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WHERE WATERS AND LAND MEET - Section D:  Groundwater                                        


Part 1: Water, Water Environments and Natural Processes
Section D:
GROUNDWATER

Every day, people all over the world depend on a hidden resource-groundwater. Only 3 percent of the earth's water supply is fresh water and almost 2 percent of that is groundwater. In Vietnam, the fast groundwater reserves are only used for about 5 % (wells). The rest of the water use comes mainly from the many rivers. 
Groundwater
Groundwater is water that infiltrates into the ground and collects below the earth's surface in sand, gravel, or fractured rock occupying spaces between soil and rock particles. It is also found in cracks and crevices and inside porous rocks. 

The top surface of groundwater is called the water table. When the water table is high enough, groundwater comes to the surface naturally in springs, lakes, ponds and rivers, and it can also be brought to the surface by drilling wells. But the top level of the groundwater (the water table) is usually underground. 

Groundwater is a vital part of the water cycle and is replenished by rainfall. The amounts of groundwater in different areas of the world vary, and the water table depth itself fluctuates (rises and falls) due to prolonged drought, heavy withdrawal for human use, or other factors. Excessive pumping from the aquifer can also lower the water table. 

Porosity and permeability


As precipitation replenishes groundwater sources, the water is affected by the soil and rock layers through which it must filter. Soil and rock layers have two basic characteristics that determine its effect on water flow: porosity and permeability.

           Porosity refers to how much space there is in a volume or formation of rock or soil. This determines how much water the soil or rock can hold in the spaces between its particles (as with a sponge). The more space between particles, the more water the formation is able to hold. 


How well soil or rock allows water to flow through it is called its permeability. This actually means how interconnected the spaces are so that water can flow freely between them. Formations with large, interconnected pores usually transmit water more quickly. Rock formations with large cracks, like fractured limestone, also allow water to move through more quickly. 


So, the rate at which groundwater moves depends primarily on the geological structure of an area and on gravity, and it can move both vertically and horizontally. Porosity and permeability of the underlying rock and soil are among the factors determining the rate and direction of movement. Water moves quickly through layers of loose soil and unconsolidated rock and through fractured rock; it moves less rapidly through materials such as clay that are not very permeable. Water that is moving vertically will begin flowing horizontally when it reaches an impermeable material.

These two characteristics affect groundwater in important ways. For example, the rate at which an aquifer regains and retains water depends on both porosity and permeability. Movement of contaminants such as septic seepage or spilled or leaked gasoline also depend upon the porosity and permeability of soil and rock layers.

Aquifers
An aquifer is an underground layer of rock or soil that holds groundwater. The word “aquifer” is derived from the Latin “aqua,” meaning “water,” and “fer,” meaning “to yield.” The ability of a geological formation to yield water depends on its porosity and permeability. Porosity defines the quantity of water the soil or rock can hold, permeability means how interconnected the spaces are so that water can flow freely between them. 

An aquifer is, therefore, any geological formation containing water that yields useful quantities of water to a well.

There are two types of aquifers. One is a confined aquifer, in which a water supply is sandwiched between two impermeable layers (geological formations through which water cannot pass). These are sometimes called artesian aquifers because when a well is drilled into this layer, the pressure is so great that water may spurt to the surface without being 41pumped. This is an artesian well. The other type of aquifer is the unconfined aquifer, which has an impermeable layer (or one of lower permeability) under but not above it. It is the most common type. 

Aquifers may be categorized according to the kind of material of which they are made. A consolidated aquifer is composed of a rock formation (that is porous or fractured). An unconsolidated aquifer is composed of a buried layer of sandy, gravelly, or soil-like material.

Karstic aquifer


The word “karst” originates from the Kars Plateau in Slovenia. Karst formations occur where limestone rock underlies the land. 

In karst formations, the water flows through cracks in the limestone for hundreds or thousands of years, dissolving some of the limestone and forming holes that become caves and caverns. Natural rainwater is slightly acidic and contains a little of the weak acid (carbonic acid) that you find in carbonated soft drinks. This slight acidity causes it to be able to dissolve limestone better. There are many famous caves and caverns in different places of the world that have formed this way. 

 
Besides caverns and caves there are many different features of karst formation. Some of them one can observe also on the surface of the Earth. One of the most important and the most typical are sinkholes. They form when the roof of a cave or cavern “caves” in or when the rock just under the topsoil erodes away. 


The flow of groundwater through karst formation is very rapid - more like that of a surface stream. The karstic ground has a very limited filtration capacity, therefore, karstic aquifers are very sensitive to pollution.


The water table of the collected groundwater in karstic aquifer can be very diverse and it completely depends on the form of the cavity and the quantity of water.

Groundwater resource

Groundwater is one of the most important resources of drinking water in the world, which we have to maintain properly to save it also for the following generations. However, human activity influences the groundwater resources in many, often harmful ways. 

Urbanization


Groundwater is replenished (recharged) primarily by precipitation. Urbanization may reduce the amount of recharge from precipitation. When an area is growing rapidly, with a surge in real estate development, the amount of undeveloped land for the rainwater to seep into is greatly reduced. Driveways, buildings, and parking lots cause too much water to run off into surface water bodies, and not enough to soak into the ground. If recharge is reduced enough, the threat to the groundwater supply can be serious.

