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; DESCRIPTION: Students will construct an aquifer and answer questions about groundwater concepts.

ATEAMOFUPTO: 2 APPROXIMATE TIME: 50 Minutes

2. EVENT PARAMETERS: The supervisor will supply score sheets, water, Station 2 resources, and Station
3 building objectives. Students are required to bring any materials needed to assemble an aquifer on-site.

| The entire aquifer is to be housed in one transparent container not exceeding a total volume of 3.1 liters.

This container can be cut or punctured in advance but must be brought to the competition empty. Electric

pumps/tools and commercial flow models are not allowed. Students cannot bring notes, texts, or references.

Students are responsible for taking and/or properly disposing of all materials used in assembling their

aquifer. An extended list of suggested materials (hazardous and harmful chemicals are NOT allowed)

and possible concepts are available at www.soinc.org and http://www.groundwater.org/pe/so_aa.html and

may include but not limited to material such as:

a. Sand and gravel (such as pea-sized or aquarium gravel)

b. Modeling clay or plumber’s putty

c. Materials for wells and pumps, such as soap bottle pumps or
aquarium tubing and plastic syringes. No electric or
commercial pumps permitted.

d. Well screening materials, e.g., nylon hose, cotton, coffee

filters, etc.

Sponge

Aluminum foil and/or plastic wrap or sheeting

Empty 35 mm plastic film canisters or equivalent

Material to represent contaminants, such as food coloring or

powdered drink mix

Materials that could be used for remediation such as coffee filters, fabric squares, charcoal, etc.

Items useful in creating or demonstrating the aquifer but that will not be part of the aquifer, such as

scissors, tacks, tape, containers to hold water and/or contaminants, blank paper, pen or pencil, etc.

3. THE COMPETITION: Students will be given 10 minutes to complete each station.

a. Station 1: Students take a written test on groundwater concepts and vocabulary. Questions can be multiple
choice, true/false, fill in the blank, or short answer.

b. Station 2: Students take a written test utilizing provided resources such as maps, charts, graphs, models,

and scientific publications. Questions can be multiple choice, true/false, fill in the blank, or short answer. .,

c. Station 3: Students build an aquifer that will explain and demonstrate concepts chosen by the event

supervisor. Students may create notes at Station 3 to use at Station 4. Possible concepts include but are

| not limited to: recharge, discharge, connection between surface and groundwater, water table, porosity,

5 permeability, well location and abandonment, groundwater contamination, remediation, and safe yield

from an aquifer. See list of presentation concepts for regional, state, and national tournaments at

; Awesome Aquifer event page at www.soinc.org.

1 d. Station 4: Students use the aquifer built at Station 3 to explain and demonstrate the required concepts to a
judge(s). Information may be presented in any way or order students choose and the same demonstration
may be used to explain more than one concept. Judge(s) may ask clarifying questions but only if a team
has finished its demonstration and there is time remaining.
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4. SCORING: Highest score wins. Station 1-25%, Station 2-25%, and Station 4-50%. First tiebreaker: highest
score at station 4. Second tiebreaker: highest score on pre-selected questions at station 1 and 2. Answers
must include units where appropriate.

tecommended Resources: All reference and training resources including the Awesome Aquifer DVD are
available on the Official Science Olympiad Store or Website at http://www.soinc.org

THIS EVENT IS SPONSORED BY THE GROUNDWATER FOUNDATION

K (http://www.groundwater.org/pe/so_aa.html) J
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Wells and How They Work

More than 17 million households in the United States use individual wells to supply water
for their families. Wells are used to extract water from aquifers. It takes a lot of energy
to get water out of the ground and into cities, homes, and farms.

What Is A Well?

Basically, a well is a hole drilled into an aquifer, A pipe and a pump are used to pull
water out of the ground, and a screen filters out unwanted particles that could clog the
pipe. Wells come in different shapes and sizes, depending on the type of material the
well is drilled into and how much water is being pumped out.

Three Basic Types Of Wells

. Bored or shallow wells are usually bored into an unconfined water source,
generally found at depths of 100 feet or less.

. Consolidated or rock wells are drilled into a formation consisting entirely of
a natural rock formation that contains no soil and does not coliapse. Their average
depth is about 250 feet.

» Unconsolidated or sand wells are drilled into a formation consisting of soil,
sand, gravel or clay material that collapses upon itself.

Well Construction

All private well construction is based on establishing the right location for the well,
sizing the system correctly and choosing the proper construction techniques. Only a
professional water well contractors should install wells. They are familiar with the
hydrology in an area and all local codes and regulations. Proper well construction is key
to operating and maintaining a well,

A well is composed of many components; the following is a list of the most important
materials used:

. Casing is used to maintain an open access in the earth while not allowing any
entrance or leakage into the well from the surrounding formations. The most
popular materials used for casing are black steel, galvanized steel, PVC pipe and
concrete pipe.

