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Where does groundwater come from, and where is it
going?

Once water percolated down to the water table to become groundwater, it starts to
move slowly down gradient toward an area where it can discharge at the surface of the
ground. Those areas where water enters the groundwater system are called recharge
areas, and those areas where groundwater reappears at the surface of the ground are
called discharge areas.

Groundwater recharge areas are usually located in upland areas. However, in areas
such as the Central Sands of Wisconsin, where topographic differences are small, most
of the land area can be considered part of the recharge area. Groundwater discharge
areas are normally topographic low areas such as lakes, rivers, and wetlands.

The amount of groundwater recharge that occurs is related to a number of factors,
including the porosity and permeability of the soil, the topography of the land surface, and
the timing and amount of the precipitation that occurs.

Porosity is the ratio of the volume of the void space in a material to the total volume
of the material. Porosity is influenced by the sizes and shapes of the individual grains that
make up a soil, and the uniformity of grain size within the soil. Permeability is the capacity
of a material to transmit
fiuids, which is mainly
controlled by the size of
the pore spaces and the
degree to which they are
interconnected.

Soil Particles

In the Central Sands
area of Wisconsin the
sandy soils are porous
since there is a relatively
high percentage of void
spaces between the sand
grains. These soils are
Non-compacted Compacted also very permeable
because the spaces
between the sand grains
are usually large and interconnected, allowing water to flow through. Therefore, there is a
high rate of groundwater recharge in that area. As much as 12 inches of the 30 inches of
annual precipitation may recharge groundwater.

Figure 3:

Other areas in Central Wisconsin have heavier soils, such as clays and silts. These
soils often have high porosities because there is a high percentage of void spaces, but
low permeabilities because the pores are very small and not very well interconnected.
The net effect is that these soils do not allow much water through, and the rate of
groundwater recharge may be only 3 or 4 inches per year. More precipitation runs off
these soils into surface water, evaporates back into the atmosphere from the soil,
surface water and vegetation, r is held in the saturated zone. Fine-textured soils such as
clays and siits may hold up to 40% moisture by volume, while sands may hold less than
10%. '




Timing of rainfall is also important. If rain falls at a time when crops are actively
growing and using water, very little may make its way to the saturated zone. In fact, in
many areas the major recharge periods occur in spring and fall, when precipitation is
greater and crops are not actively intercepting and using as much water.

Topography influences the rate of groundwater recharge as well. In steep terrains,
more water may run off the land into surface water than in flatter terrains.

Darcy’s Law: flow of water through porous materials

The rate of ground water movement is governed by the permeability of the aquifer, and
by the potential gradient. The potential gradient in an aquifer is measured as the difference
in hydraulic head at différent points in the aquifer. Think of the potential gradient as a change
of hydraulic head (dh) over a change in distance (dl).

That is: potential gradient = dh/dl
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Velocity of groundwater movement is calculated using the Darcy equation. The

Darcy equation is expressed as:
v=K*(dh/dl)
v = specific discharge or Darcy velocity
(ft/day)
K = hydraulic conductivity (ft’/ft?/day)
dh/dl = potential gradient (ft/ft)

note: actual rate of ground water movement is the “linear velocity” = v/porosity

Hydraulic conductivity (K) is a function of the aquifer characteristics. It is usually
measured in the field using pumping tests, or in the laboratory using an undisturbed sample
of the aquifer material.

The potential gradient in an unconfined aquifer can be determined by measuring the
slope of the water table. In a confined aquifer, the hydraulic gradient can be calculated by
measuring the gradient of the potentiometric surface.
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Why does groundwater flow?

Darcy’'s Law tells us that the rate of groundwater flow is fairly predictable when we
know something about the aquifer that groundwater is flowing through. The laws of
physics tell us that in order for this groundwater flow to occur, energy is required, but
where does this energy come from?

Groundwater flows in response to differences in energy levels. The laws of physics
tell us that all substances have energy in mechanical, thermal, and chemical forms.
Nature is constantly trying to equalize energy levels, and so groundwater moves from
areas of high energy to areas of lower energy. Since most groundwater has negligible
thermal or chemical differences, mechanical energy is the most significant energy source
fro groundwater flow.

The total mechanical energy that makes groundwater flow is called hydraulic head.
The hydraulic head is defined as the sum of three factors: kinetic energy (the energy of
motion), gravitational energy (the energy of position or elevation), and pressure energy
(the energy that comes from the weight of the overlying water and earth materials).