Pollution


Another problem is that the water that pools on pavement and other impermeable surfaces collects pollutants. This polluted water ends up in storm sewers, flowing directly back into area lakes and streams. This affects the quality of surface water and of groundwater, since some surface water soaks through lake and stream beds to groundwater aquifers. In this case, a recharge problem becomes a groundwater quality problem. 


The consequence of urbanization is also increased production of waste and use of fertilizers and pesticides in the field. Therefore, groundwater can be polluted by pesticides and other harmful chemicals, landfill leachate, and other materials that seep into groundwater.

Saltwater intrusion


Saltwater intrusion is another problem that can result when withdrawal outstrips recharge. It occurs primarily in coastal areas when the water table drops due to excessive pumping of freshwater wells. When the water table drops below sea level, salt water from the ocean flows into the freshwater supply. When this happens, the water drawn from those wells is no longer suitable for drinking purposes or even for watering the lawn; salty water can also cause pipes to rust. New wells must then be drilled and the old ones capped.


When either overuse of groundwater (resulting in wells “drying up”) or saltwater intrusion occurs, the process can be reversed. If recharge increases or if pumping decreases, groundwater supplies can recover, but it may take several years before the wells will be usable again. With pollution of groundwater resources is the same. The water in polluted aquifers can recover and become safe for drinking again, but it may take several decades or even centuries. 

Lesson D1:  GROUNDWATER MOVEMENT

Main idea: Some of the rain falling on a given area runs off the land surface into streams and some soaks into the ground and forms groundwater. There is really nothing mysterious about groundwater .We just can't see it like we can see a pond, a stream, or the ocean. This water collects below the earth's surface in  spaces between soil and rock particles. It is also found in cracks and crevices and inside porous rocks. The ability of rock or soil to hold water is called porosity. The more space between particles, the more water the formation is able to hold. For example, loosely packed soil can hold more water than soil that is tightly packed. Also, soil with the same sized particles can hold more water than soil with different sized particles because smaller particles fill the spaces between the larger particles, leaving less space for water to occupy.

For water to move in an aquifer, some of the pores and fractures must be connected to each other. If there is a good connection among pore spaces and fractures, water can move freely and we say that the rock is permeable. The capacity of rock material to transmit water is called permeability. Groundwater moves through underground materials at different rates depending on the porosity and permeability of the rock material - faster through gravel, slower through sand, and much slower through clay.

Goal: To help students understand how water infiltrate through layers of the earth and collects under ground to form groundwater. To demonstrate how the shape, size and nature of rock materials affect the movement of water through the ground.

Concepts: precipitation → percolation, infiltration→  groundwater → porosity, permeability

Introduction: Groundwater

Repeat the water cycle with students and focus on groundwater: 

· Where does the rainwater go?

· Is there any groundwater under your house? (Most likely there is...)

· How the water moves through the ground?

Activity: Groundwater movement demonstration game
Materials: large space, at least 10 children;

1. Preparation: select two or three students to be molecules of water. The remaining students will be rock materials. 

2. [image: image3.png]


Example 1:  Water movement through gravel. The students represent gravel by holding arms outstretched, leaving a 30cm space between their outstretched arms. Locate these students in the centre of the activity area. The students representing water molecules are to start on one side of their "gravel'. Classmates and move through them, exiting on the other side. 

3. Example 2: Water movement through sand. The students represent sand by extending arms, bending them at the elbows and touching their waists with their fingers. Locate these students in the centre of the activity area, spacing them approximately 15 cm apart. Once again, have the water molecules slowly make their way through their "sand" classmates. The water molecules will experience some difficulty, but should still reach the other side. The water molecules will move easily through the gravel.
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Example 3: Water movement through clay. Students become clay particles by placing their arms straight down the sides of their bodies and standing approximately 10 cm apart. Locate these students in the centre of the activity area. It will be a funnidable task for water molecules to move through the clay. Without being rough, the water molecules should slowly make their way through the clay .The water molecules may not be able to move through the clay at all. 

5. Example 4: Water movement through a rock. Students become parts of a solid rock by placing their arms straight down the sides of their bodies, holding each other hands and standing close together, approximately 10 cm apart. There will be some cracks in a rock, therefore, some students will not hold each other hands. It will be impossible task for water molecules to move through the solid rock, but there will be some chances to move through the cracks. Without being rough, the water molecules should try to make their way through the rock. The water molecules may get stuck in cracks and not be able to move further through the rock at all. 

6. Example 5: Water movement through a karstic rock. Students become parts of a solid karstic rock. First they should divide into two groups, so that they will create a cavity in a solid rock. Then they should place their arms straight down the sides of their bodies, holding each other hands and standing close together, approximately 10 cm apart. There will be some cracks in a rock, therefore, some students will not hold each other hands. It will be an easy task for water molecules to move through the cavity, but almost impossible task for water molecules to move through the solid rock, even though there will be some chances to move through the cracks. Without being rough, the water molecules should try to make their way also through the solid rock. The water molecules may get stuck in cracks and not be able to move further through the rock at all.
Activity: Groundwater movement game

Materials: large space, at least 10 children;

· A group of children represents water; the group has to move, in a circle through gravel, sand and clay. They move fast or slow according to the medium (also singing the melody of the yellow butterfly repeating only the words of the medium).

Activity: Porosity and Permeability Experiment

Material: plastic tube, gauze, rubber band, clay, sand, gravel, topsoil, 2 cups, clock;

1. Preparation of the experiment: Divide the students into four teams. In each team, there should be one student who obtains the materials, one who assembles the testing column, one who holds it, one who measures and pours the water, one who times and measures the water that runs out, and one who reports the results. (Let them choose their roles.) 