- Grout is a sealant that is used to fill in the spaces around the outside of the well.
It protects the well against the intrusion of contaminants. A grout mixture can be
made of cement, bentonite, or concrete (each used separately).

« Screen keeps sand and gravel out of the well while allowing groundwater and
water from formations to enter into the well. Screen is available in many materials,

http://www.groundwater.oro/oi/wells html
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the most popular being stainless steel and stotted PVC pipe. Screen is used when
wells are dritled into unconsolidated materiats.

« Gravel pack is placed around the outside of the screen to prevent sand from
entering the well or clogging the screen and to stabilize the well assembly.

Weil Contamination

A well can easily be contaminated if it is not property constructed or if toxic materials
are released into the well, Toxic material spilled or dumped near a well can leach into
the aquifer and contaminate the groundwater drawn from that well. Contaminated wells
used for drinking water are especially dangerous. Wells can be tested to see what
chemicals, pathogens and other contaminants may be in the well and if they are present
in dangerous quantities.

Things you can do to protect your groundwater and water well:

« Maintain your well and test the water quality annually.

» Keep household chemicals, paint and motor oil away from your well and dispose of
them properly by taking them to a recycling center or household hazardous waste
collection site.

» Limit your use of pesticides and fertilizers.

« Install a well cap and keep it clear of leaves, mulch, dirt, snow and other
materials.

« Use caution when mowing around your well so you don't damage the well casing.

« Practice water conservation measures in your home and install low water use
appliances.

+ Learn more about well testing.

About Your Well

For information on your well, contact the well contractor who installed it, or locate a
water well contractor in your area by looking in the telephone directory. For more
information on drinking water and private wells, visit the US Environmental Protection
Agency's website at hitp://www.epa.gov/safewater/privatewells/bocklet/ index. himt.
Learn more about wells at www.watersystemscouncil.org and www, wellgwner.org.

If you have specific questions about your well, contact wellcare(R) at
Nt/ Swww.owatersystemscouncil.org/wellcare/ index. cfm.

Special thanks to the Water Systems Council for contributing information contained in
this article.

About Us Get Informed Take Action Programs/Events Kids Corner Shop Site Map Search (Contact Us
; © 2011 The Groundwater Foundation.
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5: Groundwater
What is groundwater?

Groundwater is fresh water (from rain or melting ice and snow) that soaks into the soil and is stored in the tiny spaces (pores) between rocks and particles of soil. Groundwater
accounts for nearly 95 percent of the nation's fresh water resources. It can stay underground for hundreds of thousands of years, or it can come to the surface and help filt
rivers, streams, fakes, ponds, and wetfands. Groundwater can also come to the surface as a spring or be pumped from a well. Both of these are common ways we get
groundwater to drink. About 50 percent of our municipal, domestic, and agricultural water supply is groundwater.

How does the ground store water?

Groundwater is stored in the tiny open spaces between rock and sand, soil, and gravel. How well loosely arranged rock (such as sand and gravel) holds water depends on the
size of the rock particles. Layers of loosely arranged particles of uniform size (such as sand) tend to hold more water than layers of rock with materials of different sizes. This is
because smaller rock materials settle in the spaces between larger rock materials, decreasing the amount of open space that can hold water. Porosity (how well rock material
holds water) is also affected by the shape of rock particles. Round particies will pack more tightly than particles with sharp edges. Material with angular-shaped edges has
more open space and can hold more water.

Groundwater is found in two zones. The unsaturated zone, immediately below the land surface, contains water and air in the open spaces, or pores. The saturated zone, a
zone in which all the pores and rock fractures are filled with water, underlies the unsaturated zone. The top of the saturated zone is called the water table (Diagram 1). The
water table may be just below or hundreds of feet below the land surface.

Diagram 1
Groundwater Zones

ater Table
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What is an aquifer?

Where groundwater can move rapidly, such as through gravel and sandy deposits, an aquifer can form. In an aquifer, there is enough groundwater that it can be pumped to
the surface and used for drinking water, irrigation, industry, or other uses.

For water to move through underground rock, pores or fractures in the rock must be connected. If rocks have good connections between pores or fractures and water can
move freely through them, we say that the rock is permeable. Permeability refers to how well a material transmits water. If the pores or fractures are not connected, the rock
material cannot produce water and is therefore not considered an aquifer. The amount of water an aquifer can hold depends on the volume of the underground rock materials
and the size and number of pores and fractures that can fill with water.

An aquifer may be a few feet to several thousand feet thick, and less than a square mile or hundreds of thousands of square miles in area. For example, the High Plains
Aguifer underlies about 280,000 square miles in 8 states- Colorado, Kansas, Nebraska, New Mexico, Oklahoma, South Dakota, Texas, and Wyoming.

