (The streets, rooftops, gutters that it passed over). 

· Is there any way we could use this water? (Water from rooftops and land could be used to water flowers, gardens, shrubs and grass). 

· Is there any way we could use this water for drinking? (Rainwater has to be properly cleaned and disinfected to be suitable for drinking.)
3. Experiment with the water sample:

· Cut off the top part of a plastic bottle and place it on the bottom part. Place the filter in the funnel we just made.

· Pour the rainwater into the model.

· Observe the result. (Water in the bottom part of plastic bottle will be probably clean, but on the filter will remain almost invisible stain. Even if there is no stain, it does not mean that the water is drinkable. Filtered water can still contain some chemical substances and microorganisms that are harmful to public health.)
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Activity: Drinking water from a river
Materials: jar of water from a river, plastic bottle, paper filter;
1. Have o discussion: 

· In the past, people drank water directly from rivers and streams. Today this is not so? Why?

· Can a river clean itself? (Yes, but only if it is not too polluted, and if the pollution is organic.) 

2. Experiment:

· Cut off the top part of a plastic bottle and place it on the bottom part. Place the filter in the funnel we just made.

· Pour the rainwater into the model.

· Observe the result. (Water in the bottom part of plastic bottle will be probably clean, but on the filter will remain almost invisible stain. Even if there is no stain, it does not mean that the water is drinkable. Filtered water can still contain some chemical substances and microorganisms that are harmful to public health.)
Activity: Drinking water from the ground
Materials: 3 plastic bottles, jar, fine gravel, sand, clay, water, marker; 

1. Discuss with students about obtaining drinking water from the ground: 

· Where do you think wells get their water?

· Do you think that there is groundwater under your house? (Probably is)

· Do you know, where the rainwater go after falling on the ground? 
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Experiment with different materials to see where the water:

· Cut off the tops of 3 plastic bottles. Put the layers of fine gravel, sand and clay in each of the bottles in different order (clay should be once at the bottom, once in the middle and once on the top). Oppress and level each of the layers.

· Pour the same amount of water in each of the prepared models.

· Observe water in the models and mark water table in each case.
3. Discussion: Some rocky materials contain more water then others, because some are more porous than others... Layers of the Earth ground that contain large quantities of water are called aquifers.

Activity: Drinking water from the sea
Materials: cooker, pot, plate, glass jar, water and salt, ice-cubes, plastic bag;

1. Have a discussion with students about possible ways to produce freshwater from seawater imitating the nature. Explain them that such a process is called desalination, and that in some places use desalination to obtain enough drinking water. 
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How much of the earth’s surface is covered by seawater?

· Can you drink seawater? Why not? 

· Can you change seawater to make it drinkable? (Accept all answers. Then explain that seawater can be made drinkable.)

2. Experiment: 

· Prepare salt water by dissolving about 2 teaspoons of table salt in one cup of water, and place the pot on the cooker.

· Place a jar near the cooker, so that fresh water will collect in it. 

· Boil the water in the pot. Hold the plate above the pot in a slope to collect condensed freshwater into the jar.

· Ask students to try the water in a jar. How does it taste?

Activity: Drinking water in a desert (from air-moisture)
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Materials: jar, plastic foil, a shovel, few rocks
1. Ask students to imagine a desert: 

· Where in a desert one can find water?

· How one can collect water from air moisture? 

· How much of water can be collected in such a way? Is it possible to survive? 

2. Prepare the experiment:

· Dig a hole in the ground and place an empty jar on the bottom of it. 

· Late in the afternoon, cover the hole with a plastic foil and fix it with big rocks at the edge. In the middle of the foil put a small rock so that the foil will stay bended. 

· Wait to the next morning and observe. There is water in the jar. Why? (At night the temperature of air outside drops, while the air under the foil stays warm. The foil is cold therefore, the air moisture under the foil liquefies on the lover surface of the foil. The water drops fall off and collect in the jar.)

Discussion: Water resources in community water supply systems

Use the general knowledge from the activities and relate it to the students’ local environment: 

· What is the main water resource in our village/town?

· What are the other water resources that are used?