2. Have the students demonstrate that water percolates through different materials at different rates. Have each group complete the following:

· Take one piece of plastic tubing and place a gauze square over one end of it. Secure the gauze with a rubber band.

· Place your selected material (clay, sand, gravel, and/or topsoil) in the tube. The tube will be filled about halfway up.

· Pour a cup of water through the tube. Hold it over another cup. 

· Record the length of time it takes for the water to pass through the tube. Measure the volume that is collected in the cup below.

3. Make a chart on the board and have the student reporters fill in the time and volume information. Have the students draw conclusions from the activity by asking the following questions:

· Did the water flow through all the materials at the same rate? (Point out how much more rapidly the water passed through the aquarium gravel. When there are large spaces between rocks or particles, water can move more rapidly.)

· Did the same amount of water pass through all the materials? If not, what happened to it? (some water was absorbed into the material...)

Activity: Porosity and Permeability Puzzles

Material: Worksheet D1/1: “Porosity and Permeability Puzzlers;”

1. Explanation of terms “porosity” and “permeability:”

· Have the students brainstorm as many different and unusual words to describe “soil” as possible. Record these on the chalkboard or large paper. Discuss some of the words given by students. Point out the useful words.

· Explain that there are several types of soil. Some soil is mostly sand, some is mostly clay, and some is a mixture of sand, clay, rock, and other things, like dead plants. The composition of soil determines its ability to absorb water and to allow water to move through it.

· Explains students the meanings of terms “porosity” and “permeability.” Porosity refers to how much space there is in a volume or formation of rock or soil. How well soil or rock allows water to flow through it is called its permeability. 

2. Distribute to the students Worksheet D1/1: “Porosity and Permeability Puzzlers” and ask them to solve the puzzles. Discuss with students the results.

Answer key:
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Discussion: Groundwater movement

Discuss with the students movement of groundwater through different materials:

· Which one of the materials - gravel, sand, or clay - was the easiest for the water molecules to move through? Why? (Cavity through karstic rock, than gravel, then sand, then clay, then solid rock.) 

· If there were three rock units, one of gravel, one of sand, and one of clay, all containing the same quantity of water, in which would you drill a well? (Gravel. Water moves easier through gravel than sand or clay. ) 

· How fast is the flow of water underground? (Groundwater moves slowly, typically at rates of 7 to 60 centimetres per day in an aquifer. As a result, water could remain in an aquifer for hundreds or thousands of years.)

Worksheet D1/1:  POROSITY AND PERMEABILITY PUZZLES

Directions: Color in the spaces between the particles to see which soil is more porous. Use a blue crayon or marker to represent water.
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Which has the most open spaces? ________________________________________________

Which would hold the most water?_______________________________________________

Why?______________________________________________________________________

Directions: Do the two mazes below. Show the paths water can take between the particles by using a blue crayon or marker.
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Which allows water to flow more freely? ____________________________________

Lesson D2: GROUNDWATER FORMS AQUIFERS

Main idea: Groundwater collects in layers of gravel, sand, or fractured rock. The upper surface of the collected groundwater is called the water table. An aquifer is water within the zone of saturation, and lies on top of impermeable layer of clay or bedrock. Groundwater must be able to move through underground materials at rates fast enough to supply useful amounts of water to wells or springs in order for those materials to be classified as an aquifer. The ability of a geological formation to yield water depends on two factors: porosity and permeability. Porosity is determined by how much water the soil or rock can hold in the spaces between its particles (as with a sponge). Permeability means how interconnected the spaces are so that water can flow freely between them.

Goal: To help students understand what is an aquifer, and to explain them what is the water table, bedrock, zone of saturation... 

Concepts: groundwater → bedrock, water table, fully saturated zone → aquifer;

Introduction: Water in the ground

Discuss with students about the groundwater:

· Where does the rainwater go?

· How far into the ground does the rainwater percolate?

· Can there be water also below the impermeable layer?

· What is an aquifer?

Activity: Sand and gravel aquifer model
Materials: small aquarium or a large glass jar, soup can with holes, sand, gravel,  plasticine or clay, food colouring or ink (to enhance the visibility of the water), marker, large thick straw, worksheet D2/1 “Groundwater model,” worksheet D2/2 “Section through the ground”; 

1. Make a groundwater model:

(It is good to divide students into small groups, so that each group can build its own model. Let them arrange layers of sand, gravel and plasticine in different orders to enhance the learning possibilities.)

· Arrange layers of sand, gravel and plasticine in an old aquarium or plastic-lined box. (The plasticine represents the layer of solid rock or clay that traps the water.) 

· Use Worksheet D2/1 “Groundwater model” to record the composition of layers.

2. Observing the water level:

· Mix food colouring or ink in a glass of water and then pour it through the soup can to represent rain falling to Earth. Observe the flow of the "rain" water through the model. 

· Water moves or percolates down through the unsaturated zone to the saturated zone. What are saturated and unsaturated zones? (The unsaturated zone occurs immediately below the land surface and contains both water and air in the pores and fractures in the rock materials. The saturated zone is where all the pores or fractures in rock materials are filled with water. The top of the saturated zone is called the water table.)

· Why sometimes the rain does not go to the bottom of the container? (Plasticine represents a rock or clay impermeable layer that water cannot pass). 

· What is an aquifer? 

· Observe and mark the upper level of water in the container. Use Worksheet D2/1 “Groundwater model” to write down the observations. 