Groundwater moves so slowly that we can ignore the kinetic energy term. The
hydraulic head (h), or the energy which causes groundwater to flow, can then be
expressed as the gravitational energy plus the pressure energy. The gravitational
energy comes from the difference in elevation between the recharge area and the
discharge area. Therefore, itis also called the elevation head (z). The pressure energy
is also called pressure head (h,). Therefore,

H=z+h,
hydraulic head = elevation head + pressure head

Hydraulic head is expressed in terms of energy per unit weight of water. It is
normally expressed in joules/Newton, which can be reduced to meters (see appendix B
for this formula).

If we multiply the hydraulic head by the acceleration of gravity, we obtain the force

potential: @
g =gh
force potential = acceleration of gravity x hydraulic head

The force potential is expressed in terms of energy per unit mass of water. Itis
normally expressed in joules/kilogram, which can be reduced to meters2 / seconds? (see
appendix B for this formula). If the force potential (energy per unit mass) is multiplied by
a mass of water, we get the true physical expression of energy, the joule. The force
potential is the driving energy behind groundwater flow.

Elevation head and pressure head are both important terms in this equation,
because they both contribute to h, the hydraulic head, but the relative proportion of each
is unimportant. Water can flow “uphill” if the pressure head is greater than the elevation
head.
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Components of Hydraulic Head in the
Unconfined Aquifer

At this point within the aquifer, the total hydraulic head (h) is composed of a pressure
head (hp) caused by the weight of the overlying water, and an elevation head (z), the
height of the point above the bottom of the model.

h=h,+2z
At a point located on the water table, h,=0and soh=2z.

Water flows from areas of higher head to areas of lower head. Note at the inlet, the
head h, is greater than that at the outlet h,, so water flows from h; to h,.

In the confined aquifer, water flows from point 1 to point 2 because h at point 1 is
greater than h at point 2.
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‘ Components of Hydraulic Head in the
- Artesian Aquifer

At a point within the aquifer, the total hydraulic head (h) is composed of a pressure
o head (h,) caused by the weight of the overlying water, and an elevation head (z), the
‘ height of the point above the bottom of the model.

- h=hp+z

Ata paint located on the water table, h,=0 and so h = z.

{rmm
‘ In the artesian aquifer, water flows from point 3 to point 4 because h at point 3 is
greater than h at point 4.
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What properties of water make it unique?

Water is a vital resource for all living things. It is believed that life originated in water.
The bodies of living organisms are mainly composed of water, and all living things need
water to survive. Water can dissolve more substances in greater quantities than any
other liquid. The many unique properties of water cause it to have a tremendous impact
on our physical environment as well.

Water has high specific heat, which is the number of calories required to raise the
temperature of water (1 cal / gram/ degree C). This helps us to maintain the
temperatures of our bodies despite extremes of heat or cold. This same high heat
capacity allows large lakes and oceans to moderate the temperature of nearby land.

Water has the highest heat of vaporization of any liquid (540 calories / gram). This
means that large amounts of heat energy are needed to evaporate even small amounts
of water. The release of this energy is the driving force behind the world's weather
systems. In addition, this property helps to keep the body temperature of living
organisms constant, since a large amount of heat can be dissipated by vaporizing a small
amount of water.

Water also has a high heat of fusion, meaning that a large amount of heat energy (80
cal / gram) is given off as water changes form from liquid water to solid ice. This property
also moderates the temperature of bodies of water in the wintertime.

Water reaches its maximum density at 39 degrees F. Therefore, ice is less dense
than water and floats in water. If this were not true, lakes would freeze from the bottom
up, making them very difficult to thaw in the spring and drastically changing the habitat of
aquatic organisms.

Water molecules are dipolar, that is, the positively charged hydrogen ions are on one
side of the molecule and the negatively charged oxygen ion is on the other side. This
polarization leads water molecules to be attracted to each other by a phenomenon called
hydrogen bonding. Hydrogen bonding causes water molecules in the atmosphere to
coalesce and fall as raindrops. When water is compared to compounds of similar
molecular structure, it has unusually high boiling and melting points, attributed to

hydrogen bonding.
Hydrogen bonding
Hydrogen bonding also causes water molecules to between water molecules
be strongly attracted to mineral surfaces. Water easily -
wets and penetrates small rock factures. Freezing and
expansion of the water in these cracks causes much of
the weathering that produces our soils.

The polar nature of water molecules is largely
responsible for its ability to dissolve many other
substances. Water is often called a universal solvent
for this reason.
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How does groundwater become contaminated?

Groundwater naturally contains substances other than the hydrogen and oxygen
atoms that make up H,O. When water falls as rain, it acquires dissolved gases from the
atmosphere. Groundwater also contains naturally occurring minerals and gases, which
are dissolved as it passes through the soils and rocks of the unsaturated zone and
aquifer.