Lesson H3:  WATER SUPPLY SYSTEM 
Main idea:  Water treatment plants pump water from a source (lake, river, or groundwater), treat the water, and pump it to holding reservoirs on hills or water towers. From there, water flows by gravitational force throughout the distribution system to every house. Where there is not enough gravitational force, water distribution is driven by motorized pumps. As the water travels through a distribution system, it is diverted down different pathways to homes and businesses. The diameter of a pipe determines the quantity of water the pipe can hold and determines the rate the water can travel through the pipe. The volume of water needed for homes or businesses represents a small portion of the volume leaving the water plant. Therefore, smaller pipes are needed near the point of distribution, whereas larger pipes are needed near the treatment plant. 

Goal: To make students familiar with different types of water supply and with all the elements of the community water supply systems. 

Concepts: drinking water → water resource, drinking water treatment, reservoir, distribution system (pipes, pumps) → water supply system

Introduction: Water supply in the past and today

Ask students to brainstorm about the way their grandparents supplied themselves with drinking water:

· How many of you used water in some way today?

· How did you use water? (shower, brush teeth, flush toilet, prepare meal, drink)

· Where does your water come from?

· How people in cities get their water?

· How people in some villages get their drinking water?

· How water supply looked like in the past?

Activity: How a well works
Materials: plastic bottle, gravel, sand, pump from the top of a soap dispenser or spray container, blue and yellow food colouring, marker;

1. Preparation of the experiment:

· Use plastic bottle (the top is cut off) and fill it with layers of gravel and sand. 
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Pour in a cup of water coloured blue with food colouring. Tell the students that water found beneath the ground is called groundwater. The top surface of the saturated zone that holds the water is called the water table. Mark the water table with the marker.

· Place the pump into the gravel with the tube extending into the water. Tell the students that today, a well is usually drilled 5 to 10 cm wide and lined with a metal or plastic piping.

· Why do you think it needs to be lined? (to keep the dirt/sides from falling in)
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Ask the students to notice that for the well to work, the tubing must extend below the water table.

2. How the well works: 

· To find out, pump water out of the model (catching the water in the cup).

· What happens to the water table, when we take water out of the ground,?” (it goes down) Mark this level with a marker of a different colour.

· How does water get back into the groundwater supply. (when it rains, etc.)

· Ask a volunteer to demonstrate the action of precipitation and how it affects the groundwater by pouring more of the blue water back in until the original water table level is restored. (This is called “recharge.”) Remind students that some groundwater sources cannot be replenished because they are sealed both above and below by solid rock or another ground material that will not let water soak down.

3. Contamination of water in the well: Explain that just as the rainwater can soak down into the groundwater, so can harmful contaminants like agricultural waste, sewage and other chemicals.

· Pour water coloured with yellow food colouring into the container.

· What did happen to the water. (It changed colour when the yellow reached it. Explain that while many contaminants can be seen, others cannot.)

· How can we can if well water is contaminated even if we can’t see the pollutants? (by testing the water. Explain to the students that contaminants are not always of human origin; some are naturally occurring.)

Activity: Building community water supply model
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Materials: large piece of cardboard (one for each group), small boxes (matchboxes, small milk cartons), markers, construction paper; Option with build piping system: paper towel or bathroom tissue tubes, straws, different sizes of pasta (spaghetti, manicotti, etc.), glue, paste or glue sticks; Option with drawn piping system: blue colour marker; 

1. Divide the students into groups of four or five and have each group build a model of your community water supply system from the source to the user.

· Draw or cut from construction paper a river or lake and glue it to the cardboard.

· Either draw houses and other buildings or construct them from small boxes to represent the community.

· Show each group the illustration of the model of the water supply system to show them how to connect the “pipes” (paper towel tubes, straws, and pasta) with glue and lay them on the large piece of cardboard.

2. Have a discussion about the models. 

Discussion: Water supply system in my community

Have students research what kind of water supply systems are in use in their community. They may even contact their local health department for guidelines on digging new wells. Have students research legends, folklore, and superstition about wells.

· Where does your family get drinking water?

· Where does your school get drinking water?

· How does the water get to your school? 