3. Drilling a well: 

· Use a strong thick straw to form a "well." To protect the bottom part of a straw from getting filled with sand and clay, use a small stone. After speculating with children what will happen when you dig a hole, poke the straw (protected with a small stone) into ground layers to make a “well”. 

· How high does the water rise in the "well"? (As high as the level of water in the water table). 

· What do you think would happen to the water table if you pumped out water and no rain fell for a long time? (The water level of the water table would drop). 

· Maybe, if you will be lucky, the water will spring out of your “well.” Why sometimes water springs out of the ground with a pressure? How do we call such a spring?

4. Distribute to the students Worksheet D2/2: “Section through the ground” and ask students to fill it out. 

	Bedrock is the solid rock that underlies all soil, sand, clay, gravel, and loose material on the Earth’s surface; the bottom layer

	Aquifer is an underground layer of unconsolidated rock or solid that is saturated with usable amounts of water.

	Water table is the top surface of the groundwater.

	Artesian well is a well that produces water without need for pumping due to pressure exerted by confining layers of soil.

	Groundwater is water that infiltrates into the earth and is stored in the soil and rock below the earth’s surface in the zone of saturation.

	Artesian aquifer is an aquifer that is sandwiched between two layers of impermeable materials and is under great pressure, forcing the water to rise without pumping. Springs often surface from artesian aquifers.

	Unconfined aquifer is an aquifer containing unpressurized groundwater, having an impermeable layer below but not above it.

	Well is a bored, drilled, or driven shaft or dug hole. Wells range from a few feet to more than 6 miles in depth, but most water wells are between 100 and 2,000 feet in depth.


Discussion: Use of groundwater

Have a discussion with students about the use of groundwater:

· Can we use groundwater? (Yes, groundwater is one of the best sources of drinking water.)
· How can we get to the groundwater? (We tap through the ground to the water drilling wells, or we capture it at springs.)
Worksheet D2/1:  GROUNDWATER MODEL

Directions: Observe the groundwater model and record the layers of sand, gravel, soil and clay on a prepared worksheet. After the »rain« observe how water penetrates the layers and write down your observations. Draw the line of the water table. 
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Worksheet D2/2:  SECTION THROUGH THE GROUND

Directions: Carefully observe the drawing and explain the following terms: 
	BEDROCK

	AQUIFER

	WATER TABLE

	ARTESIAN WELL

	GROUNDWATER

	ARTESIAN AQUIFER

	UNCONFINED AQUIFER

	WELL
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Lesson D3:  GROUNDWATER IN KARSTIC ROCK

Main idea: Groundwater that collects in cavities and cracks in karstic rock is called karstic aquifer. The flow of water through cracks, caverns and caves in limestone can be very rapid – more like that of a surface stream. Karstic aquifers themselves are very sensitive to pollution, because the ground has a very limited filtration capacity. The water table of the collected groundwater in karstic aquifer can be very diverse and it completely depends on the form of the cavity and the quantity of water. 

Goal: To help students understand how water moves through karstic rock and collects under ground to form karstic aquifers, and to explain why karstic aquifers are so sensitive to any kind of pollution.

Concepts: groundwater, limestone → karstic aquifer → karstic phenomena (cave, cavern, sinkhole, underground river)

Introduction: Underground rivers

Have a discussion with students about caves and other karstic phenomena:

· Have you ever heard of underground rivers and lakes? Have you ever seen one?

· Why do you think that there are underground rivers?

Activity: Karstic aquifer
Materials: worksheet D3/1 “Section through karst formation;” 
4. Together with students imagine the karstic underground:

· Ask the students if they know what “spelunking” is. (exploring caves or “caving”)

· Have the students imagine they are spelunking. Tell them they are in a limestone cave far underground. What do they think it would be like? What would their senses tell them? (accept their answers)

· Tell them that what they would experience might surprise them. Of course, it would be totally dark except for their carbide lights or flashlights. It would be cool. It would probably be damp, and may be very muddy. (Ask them what this means. It means there is water underground.]) A cave can even be noisy; can they guess what kinds of noises they might hear? (It is common to hear dripping and trickling noises. Again, this means there is water in the cave.)

5. Tell the students that while underground rivers or lakes sometimes occur, most of the water underground moves through tiny spaces between rock and soil particles or through fractures in rock formations. Distribute to the students worksheet D3/1 “Section through karst formation.” Share with them the background information and explain the appropriate terms. Have students write the explanations of the terms on the worksheet.

	Cave is a natural underground chamber ussually with an opening to the surface.

	Sinkhole is a funnel-shaped hole occurring in limestone country. It is formed when the roof of a cave or cavern “caves” in or when the rock just under the topsoil erodes away.

	Cavity is a natural underground hollow space within a massive rock.

	Limestone is a rock that formed chiefly by accumulation of organic remains; consists mainly of calcium carbonate.

	Underground river is a natural underground channell in limestone that is formed and used by a river.

	Bedrock is the solid rock that underlies all soil, sand, clay, gravel, and loose material on the Earth’s surface; the bottom layer.

	Water table is the top surface of the groundwater. In karstic aquifer it depends on the shape of cracks and holes.

	Karstic aquifer is an underground layer of solid limestone rock with cracks and karstic phenomena (sinkholes, caves...) that is saturated with usable amounts of water.


Discussion: Karstic phenomena

Have students investigate in libraries and find pictures of large, spectacular caves.