Water’s natural ability to dissolve and carry materials allows it to be easily
contaminated by human activities as well. Normally, the soil is able to absorb and
remove much of the contaminants from the wastes we add to it. In fact, wastes such as
manure actually improve the fertility of the soil. However, if the soil layer is very thin, if
the soil has a high permeability, or if the water table is very shallow, we may exceed its
capacity to handle wastes. The excess contaminants may then be carried into the
groundwater system by rainwater, melting snow or irrigation water.

Examples of human activities which may contaminate groundwater include
agricultural and residential activities which involve: fertilizers, pesticides and animal
wastes, leaking fuel storage tanks, landfills and dumps, road salt, runoff from streets and
parking lots, septic systems, disposal of sludge from municipal and industrial sewage
treatment plants, and disposal of septage from home septic systems.
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I1. Mechanics of Model Use

This section will help you set up, use and maintain your groundwater model. A diagram of
the model is included at the end of this section for your reference.

Items sent with the model

¢ Size 13 rubber stopper with angled plastic tubing. The stopper fits into the
provided Nalgene bottle as well as a standard quart jar.

. A Nalgene bottle

. A stand

. Two elbow joints

¢ Two syringes (10cc and 30cc).

. 3 uncut syringe tips

¢ A 3 ft piece of tubing

. A demonstrational video

¢ This manual

¢ Additional labels

¢ Newsletter and parts list

Setup and Demonstration

Allow yourself time to practice and become familiar with the model before
demonstrating with it in a classroom setting.

Use the base provided to hold the model. You may also wish to purchase or
construct a wooden box to transport the model (see appendix C). This can be inverted
and used as a platform to display the model. If you would like, place the additional labels
at the tops of the piezometers according to the diagram at the end of this section. Place
the elbow joints into the two outlet holes (located behind the lake and on the right side of
the model). Close both outlets by turning the elbows up.

Locate the Nalgene bottle and the #13 rubber stopper with a short piece of tubing
inserted. Fill the Nalgene bottle with distilled water, and place the rubber stopper
assembly tightly on the bottle. Don’t expect it to go into the bottle more than %”. Invert
the bottle at the left end of the model so that the water runs into the open channel. (Later,
you can demonstrate additional concepts by adding a second bottle and stopper
assembly in the channel on the right side of the model.)

Make up red, blue and green colored solutions using 2 mL of food coloring, adding
approximately 100 mL of water. Fill piezometers A and E, which extend into the artesian
aquifer, with blue dye using the small syringe that was provided with the model (see the
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diagram for help). Fill each of the other five piezometers with green dye. Add dye until it
reaches the bottom of the piezometers spilling into the soil below. Injecting dye into the
pumping wells will allow more points for observation of the water table level. However,
the dye will be quickly removed if you pump these wells. Place an uncut syringe tip
provided with the model into the artesian well outlet in the lake. Add blue dye to the water
that rises in this tube for easier observation of the water level.

To discharge water and create a flow, select either the outlet in the lake or the outlet
at the right end of the model. Turn the elbow joint to the desired outlet level. Add a length
of tubing to the elbow joint to carry the discharge water to a waste container. Turning the
elbow joint all the way down will cause the greatest elevation difference. This will allow
the best visual display of the principles you wish to show, but it will also use the greatest
volume of water.

When you wish to use the injection wells, use the syringe to add dye to them. You
will see three tubes at the left side of the model. The red tube injects dye into the coarse
wedge, the blue tube injects dye into the sand, and the black tube injects dye into the
confined aquifer. The dye injection should result in a visible spot at least one inch in
diameter.

When you are ready to use the leaky landfil, add red dye to a level above the holes
drilled in the landfill sides. Dye should quickly move out of the landfill through the surface
unsaturated zone to the water table. If the dye moves too slowly, you may which to
“prick” the holes with a pin.

Continue to refill the inlet (Nalgene) bottle as needed. You will begin to observe
movement of dye from the injection wells and from the excess added to the piezometers
toward the outlet. If you add excess dye to the piezometers periodically, you will have a
continuous trace of dye to the outlet. If you do not, you will have only a single spot to
follow as it moves away from its source toward the outlet.

Flow rates will vary depending on the age of the model and its time spentin a
traveling vehicle. Both of these things create settling of the materials in the model.
Having the model refilled every five years will keep its capabilities at a maximum. If you
are unsure about the condition of the model you may mail, email or fax a picture of it to
the Groundwater Model Project for review.