How does water fill an aquifer?

Aquifers get water from precipitation (rain and snow) that filters through the unsaturated zone. Aquifers can also receive water from surface waters like lakes and rivers. When
the aquifer is full, and the water table meets the surface of the ground, water stored in the aquifer can appear at the land surface as a spring or seep. Recharge areas are
where aquifers take in water; discharge areas are where groundwater flows to the land surface. Water moves from higher-elevation areas of recharge to lower-elevation areas
of discharge through the saturated zone.

How does water circulate?

Surface water and groundwater are part of the hydrologic cycle, the constant movement of water above, on, and below the earth's surface (Diagram 2). The cycle has no
beginning and no end, but you can understand it best by tracing it from precipitation.

Precipitation occurs in several forms, including rain, snow, and hail. Rain, for exampie, wets the ground surface. As more rain falls, water begins to filter into the ground. How

fast water soaks into, or infiltrates the soit depends on soil type, land use, and the intensity and length of the storm. Water infiltrates faster into soils that are mostly sand than
into those that are mostly clay or silt. Almost no water filters into paved areas. Rain that cannot be absorbed into the ground collects on the surface, forming runoff streams.

http://www.epa.cov/sunerfund/students/clac act/haz-ed/ff 05 htm 17712011
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When the soit is completely saturated, additional water moves slowly down through the unsaturated zone to the saturated zone, replenishing or recharging the groundwater.
Water then moves through the saturated zone to groundwater discharge areas.

Evaporation occurs when water from such surfaces as oceans, rivers, and ice is converted to vapor. Evaporation, together with transpiration from plants, rises above the
Earth's surface, condenses, and forms clouds. Water from both runoff and from groundwater discharge moves toward streams and rivers and may eventually reach the ocean.
QOceans are the largest surface water bodies that contribute to evaporation.

Diagram 2
Hydrologic Cycle
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How is groundwater contaminated? -

Groundwater can become contaminated in many ways. If surface water that recharges an aquifer is polluted, the groundwater will also become contaminated. Contaminated
groundwater can then affect the quality of surface water at discharge areas. Groundwater can aiso become contaminated when liquid hazardous substances soak down
through the soil into groundwater.

Contaminants that can dissolve in groundwater will move along with the water, potentiaily to welts used for drinking water. If there is a continuous source of contamination
entering moving groundwater, an area of contaminated groundwater, called a plume, can form (Diagram 3). A combination of moving groundwater and a continuous source of
contamination can, therefore, poliute very large volumes and areas of groundwater. Some plumes at Superfund sites are several miles long. More than 88 percent of current
Superfund sites have some groundwater contamination.

How do liquid tamii gr d r?

Some hazardous substances dissolve very siowly in water. When these substances seep into groundwater faster than they can dissolve, some of the contaminants will stay in
liquid form. If the liquid is less dense than water, it will float on top of the water table, like oil on water. Poliutants in this form are calied light non-aqueous phase liquids
(LNAPLSs). If the liquid is more dense than water, the pollutants are called dense non-aqueous phase liquids {DNAPLs). DNAPLs sink to form pools at the bottom of an
aquifer. These pools continue to contaminate the aquifer as they slowly dissolve and are carried away by moving groundwater. As DNAPLs flow downward through an aquifer,
tiny globs of liquid become trapped in the spaces between soil particles. This form of groundwater contamination is called residual contamination. -

Diagram 3
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What affects groundy ination?

Many processes can affect how contamination spreads and what happens to it in the groundwater, potentially making the contaminant more or less harmful, or toxic. Some of
the most important processes affecting hazardous substances in groundwater are advection, sorption, and biological degradation.

« Advection occurs when contaminants move with the groundwater. This is the main form of contaminant migration in groundwater.

httn://www.ena.cov/aninerfind/ctidente/elac ant/haz_ad/fF 08 him 1A /171011
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« Sorption occurs when cc inants attach th ives to soll particles. Sorption slows the movement of contaminants in groundwater, but also makes it harder to
clean up contamination.

« Biological degradation happens when microorganisms, such as bacteria and fungi, use hazardous substances as a food and energy source. in the process,
contaminants break down and hazardous substances often become less harmful.

Why is cleaning up groundwater so hard?

Cleaning up cor i d grour often takes longer than expected because groundwater systems are complicated and the contaminants are invisible to the naked eye.
This makes it more difficuit to find contaminants and to design a treatment system that either destroys the contaminants in the ground or takes them to the surface for cleanup.
Groundwater contamination is the reason for most of Superfund's long-term cleanup actions. Diagram 4 ilustrates groundwater treatment in action.

Diagram 4
Pumping and Treating Contaminated Groundwater
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