· Have students locate on a map each of the famous caves and caverns they found.

· Have the students list and define the three different types of karst formations discussed in the lesson (caves, caverns, sinkholes) and try to find out more karstic phenomena!

Worksheet D3/1:  SECTION THROUGH KARST FORMATION

Directions: Carefully observe the drawing and explain the following terms: 
	CAVE

	SINKHOLE

	CAYITY

	LIMESTONE

	UNDERGROUND RIVER

	BEDROCK

	KARSTIC AQUIFER

	WATER TABLE
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Lesson D4:  RECHARGE AND DISCHARGE OF AQUIFERS
Main idea: Recharge is the addition of water to an aquifer. Recharge can occur from precipitation or from surface water bodies such as lakes or streams. Water is lost from an aquifer through discharge. Water can be discharged from an aquifer through wells and springs, and to surface water bodies such as rivers, ponds, and wetlands. 

Goal:  To identify sources of groundwater recharge and discharge, to discuss how water moves from recharge to discharge areas, and to explain the connection between surface water and groundwater. 

Concepts: groundwater, aquifer  → recharge, discharge  → surface water, well, spring;

Introduction: Recharge and discharge of aquifer in nature

Repeat the water cycle with students and find out how aquifers recharge and discharge in nature:

· How does the water get into the ground?

· From where does a spring get its water?

Activity: Groundwater charges surface waters 
Materials: a large clear plastic container or small shallow aquarium, pea-size gravel or sand to fill the container approximately 2/3 full, soup-can with holes, cup, water-grease marker, small tree branches (to represent trees on the model), one pump dispenser from soft-soap or hand-lotion containers, coloured powdered-drink mix (optional); 

1. Prepare a model: 
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· Fill 2/3 of a clear container with pea size gravel or sand. Have students to create hills and a valley. The valley should be in the centre of the model and extend completely across the width of the container. Leave about 1 cm of pea-sized gravel in the bottom of the valley. 

· Explain to the students that the gravel mounds on both sides of the container represent hills with a valley in-between. The students can place small branches on the hills to represent trees. 

2. Explore the connection between groundwater and surface water:

· Instruct a student to hold the soup-can with holes over the model. Then add (coloured) water to the cup. Tell the students that they are simulating rain. 

· Have the students observe how the water infiltrates into the gravel and becomes groundwater.

· Introduce the word “recharge” - the addition of water to the groundwater system. Observe that water is standing in the valley representing a small pond. Have the students use a grease marker to draw a line identifying the water level in the container. The line should traverse the entire model, identifying the water level under the hills and in the valley. Explain that they have just identified the water level of the groundwater in their model. 

· How the groundwater becomes a pond in the valley? (This is because the water table is higher than the land surface (gravel) in the valley.) 

3. Have the students insert the pump into one of the hills on the side of the valley, pushing the bottom down to the groundwater. This represents the well. Allow each of the students in the group to press the pump several times after the water in the pump has begun to flow. Catch the water in a cup. After students take a turn pumping, instruct them to observe the location of the water table in relation to the grease-marker-line. 

· Where did the water go? (In the cup.)

· What happened to the pond? (It disappeared.)

· How we call the removal of water from the ground? (Discharge.)

· What is the effect of groundwater pumping on streams and lakes? (They could go dry.)

Activity: Recharge and discharge of aquifer model
Materials (for each group: one large clear plastic container or small shallow aquarium, gravel, sand, and clay or plasticine, soup-can with holes, cup, pump dispenser from soft-soap or hand-lotion container, water, food colouring or coloured powdered drink mix (optional); 
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Prepare the models: 

· Fill the containers with layers of gravel, sand and clay or plasticine. (Make sure that clay or plasticine layers are really Be creative and prepare a variety of different models of the ground in such a way that the models will include hills and valleys. 

· Instruct one student in each group to hold the can with holes over the model. The other student should add water to this cup. Tell the students that they are simulating rain. Have the students observe how the water infiltrates into the models’ ground and becomes groundwater.

2. Defining aquifers and water tables in each of the models:

· Observe the water in models. Have the students use grease markers to draw lines identifying the water level in the container. Explain that they have just identified water tables of the groundwater in their models. 

· In some cases the groundwater becomes a pond in a valley. Why? (This is because the water table is higher than the land surface (gravel) in the valley.) 

· Observe the layers of sand, gravel and clay and try to define aquifers. Remember that aquifers are layers of the ground fully saturated with water. The borders of an aquifer are water table and impermeable layers of the ground. Mark the borders of aquifers in each of the models.

· In which layers we can find groundwater? (sand, gravel) 

· What is unconfined aquifer?

· What is confined aquifer?

· Make a round and observe the aquifers and water tables in other models. 

3. Have the students insert pumps into their models, pushing the bottom down to the groundwater. The pumps represent wells. Allow each of the students in the group to press the pump several times after the water in the pump has begun to flow. Catch the water in cups. After students take a turn pumping, instruct them to observe the location of the water table in relation to the grease-marker-line. 

· Where did the water go? (In the cup.)

· What happened to the water table? (It has been lowered.)

· How we call the removal of water from the ground? (Discharge.)

4. Explore with students recharge -  the addition of water to the groundwater system:

· How the recharge of freshwater into the groundwater system begins? (As precipitation: rain, snow and hail.)

· Does all the rain infiltrates into the soil? (If the rate of the rainfall exceeds the rate of infiltration, surface water will flow over the land surface to surface-water bodies such as rivers and streams.) 