· Are there any problems with drinking water in your community?

· Who makes sure that the quality of water you drink is good?

Lesson H4:  DRINKING WATER TREATMENT PLANT
Main idea: Water picks up all kinds of contaminants because it is a good solvent. In nature, therefore, water is not always clean and safe enough for people to drink. Water need to be cleaned and made safe for people to drink. This is done in drinking water treatment plants. They clean and maintain the quality of drinking water by taking it through the following processes: aeration, coagulation, sedimentation, filtration, and disinfection. The processes that are used in water treatment plants are basically the same processes like in nature. The mayor difference is that the processes in the water treatment plant are accelerated. 

Goal: To demonstrate some of the process used in water treatment plants with experiments, and familiarize students with different steps in treating drinking water.

Concepts: water in nature → drinking water → water treatment plant: aeration, coagulation, sedimentation, filtration, disinfection

Introduction: How water purify in nature

Repeat the processes in the natural water cycle and stress that water cleans itself through different parts of the water cycle. Repeat also the basic knowledge from the groundwater section. 

· Which are the water cleaning processes in the natural water cycle? (filtration through the ground, evaporation and condensation form the process called distillation, biological cleaning through plants and microorganisms, sedimentation or solids settling in surface water bodies)  

· What is the quality of groundwater? What about the quality of water from a karstic aquifer?  

Activity: Drinking water treatment plant game
Materials: Worksheet H4/1, open space; 

1. Discuss the water treatment plant and what it does. Present the diagram of a water treatment plant. Discuss the process that takes place during each step. Use the definitions given to explain each process:

Aeration – Vigorously stirring up water to add air to it and drive out other gases that might be dissolved in it; similar to “whipping” it with a mixer (as in cooking).

Coagulation – Adding chemicals to make dirt and other particles clump together.

Sedimentation – Letting the clumps settle out (they’re heavier than water, so they sink to the bottom).

Filtration – Pouring the water through a filtering system that has lots of layers of materials that trap things that did not settle out (including things too small to see).

Disinfection – Adding chlorine to kill germs that might make people sick (similar to swimming pool methods).

2. Imitate each of the steps in the drinking water treatment process with a role playing game: 

· Have 5 students to represent different processes in the drinking water treatment. They should be placed in different parts of a room and wear a sign representing the process. They should accustom themselves into the function of each water treatment process they represent.

· The rest of the students have the following roles: 

(1) pure drinking water – goes all the way through; 

(2) sand – settles down in the sedimentation tank; 

(3) germs – get killed with disinfection; 

(4) other impurities – clump together in coagulation station and settle down in the sedimentation tank or they get filtered out at the filtration station.

3. Distribute the worksheet H4/1: “Drinking water treatment plant” and let students to fill it out. Then discus with students all the steps of drinking water treatment process once again.

Answer key:

	1. Source
	6. Filtration

	2. Pump house
	7. Post – treatment (disinfection)

	3. Pre – treatment (aeration and coagulation)
	8. Storage

	4. Solids collection
	9. Distribution

	5. Sedimentation
	10. Solids handling


Discussion: What kind of water we drink?

Have a discussion with students about the kind of water they drink. If possible, visit the nearest drinking water treatment plant.

· Where does our water come from?

· How can you be sure your water is safe to drink?

· How much clean water is produced each day?

· How is the water tested?

· What is used to destroy bacteria in the water?

· What are the future plans for the water treatment system? As our community

Worksheet H4/1: DRINKING WATER TREATMENT PLANT
Directions: Study the diagram and determine which step is represented with a certain number. Help yourself with the description of the steps bellow:

Collection

Distribution

Filtration

Post – treatment

Pre – treatment

Pump house

Sedimentation

Solids handling

Source
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Storage solids

1 ________________

2 ________________

3 ________________

4 ________________

5 ________________

6 ________________

7 ________________

8 _________________

9 ________________

10 _______________

Lesson H5:  WASTEWATER STORY 
Main idea: All of the clean water that comes into our houses by one set of pipes, leaves the houses by another set of pipes; clean water becomes wastewater. Wastewater comes from houses, schools, businesses, industry, and storm runoff. In cities, wastewater goes into sewers and then to wastewater treatment plants. In the country, wastewater is treated using septic system, constructed wetlands and other systems. In the septic system wastewater goes first into large underground tanks called septic tanks and from there to the absorption field, and from there water percolates into the ground. In the constructed wetland system, wastewater goes from septic tank to constructed wetland fields with reeds and other water plants.