Cleanup of model after use

When you finish your demonstration, the dye should be flushed out of the model
within 24 hours. Close the lake outlet and open the outlet on the right side. Run 3-4
bottles of distilled water throughout the model. Any faint dye traces that remain will not
harm the model, but they might interfere with visualization of the dye traces in the next
demonstration. Ways of expediting flushing the dye include raising the inlet end slightly to
increase the gradient, or siphoning water from the outlet with the enclosed piece of tubing
attached to your large syringe. Removing dye from the piezometers with the syringe will
prevent staining in the piezometers.

Drain the lake by opening the lake outlet before putting the model into storage.
Storing the model with some water in it prevents settling of the sand. Store the model with
at least enough distilled water in it to keep the confining layer wet. If this layer dries it may
crack and no longer function as a confining layer.




Long-term maintenance of model

v Always use distilled water in your model. Minerals present in tap water will build
up over time and clog the aquifers. These minerals also make staining more
apparent on the model’s plastic surfaces.

v If you model appears to flow more slowly than before, it may be clogged with
bacterial or algal growth. Several methods may be tried to clear the problem:

1) Run a chlorine bleach solution of approximately 1 tablespoon/quart of
water through the model. Also inject this solution into each well or
piezometer. Allow the model to sit for an hour or more. Follow this with 3-4
bottles of clean water. Withdraw several volumes of clean water from each
well or piezometers to thoroughly rinse it.

2) Inject 3% hydrogen peroxide into the piezometers to clear them. Allow
this to sit until the “fizzing” stops.

3) Add a large bottle of water to the right side of the model. Use a piece of
tubing attached to the large syringe to draw water out of the channel on
the left side, reversing the normal direction of flow.

v I the outlets leak around the threads, they can be repaired by wrapping Tefion
pipe tape around the threads. Try to remove the elbow joints as little as possible.
They may be stripped of their threads after long-time use.

v Never allow the model to freeze.

v' Store the model out of direct light to prevent algal growth.

Model Problems

Problem: The model has been spilled or needs refilling.

Solution: The model may need to be sent to us for refiling.
Please call or email us for further instructions.

Problem: The model leaks water from seams.

Solution: Completely clean the bad spot and dry it. Apply a very
thin layer of clear silicone caulk. Allow the area to dry and repeat
as many times as necessary, but do not exceed four times.

Problem: The mode! leaks water at outlet joints.
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Solution:

1) With long use the elbow joint threads may become smooth. A
new %" elbow joint may be ordered from us or obtained at a
hardware store.

2) Check to see that elbow joints are wrapped with Teflon tape.

3) Avoid removing the elbows each time for storage; this may
potentially strip the threads on the model itself.

Problem: Piezometer does not fill to correct water level.

Solution:

1) It the model is clogged with bacterial or algal growth, see
suggestions under “Long Term Maintenance”.

2) If the piezometer is clogged with sand or stones please call for
further instructions to not damage the fragile screen at the bottom
of the piezometer. If the screen has been damaged, the model wilt
need to be emptied and the screen repaired. Please call or email
before sending a model in for repair.

Problem: Pumping wells pump_sand,

Solution: The screen is broken. The model will need to be

emptied and the screen repaired. Please call or email before
sending a model in for repair.

Problem: The artesian aquifer is not under artesian pressure.

Solution:

1) Be sure that the extra syringe tips are inserted into the artesian
outlet in the iake.

2) If pressure is still not maintained, there is probably a break in the
confining layer or the well may be broken. The model should be
emptied, repaired, and refilled. Please call or email before sending
a model in for repair.

3} In the future, be sure to store the model with the confining layer
kept moist.

Problem: Labels are no longer readable.

Solution: Order a new set from us. Cover them with clear tape
for protection.
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The Septic Tank Model was designed in 2004 for the purposes of demonstrating an
entire septic system in relation to our groundwater and its resources. The model is
equipped with a functional septic tank (including baffles, inlet, outlet, and a manhole) as
well as a leach field.

The use of the Septic Tank Model should be much the same as the regular
Groundwater Model because the only difference is the septic system at the left side. You
may experience a restriction of flow because of the tank in the model, so we do not
recommend inserting any dye into the sand on the left side of the model.

Parts Included with the Septic Tank Model

+ Base

¢+ Nalgene bottle

+ #13 Rubber stopper with angled tubing inserted

+ Whirl Pak includes: 10cc syringe, 30cc syringe, 2 elbow joints, 3ft of tubing, 3
syringe tips

¢ This manual

¢+ Video

+ Newsletter and parts list

]
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Setup and Demonstration

Place the Septic Tank Model on the base and insert the elbow joints. The elbow
joints screw into holes behind the lake and on the right side of the model. Fill the Nalgene
bottle with distilled water and put the #13 stopper on the top (do not expect the stopper to
go in more than %”). Invert the bottle apparatus into the far left side of the model. Open
the outlet on the far right side of the model to empty into a discharge container. This will
create a flow from the left to the right of the model. You will have to periodically refill the
Nalgene botile with distilled water.