· Can surface water recharge groundwater? (Yes, because surface-water and groundwater systems are connected.)

· Can aquifers obtain water from reservoirs and streams? (Yes, when and where the water table is lower than the surface water body. Recharge areas usually are higher in elevation than discharge areas.) 

· Is it possible, that a certain aquifer cannot be recharged again? (Yes, some aquifers 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.)

5. Explore with students discharge of the groundwater system. Discharge is where water is lost from the groundwater system.

· What are natural groundwater discharge areas? (Places where groundwater flows from aquifers to springs, seeps, wetlands, ponds, or streams.) 

· Why groundwater discharges to these natural areas? (Because surface-water and groundwater systems are interconnected. The discharge occurs when the water surface of the aquifer called water table is at or above the elevation of the discharge area such as a river or pond. Therefore, the flow of most streams is sustained by groundwater seeping into the stream. The water surfaces of many ponds and wetlands are an extension of the local groundwater table. Springs occur where groundwater flows from an aquifer to the land surface.)

· Is there any other type of discharge areas? (Groundwater can be brought to the land surface by pumping from a well. A well is an opening that has been drilled or dug into an aquifer below the water table. Water from the aquifer flows into this opening to replace water removed by pumping water from the well.)

· What would happen in your neighbourhood stream or pond, if a well were drilled near that stream or pond and enough water pumped to lower the water table around the stream or pond? (Some water from the stream or pond would be removed by the pump through the well. If enough water is removed, a pond or small stream could go dry.)

Discussion: Excessive groundwater pumping

Groundwater recharge reduction is problem in many parts of the world. Groundwater supply works like a checking account at the bank. A person can withdraw only the amount that he or she has deposited (put in). When that amount has been withdrawn, a deposit must be made before more money can be withdrawn. Likewise, groundwater supplies must be recharged if we are to keep on withdrawing groundwater. In other words, the well will run dry if recharge does not keep pace with withdrawal.

1. Water shortage: Explain students that there are some areas in  the world where excessive groundwater pumping is a very serious problem. Farmers in this area are depleting the groundwater supply because of the great demand for water for irrigation of crops and for cattle to drink. This problem is compounded by the fact that the area gets little rainfall, and water is not being replaced at anywhere near the rate at which it is being used.

· Ask the students what they think could/should be done to try and solve the problem and what people in that area will do when the water runs out. Some think this could happen within 40 years.

· Remind them that this area is a vitally important agricultural area. Ask them what would happen if farmers there could not water their crops?

2. Land surface subsidence: Explain to the students that another problem that can occur when excessive groundwater pumping occurs is land surface subsidence in which the area of land over the emptying aquifer literally (although gradually) sinks. This can result in many problems for the communities on that land. Have the students discuss and write a story about a place that is sinking because of groundwater overuse. 

· What would happen to buildings, streets, and other structures?

· What would happen to the people who live there?

Lesson D5:  POLLUTION OF GROUNDWATER
Main idea: Usually, the groundwater is safe to drink. Groundwater quality is generally better than that of surface water because it is not as readily exposed to pollution sources. Besides that, the movement of groundwater through various layers of soil and rock filters out many impurities. However, some groundwater can be polluted by pesticides, chemicals, landfill leachate, and other materials that seep into groundwater supplies. This makes such water unsafe to drink and such a groundwater resource lost for decades, even centuries. 


The capacity of groundwater to purify itself depends greatly on its ability to filter through sand and soil. Generally, unconfined alluvial aquifers have a good self-purification ability, while in unconfined aquifers the movement of water is either very slow, or extremely fast in karstic aquifers. In both cases groundwater has very limited self-purification capacity and is very sensitive to pollution. Therefore, several groundwater protection measures have to be considered (careful land-use planning, groundwater resources protection zones, etc.)

Goal:  To explore filtering of water through the ground, to identify several sources of groundwater pollution, and to explore what can be done to protect groundwater resources. 

Concepts: groundwater → purification (filtration, biological processes) → pollution (pesticide, other poisonous chemicals) → loss of water resources;

Introduction: Is groundwater safe to drink?

Explore with students their ideas about how safe is to drink groundwater:

· Is groundwater that we tap through wells safe to drink? Why?
· What kind of pollutants can be in groundwater to make it unsafe to drink?
· Can groundwater purify itself? How?
Activity: Through sand and gravel water cleans itself
Materials: 5 plastic bottles (cut them on half to get jars and funnels, and mark the jars with A, B, C, D, E), gravel or small stones, sand, fine sand, filter paper, scissors, dirty rainwater, gauze;
1. Running on the surface of the ground, rainwater picks up many impurities that we will try to clean in similar ways as in nature. Prepare and observe the experiment:
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· Stir dirty rainwater up and pour 1/5th of it in the jar A (this will be used to compare with cleaned water).

· Pour 1/5th of rainwater into the jar B, where it should remain still for 30 minutes, so that larger impurities can settle down.

· Prepare a sand filter for the jar C in the cut upper part of the bottle. Line the funnel with one or two layers of gauze to hold the sand than place the material in the funnel in the following order: a small stone in the bottom (to cover the hole), a layer of sand (oppress carefully), and then a layer of fine sand (oppress carefully). Sand filter represents sandy ground layers. Place a couple of stones on top of the sand filter to protect it from water drift. Then slowly pour1/5th of rainwater through the filter.