Goal: To identify what the wastewater is, where it comes from and where it goes. To introduce the septic system and constructed wetlands system as alternative method of wastewater treatment, and to demonstrate how both systems work.

Concepts: use of water → wastewater → pipes → sewer and wastewater treatment plant, septic system, constructed wetland system → wastewater system  

Introduction: Wastewater

Have discussion with children about the everyday use of water and its disposal:

· Who brushed teeth today?

· How do we call the water after we used it?

· Where does the wastewater from our bathroom go? (to the pipes…)

· Where does the water go when it goes down the pipe? (sewerage or septic tank...)

· Where does the wastewater from sewerage go? (wastewater treatment plant)
· Where does the wastewater from septic tank go? (it should go into one of the treatment systems - infiltration field, constructed wetland...)

Activity: Septic tank system
Materials: worksheet H5/1, one plastic or cardboard box or lid (15-20 cm deep), one garbage bag (if cardboard box is used), soil, two empty paper milk cartons of different sizes, plastic straws, large needle, ice pick or awl, scissors, marking pen, masking tape, modeling clay, sand, ruler;

1. Preparation of a model:

· Cut the tops off both milk cartons. Label the large carton “house,” the small carton “septic tank.”

· Cut the holes in the boxes for inserting the straws; use an ice pick or awl.

· Make holes in the straws using a large needle. Make numerous holes, enlarging them by working the needle back and forth.

· If you do not have a plastic box to use, cut a large cardboard box down, line it with plastic by inserting it in a garbage bag and tying off the bag with the box inside.

2. Assemble the septic tank system:

· Prepare the large box for the septic tank system model. The box should be filled 1/2 full of soil.

· Connect both boxes with the straws (refer to diagram). Use small pieces of masking tape to seal leaks by making “collars” of tape around the connection between box and straw.

3. Assemble the drainfield:

· Connect straws following the diagram of model. To make the connections between straws, you will have to make large holes in the straw crosspiece.
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Plug the ends of the drains (straws) with modelling clay. Use masking tape to seal leaks.

4. Test the septic tank system. Put the model in the box with the porous soil and pour water with some fine sand mixed in it in the “house” slowly. 

· What has happened? (The water should go to the septic tank, where sand separates from water that goes further to drainfield and trickles into the soil.)
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Distribute the Worksheet H5/1 “Septic tank with a drainage system and with a constructed wetland” and explain how a septic tank system works. Let students draw the missing parts and mark down the path of wastewater
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Activity: Constructed wetland
Materials:one plastic or cardboard box or lid (15-20 cm deep), one garbage bag (if cardboard box is used), soil, two large and one small empty paper milk cartons, plastic straws, large needle, ice pick or awl, scissors, marking pen, masking tape, celery, food coloring, sand;

1. Preparation of a model:

· Cut the top off the first large milk carton and label it “house.” 

· Cut the second large milk carton on half longitudinally and use them as two constructed wetland cells. One of both boxes should be perforated, therefore, make numerous holes in the bottom of the box. 

· Cut the holes in the boxes for inserting the straws; use an ice pick or awl.

· If you do not have a plastic box to use, cut a large cardboard box down, line it with plastic by inserting it in a garbage bag and tying off the bag with the box inside.

2. Assemble the septic tank system:

· Prepare the large box for the septic tank system model. The box should be filled 1/2 full of soil.

· Connect the two boxes, the large and the small one, with the straws (refer to diagram). Use ice pick or awl to make holes in boxes. 

· Fit the straws into the holes, connecting the boxes with the straws. Use small pieces of masking tape to seal leaks by making “collars” of tape around the connection between box and straw.