· Place the funnel on the top of the jar D. Line the funnel with a layer of gauze to keep the gravel in place, and fill the funnel with gravel or small stones. They represent a karstic limestone formation. Then pour 1/5th of rainwater through the “karstic” filter.

· Place a paper filter in the funnel of the jar E, and slowly pour 1/5th of rainwater through the filter.

· Then again mix up the water in the jar A and compare it to water in jars B, C, D and E.

2. Observe the water in the jars:

· What kind of differences can be noticed comparing water in the jars? 

Jar B: dirt was partly removed by settling – this naturally occurs in still waters. 

Jars C dirt was removed by filtering through sand – this naturally occurs when water moves through the ground; unconfined alluvium aquifers have very high capacity to filter water. 

Jar D: dirt was not removed by filtering through gravel and small stones – this naturally occurs in karstic aquifers where water moves through underground caves and channels in solid and partly fractured limestone rock. Therefore, there is very little filtering present in karstic limestone aquifers, which makes these aquifers very sensitive to pollution. 

Jar E: dirt was removed by paper filter;

· Is the filtered rainwater clean enough for drinking? (No, filtering removes from water only solid part of dirt, but does not eliminate dissolved chemical substances in water and microorganisms, which cause different diseases. These can be removed from water by various biological processes.)

Activity: Pollution of groundwater model

Materials: a large clear plastic container or small shallow aquarium, pea-size gravel or sand to fill the container approximately 2/3 full, clay or plasticine (optional), soup-can with holes, cup, water-grease marker, one pump dispenser from soft-soap or hand-lotion containers, coloured powdered-drink mix or food colouring, small tree branches (to represent trees on the model - optional); 

1. Prepare a simple model (only with pea-size gravel) or more complex model (using also clay or plasticine layers between sand or gravel layers): 

· Have students to create hills and a valley using pea size gravel or sand (and plasticine layers between them). 

· Instruct a student to hold the soup-can with holes over the model. Then add a cup of water to the can with holes and tell the students that they are simulating rain. Fill your aquifer with water. Record the number of cups with water you poured into the model to fill the aquifer.

· Have the students insert the pump into one of the hills on the side of the valley, pushing the bottom down to the groundwater. This represents the well. 
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Explain students that just as the rainwater or snowmelt can soak down into the groundwater, so can harmful contaminants like agricultural waste, sewage, and other chemicals:

· Sprinkle a colored powdered-drink mix or food coloring on top of one of the hills. 

· Can pollution on a hill contaminate the water in a lake or a stream? (If there is no impermeable layer between contamination on a hill and a lake or a stream, the pollution will sooner or later contaminate it through groundwater. A stream or a lake can be contaminated also by runoff water on the surface.)

· Add water to the model (as rain through the soup can with holes). Observe and discuss the movement of "pollution" from the hill to the groundwater, and to the lake.

· What is the color of water in a model? (It is polluted by powdered color.)

3. Cleaning the pollution: 

· Continue to add clean water (rain) into the model while pumping out the water from the well. Allow each of the students in the group to press the pump several times after the water in the pump has begun to flow. Catch the water in a cup. Make sure that you record how many cups of water you poured in and how many you pumped out from the model.

· Ask students to observe the color of water in a model. Instruct them to pump as long the “groundwater” is not clear (clean) again. 

· Do you think that it is easy to clean groundwater once it is polluted? (No. In some cases it is impossible to clean it.)

· Were you able to clean your groundwater resource? How much water did you have to change?

· 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: Exploration of pollution

Materials: worksheet D5/1: “Groundwater pollution”;

1. Distribute the worksheet “Groundwater pollution” to the students and ask them to find out the sources of pollution and to discuss in small groups their potential threats to groundwater. Let them write their conclusions on a separate sheet of paper.

2. Draw conclusions out of their findings. Answer key:

	Source of pollution
	How the water resources are affected:

	Abandoned well
	Abandoned wells are often filled with trash that can contain poisonous chemicals... 

	Landfill
	Landfills are filled with any kind of rubbish that can contain poisonous chemicals, therefore, not properly constructed landfills can be a serious threat to groundwater resources.

	Septic system
	Not properly maintained and constructed septic systems can be the sources of contamination of groundwater with fecal coliform bacteria and pathogens, disease-causing organisms.

	Pesticides and fertilizers 
	Overuse of fertilizers from agricultural land contaminate groundwater and consequently surface water sources with nutrients, which causes rapid growth of plants (including their decaying) in surface waters where they use up the oxygen dissolved in the water. As a result, fish and other aquatic life may die.

	Deep-well injection
	Deep-well injection is often used to discharge treated wastewater used in technological processes in industry. Improper treatment of wastewater and weak monitoring system of discharged treated wastewater can be a cause of groundwater contamination... 

	Surface impoundment
	Surface impoundment is used to impound sludge from technological processes. Improper construction of dump sites and week control of discharged sludge can be a source of groundwater contamination.  

	Spills and leaks
	Spills and leaks can contaminate groundwater resources with oil, poisonous chemicals...

	Buried wastes
	Buried wastes can contain poisonous chemicals...

	Leaking underground storage tanks
	Not properly maintained or constructed underground storage tanks can leak and contaminate underground water sources with oil and poisonous chemicals...


Activity: At a snail’s pace

Materials: no material needed;

1. Explain students that groundwater always moves, but the rate of movement may vary from a few centimeters a year in some unconfined aquifers to several kilometers a day in some karst limestone aquifers. Groundwater may remain in the same general area in which it was collected for many years; because of this, groundwater that becomes contaminated can remain contaminated for a long time, even hundreds of years. 