3. Assemble the constructed wetland cells: 

· Connect the septic tank with the first cell, which you should fill up with sand. Place celery stalks in the cell.
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The first cell should be connected with the second, perforated cell, from which water will trickle into the soil.

6. Test the constructed wetland system. Place the model into the box with the porous soil and pour water in the “house” slowly. Water should have some fine sand and food coloring mixed in it to represent pollutants in wastewater.

· What has happened? (The water should go to the septic tank, where sand separates from water, which goes further to the constructed wetland cells. In the first cell with celery stacks, after a while celery takes in some food coloring. Partly cleaned water goes further to the second cell from where it trickles into the soil.)

· What does the celery represent? (The celery absorbs the colored water like some plants in a wetland absorb the pollutants in wastewater. Plants only absorb as much water as they need, since some pollutants in the wastewater are actually nourishment to the plants.)

4. Distribute the Worksheet H5/1 “Septic tank with a drainage system and with a constructed wetland,” explain how a constructed wetland system works, and let students to fill out the worksheet.

· Discuss the differences between constructed and natural wetlands.
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Where would a constructed wetland be beneficial? (for areas where septic tanks cannot be used, for small communities that cannot afford to build a conventional treatment plant, for farm operations)

Activity: Building community sewer system model
Materials: large piece of cardboard (one for each group), small boxes (matchboxes, small milk cartons), markers, construction paper; Option with build piping system: paper towel or bathroom tissue tubes, straws, different sizes of pasta (spaghetti, manicotti, etc.), glue, paste or glue sticks; Option with drawn piping system: collared pencils in orange colour; 

(This activity may be the continuation of the “Building community water supply model” from the lesson H3: Water supply system. Students may show another set of “pipes” going to the wastewater treatment plant and returning to the source.)

1. Divide the students into groups of four or five and have each group build a model of your community sewer system from the user to the wastewater treatment plant.

· Draw or cut from construction paper a river or lake and glue it to the cardboard.

· Either draw houses and other buildings or construct them from small boxes to represent the community.

· Show each group how to connect the “pipes” (paper towel tubes, straws, and pasta) with glue and lay them on the large piece of cardboard. The sewer system starts with small pipes and ends up with really large pipes.

· Build a wastewater treatment plant at the end of the piping system, just before the discharge point into the river, lake or sea. 

2. Have a discussion about the models. 

Discussion: What if the treatment system does not function properly

Have the students ask their parents what type of wastewater disposal they have. Have a discussion with students about possible treats to public health and to the environment whenever wastewater system does not work or it is not built at all:

· Where does the sewage wastewater go when it leaves the school?

· What happens if the system does not function properly? (Malfunctioning septic systems will have a smell or have noticeable wetness on the ground above them. Such systems represent a threat to public health and to nearby groundwater supplies.)

· What do you think will happen to the water supply in the area if the waste disposal system does not work properly or is not maintained adequately?

Worksheet H5/1: SEPTIC TANK WITH A DRAINAGE SYSTEM AND WITH A CONSTRUCTED WETLAND 
Directions: Observe the pictures carefully and colour the path of wastewater. Draw missing elements (toilet, septic tank,…) and mark the area where the most of the wastewater cleaning process is performed.
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Lesson H6: WASTEWATER TREATMENT PLANT
Main idea: Treatment of wastewater at a treatment plant includes the following steps; primary treatment, secondary treatment, and advanced treatment. The primary treatment of wastewater uses bar screens to filter out objects like sticks, rags, and rocks, sedimentation tanks to settle out sand and other suspended solids, and aeration to bring out grease. Suspended solids are pumped from the bottom into another settling tank, grease is taken out from the surface. Secondary treatment uses a biological process where bacteria break down the wastes. The wastewater is run through aeration tanks where the waste is stirred and air is added to increase the growth of bacteria. The bacteria attach to suspended solids and forms flocks; these settle out in the secondary sedimentation tank. The advanced treatment process includes filtering through sand and gravel, disinfection using chlorine, ultraviolet light, or ozone to kill dangerous or pathogenic (disease-causing) bacteria and many other chemical processes to eliminate harmful chemicals.

Goal:  To explain why wastewater must be treated before it is returned to the water supply.

The main goal is to present the steps in the wastewater treatment process and to utilize the wastewater treatment vocabulary.

Concepts:  wastewater → wastewater treatment process: collection, sand removal, degreasing, primary settling, solid collection, aeration, secondary settling, solids handling, disinfection

Introduction: Can wastewater be cleaned in nature?

Students try to figure out through conversation, that water in nature cleans itself through various natural processes. The most important is biological cleaning through plants and microorganisms. Repeat the lessons C3 “Life in a river”, C4 “Quality of surface waters” and C5 “River cleans itself”. Sometimes, however, there is just too much of wastewater, or it contains chemicals that can not be cleaned in nature.  Therefore, wastewater treatment is the only option. 

· Which are the most important water cleaning processes in nature? (biological cleaning through plants and microorganisms)  

· What kind of pollution can be cleaned in nature? (excrements of people and animals etc.)

· What about other type of pollution: wastewater from households, factories etc.? (Such wastewater can contain chemicals that can not be treated in nature alone.)

· What happens, if the water is too polluted?

· Can we clean dirty water with sand filters? (Yes, but this is not enough....)

Activity: Wastewater treatment plant game
Materials: worksheet H6/1: “Wastewater Treatment Process”, paper, scissors, pencil, open space;
1. Show students the diagram of the processes in a wastewater treatment plant. Lead the class through all the steps and explain the processes in each of the steps. Use the definitions given to explain each step:

Primary treatment: mechanical processes

Rough filtration – Use of bar screens to filter out objects like sticks, rags, and rocks. 

Sedimentation – Letting suspended solids (sand and other larger particles of dirt) to settle out. 

Degreasing – Vigorously stirring up wastewater to add air bubbles, similar to “whipping” it with a mixer, to bring out grease.

Secondary treatment: biological processes

Aeration – Adding the culture of bacteria and some other additives (active sludge) and vigorously stirring up the wastewater to add air to increase the growth of bacteria.

Coagulation – The bacteria attach to other suspended particles and clump together to form flocks and clumps.

Sedimentation – Letting the clumps settle out (they are heavier than water, so they sink to the bottom).

Advanced treatment: chemical and other processes

Filtration – Pouring the water through a filtering system that has lots of layers of materials that trap things that did not settle out (including things too small to see).

Disinfection – Adding chlorine to kill germs that might make people sick (similar to swimming pool methods).

2. Imitate each of the steps in the wastewater treatment process with a role playing game: 

· Have 8 students to represent different processes in the wastewater treatment. They should be placed in different parts of a room and wear a sign representing the process. Students should accustom themselves into the function of the process of wastewater treatment process they represent.

· The rest of the students represent wastewater and have the following roles: 

(1) pure water – goes all the way through; 

(2) rags – get removed at rough filtration through bar screens;

(3) sand – settles down in the first sedimentation tank; 

(4) grease – is brought up in the degreasing station;

(5) bacteria - clump together in coagulation station and settle down in the sedimentation tank;

(6) germs – get killed with disinfection; 

(7) chemicals (nitrates, phosphates) – get eaten by bacteria and settled down in the sedimentation tank or they get chemically removed at the filtration station;

(8) other impurities – clump together in coagulation station and settle down in the sedimentation tank or they get filtered out at the filtration station.

· Simulate with students a flow of wastewater through the wastewater treatment plant. Each of the students should act according to the role. After a while students should change the roles.

3. Distribute the worksheet H6/1: “Wastewater Treatment Process” and let students to fill it out. Then discus with students all the steps of wastewater treatment process once again.

Answer key:

	1. Collection
	6. Aeration

	2. Bar screen
	7. Secondary settling

	3. Sand removal
	8. Solids handeling

	4. Primary settling (mechanical treatment)
	9. Disinfection

	5. Solids collection
	10. Discharge


4. Compare/contrast a septic tank system and a wastewater treatment plant. List advantages and disadvantages of both.

Discussion: Wastewater treatment in my community

Have a discussion with students about the kind of wastewater treatment they use. If there is no wastewater treatment have a discussion about the consequences of that for the community.