2. Have the students solve the following groundwater math problems: 

· The groundwater is moving at the rate of 1 m per month. Will it reach a location 60 meters away in: A. exactly one year, B. less than one year, C. 2 to 3 years, or D. longer than 3 years? (Answer: D, in 5 years)

· If the groundwater is moving at the rate 18 cm every 98 days, how many centimeters would that be per week? (Answer: 1,28 cm per week)

· The water in a confined aquifer moved 200 km last year. If it is carrying contaminated water toward a location 500 km away, will it reach that location in 2 years? (Answer: No, it will reach that location in 2,5 years.)

· If the groundwater in one of karstic aquifers is moving at the rate of 15 cm per second, how far it can get in 1 hour? (Answer: 540 m)

3. Explain students that the capacity of groundwater to purify itself depends greatly on its ability to move and filter through sand and soil. The faster it moves, the better it filters. However, this is not true for karstic aquifers, where water moves through caves, holes and channels. In such aquifers there is little or no sand for water to filter through, therefore, contaminated water travels very fast and very far. 

Discussion: Protection of groundwater resources

Groundwater resources are precious and we have to protect them from contamination. Discuss with students about different groundwater protection measures: 

· What is important to know about groundwater resources? (location of aquifers, rate and general direction of groundwater movement, quality of water)

· How groundwater resources can be protected? (land-use planning, protected zones etc.)

Worksheet D5/1:  GROUNDWATER POLLUTION

Directions: First drawing presents a countryside situation, the second drawing presents more urbanized area. Carefully observe both drawings and explain what kind of pollution (what kind of pollutants) one can expect in each of the cases that are presented with drawings. Use a separate sheet for the answers.
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Lesson D6:  SALTWATER INTRUSION
Main idea:  The ground below the ocean contains saltwater, while the ground below the coast contains freshwater. The borderline between saltwater and freshwater is affected by the weather (precipitation, evaporation), and by human activity (drinking water withdrawal). Saltwater intrusion can result from excessive pumping of freshwater wells. When the water table drops below sea level, salt water from the ocean flows into the freshwater aquifer. When this happens, the water drawn from those wells is no longer suitable for drinking or for watering crops. Salty water can also cause pipes to rust. New wells must then be drilled and the old ones capped.

Goal: To increase the students understanding of saltwater intrusion and providing them with knowledge about possible ways to protect wells with drinking water from it.

Concept: groundwater, freshwater, saltwater → saltwater intrusion

Introduction: Salty groundwater

Discuss with students about salty groundwater:

· Can groundwater be salty?
· Do you have any experiences with salty groundwater?
· Do you have any idea why sometimes groundwater is salty?
Activity: Seawater intrusion

Material: two plastic drink bottles, straw, duct tape, food coloring, a pump (from a soap or lotion bottle), worksheet D6/1 “Saltwater intrusion;”
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Preparation of a model: 

· Take two plastic drink bottles. Poke a small hole in the side of each bottle about half-way from the bottom. Connect the two bottles with a straw, sealing the openings with duct tape.

· Fill each bottle with water to just above the straw.

· Put a pump (from a soap or lotion bottle) in one of the bottles.

2. Drop two to three drops of food coloring in the second bottle as you begin pumping water rapidly from the first one. The colored water will “contaminate” the water in the other bottle, just as salt water contaminates fresh water when the water table drops below sea level in a coastal area.

3. Distribute worksheet D6/1 "Saltwater Intrusion" to the students and explain the drawings. Explain that saltwater intrusion usually happens in coastal areas where recharge falls short of withdrawal. After explanation of both drawings, ask students to answer the questions. 

Answer 1: Saltwater is heavier and more dense than freshwater, at the borderline therefore, saltwater hoists freshwater.

Answer 2: Saltwater intrusion occurred because of excessive pumping of freshwater wells. When the water table dropped below sea level, salt water from the ocean flew into the freshwater supply. Therefore, the water drawn from the well is salty.

Answer 3: There are two options. Placing a well in such a way to charge from a hanging aquifer can result in good quality of water safe from saltwater intrusion, but with a very limited supply. Placing a well in such a way to charge directly from the main aquifer can result in much greater supply, but with a threat of saltwater intrusion. Therefore, several prevention measures should be in place (controlling water table and regulating water withdrawal accordinglly).

Discussion: Protecting wells from saltwater intrusion

Groundwater is an important source of drinking water also in coastal areas. Saltwater intrusion is especially problematic in coastal sandy areas, where other drinking water resources are very limited. 

· What can be done to protect wells from saltwater intrusion? (The location and depth of wells should be planned properly. The water level in a coastal aquifer should be controlled to prevent saltwater intrusion.) 

Worksheet D6/1:  SALTWATER INTRUSION
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Directions: Carefully observe the drawings and answer the following questions on a separate sheet of paper: 
1. First illustration presents section through the coast without any human activity. The ground below the ocean contains saltwater, while the ground below the coast contains freshwater. On the borderline between freshwater and saltwater, saltwater is below the freshwater. Why?

2. Second illustration presents section through the same coast as in the first example. This time with a well where saltwater intrusion occurred. What has happened? 

3. Third illustration presents section through a sand dune between the sea and the lagoon. Sometimes there are layers of clay present in the ground of a sand dune that can hold freshwater (in hanging aquifer). Where would you place your well? Draw the well and write an explanation on a separate sheet of paper!
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