· How much clean water is used each day? How is the produced wastewater treated?

· Where does your drinking water come from?

· How can you be sure that your drinking water is safe to drink?

· What are the future plans for treatment of wastewater in your community?

Worksheet H6/1: WASTEWATER TREATMENT PLANT
Directions: Study the diagram and determine which step is represented with a certain number. Help yourself with the description of the steps bellow:

Collection

Solids collection

Solids handeling

Bar screen

Aeration

Disinfection

Sand removal

Secondary settling

Discharge

Primary settling
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Lesson H6:  WASTEWATER TREATMENT PLANT
Main idea: Treatment of wastewater at a treatment plant includes the following steps; primary treatment, secondary treatment, and advanced treatment. The primary treatment of wastewater uses bar screens to filter out objects like sticks, rags, and rocks, sedimentation tanks to settle out sand and other suspended solids, and aeration to bring out grease. Suspended solids are pumped from the bottom into another settling tank, grease is taken out from the surface. Secondary treatment uses a biological process where bacteria break down the wastes. The wastewater is run through aeration tanks where the waste is stirred and air is added to increase the growth of bacteria. The bacteria attach to suspended solids and forms flocks; these settle out in the secondary sedimentation tank. The advanced treatment process includes filtering through sand and gravel, disinfection using chlorine, ultraviolet light, or ozone to kill dangerous or pathogenic (disease-causing) bacteria and many other chemical processes to eliminate harmful chemicals.
Lesson H7:  DRINKING WATER MANAGEMENT
Main idea: Drinking water is a precious resource, therefore, we need to treat it with a proper care. It is also not free. Water treatment facilities and the distribution of drinking water are costly. Customers are charged according to the amount of water they use. A water meter is used to measure how many cubic meters a household or business uses. Because users pay for water and because there is only so much fresh water available for use, we must conserve our supplies, using them as wisely and efficiently as possible. We must not use water wastefully.  Many communities have already experienced shortages in water supplies due to lengthy droughts, growth in population that has outstripped the water system’s capacity, or other problems. 

Goal:. To make students aware of the ways to conserve drinking water and protect drinking water resources.  

Concepts: drinking water → water supply system → water meter, cost → loss of water, contamination → management (man-made water cycle, water resources)

Introduction: Precious drinking water

Ask students to brainstorm about different way how they can conserve drinking water.  

· Appoint couple of students to check toilets and faucets for leaks.

· Do students turn off the water while they brush their teeth?

Activity: Every drop counts

Materials: plastic cups, clock with seconds, sink with faucet, crayons, measuring cup;

1. Ask students: “Is there any drips in this room? I mean the kind that are coming from a leaky faucet. How much water do we waste when a faucet is dripping?” Let students guess!

2. Experiment:

· Present students the sink faucet so that it drips at approximately one second intervals. Ask them to collect any drips that are wasted during one minute, 5 minutes and 10 minutes intervals.... 

· Measure the quantity of water from the 10 minute interval with a measuring cup. Use this data to calculate the one-minute quantity of wasted water.

· Calculate the quantity of water wasted in one hour, one day, week, month, year...

3. Have a discussion about how much water is wasted when a faucet is dripping? 

Activity: Water meter
Materials: WorksheetH7/1: “Meet your meter;”

4. Have a discussion:

· Is drinking water free? (No, users must pay for its use. Water is paid for by the liter or sometimes it is measured in cubic meters. 

· How is the amount of water a home, school, or business uses measured? (A water meter measures the amount of water that is used so the customer can be billed correctly.)

· Who reads the amount of water you use? (a meter reader from the water utility)

5. Distribute the worksheet H7/1 “Meet Your Meter”. Discuss and explain how to read a water meter. Explain the students that some meters read like a digital clock. The other meters read separate digits clock-wise. Then ask the students to read the meters on the student worksheet to reinforce the skill. (The answers are: 103.836;  3.429; 192.787.) 

6. Read the meter in school every day for a week, and fell out the second half of the worksheet “Meet Your Meter”.

Activity: Leakage in the man-made water cycle
Materials: Worksheet H1/1: “Man-made water cycle” and Worksheet H7/2 “Leakage in the man-made water cycle;”

1. Present students the worksheet H1/1:“Man made water cycle” and repeat the whole cycle. 

2. Distribute to the students the worksheet XX “Leakage in the man-made water cycle, and ask them to carefully observe the picture and find out the points of leakage and other incorrect activities that can harm drinking water resources. Ask them to explain what are the consequences of these points of leakage and incorrect activities.

Answer key:

1. the leakage of the water supply system: drinking water is wasted;

2. the leakage of the sewer piping: water resources can be contaminated;

3. wastewater from the house is not connected to the sewer system and it goes directly to the street: the street can be the source of disease; water resources can be contaminated;

4. wastewater from the sewer does not get treated in a wastewater treatment plant: water in the river is polluted;

5. wastewater from the swimming pool is discharged directly in the river: chlorine from the swimming pool may harm fish and other creatures in the river;

6. the woman uses pesticides and fertilisers to grow plants: non-proper use of pesticides and fertilisers can contaminate river-water and groundwater;

7. non-proper ways of depositing waste-material: certain substances in the garbage (like oil, chemicals etc.) can contaminate groundwater and river-water;

Activity: Keep a well free of contaminants

Materials: Worksheet H7/3: Keep a well free of contaminants

1. Tell the students that one way to keep a well free of contaminants is to select a good site before it is drilled. (NOTE: This lesson does not require that the students consider the direction of groundwater flow, which would be a major consideration in a real case. For young age appropriateness, we will only use distance in this activity. The activity can easily be adapted to older students by taking into account the direction and speed of groundwater flow: for example they choose the direction of groundwater flow out of the river and the speed 5 blocks)

· What are sources of groundwater contamination?

2. Divide the students into groups of four or five and have each group solve the worksheet H7/3: “Keep a well free of contaminants”, where they’ll select a place to drill the well and draw a symbol to illustrate the well.

Discussion: Care for drinking water and water resources

Ask students to check the newspapers and clip out articles that concern water. They may place them on the bulletin board. Students may write reports on their findings. Discuss with students the following questions: 

· Why should we conserve water? (Water is a natural resource that we all share, and we have to keep clean also for the following generations. Wasting water wastes energy. Conservation will save money and make clean water supplies last longer.)

· Ask students if they are interested running a water patrol to check bathrooms and water fountains for leaks or to see if they are left running? Let them organise themselves!

Worksheet H7/1: MEET YOUR METER
Directions: Your water meter probably looks like one of these. The first meter is read clockwise and measures water in gallons. The second meter measures water in cubic feet and is read in the same manner. (To convert cubic feet to gallons you must multiply the number on the meter by 7.5.) The third meter is read like a digital clock. Meters 1 and 2 have six dials, which are read clockwise. Begin with the “100,000” dial and read each dial to the “1” dial. Remember that when the dial is between two numbers, you read the smaller number.
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Directions: Find your meter at school and read it every day for a period of one week. Write down a daily usage to find out what is the weekly usage of water in your school.
	
	Mon.
	Tue.
	Wen.
	Th.
	Fr. 
	Weekend
	Mon.

	Date
	
	
	
	
	
	
	

	Reading
	
	
	
	
	
	
	

	Daily use
	
	
	
	
	
	
	

	WEEKLY TOTAL:
	


Worksheet H7/2: LEAKAGE IN THE MAN-MADE CYCLE
Direction: Find points of leakage and other incorrect activities that can harm drinking water resources. 
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Worksheet H7/3: KEEP A WELL FREE OF CONTAMINANTS

Directions: Select a place to drill the well and draw a symbol to illustrate the well. Pay attention to all possible sources of pollution. Keep the distance between the well and sources of possible contamination:

· a house with a septic tank and pipes (2 block)

· an underground gas tank (4 blocks)

· a pond (2 block)

· a stream with polluted water (3 blocks)

· a barn used to store animal feed, manure, fertilizer, and chemicals for farming (4 blocks)

· crop fields which are sprayed with fertilizer and pesticides (4 blocks)

· roads that produce runoff (1 blocks)

· a landfill (6 blocks)
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