To represent wastes create a dye solution consisting of 2mL of food coloring added
to about 100mL of water. Because there are baffles in the septic tank it theoretically
would be able to handle solids. However, we do not recommend adding any solids to
your tank because it may permanently clog your outlet and leach field. In order to fix that
clog, the model would need to be emptied and refilled.

You may add wastes either by the inlet on the left side of the tank or by the manhole
located at the top of the tank. There is no need to fill it past the outlet hole on the right
side of the tank. You will need to periodically add more dye to the tank as it slowly travels
to the leach field located 4 inches to the right of the model.

You may demonstrate a variety of concepts using the Septic Tank Model. These
include things like the effect of pumping near a leach field, the effects of septic systems
on watersheds and lakes/streams, and the basic operations of a septic system. For
further instruction on how to show other watershed concepts please refer to chapter Il.

Cleanup and Storage

After the demonstration continue to run distilled water through the model with the
Nalgene bottle. Attach the small tubing to the end of your 30cc syringe and suction out
the remaining dye solution from the septic tank through the manhole. After you have
suction this out, fill the tank with distilled water and continue to do so until the tank is
entirely clean as well as the leach field. You will want to remove as much of the dye as
possible to prevent any staining of the plastic. You can also remove the dye using the
syringe on the pumping wells and piezometers adjacent to the dye.

When the model is entirely cleaned out, pump excess water from the pumping well
using your syringe. Keep the water table below the bottom of the lake, but above the
confining layer. If the confining layer dries out it may crack and no longer function as a
confining layer. Store the model with only distilled water, other water may have minerals
that build up and clog the particles in your model and cause staining.

Avoid removing the elbow joints each time you use the model. This will eventually
cause stripping of not only the elbow joints, but also the threads on the model itself.

For more questions refer to the problem and solution section in chapter II, or contact
the Groundwater Model Project at any time during business hours.
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IV. Concepts Demonstrated Using the Model -

These are examples of basic groundwater
concepts you can demonstrate using the model. You
will probably discover many others as you use the
model yourself.

1. Concept: Groundwater often comes from nearby sources.
Action: Fill the Nalgene bottle with water and invert it at the left end.

Discussion: People often erroneously believe that Wisconsin's groundwater
travels hundreds of miles underground, all the way from Lake Superior or Canada.
They may also believe that the water they drink has been underground for
thousands of years. In fact, groundwater drawn from shallow wells in Wisconsin
usually enters the ground within a few miles of the well, and has been in the
ground only a few years or tens of years.

2. Concept: Groundwater is contained underground in the spaces between
sand grains and other soil particles, or in cracks and fractures in rocks.

Action: Allow water to run through the model.

Discussion: Underground lakes and rivers rarely exist. Notice that the water
entering the model at the left side saturates the sand and gravel and exits at the
right, but there are no observable rivers or channels through which it flows.

3. Concept: Groundwater flows from upland areas to low areas, or from areas
of high hydraulic head to areas o flower hydraulic head.

Action: Allow water to run through the model. Add dye to the seven piezometers
(see diagram for help) until it moves out of the piezometers into the soil below.

Discussion: Water enters the groundwater system in areas called recharge
areas. It then flows “downhill” until it reaches an area where it can come to the
surface of the ground, called a discharge area. When the outlets to the model are
closed, there is no flow through it. When either of the outlets are open, water can
move through the model, because the elevation of the outlet is lower than the inlet
elevation. The dye that moves into the sand or gravel from the piezometers is
caries along by the moving water, helping you to see the path and direction of flow.
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4. Concept: Groundwater is withdrawn from the ground through wells for use in
our homes, farms and industries.

Action: Look at the two pumping wells (see diagram for help). Use a syringe to
pump water from the wells.

Discussion: Wells are drilled or driven into water-bearing underground zones
(aquifers). A screenis placed at the bottom of the well to keep soil from being
pumped out along with the water. (Bedrock wells do not always have screens).

A pump is used to withdraw water from the well. Municipal water systems usually
have one or more wells, a water tower or ground level reservoir for storage, and a
distribution system of underground pipes which carries water to the individual
homes.

5. Concept: Groundwater is related to surface water and to all other forms of
water found on earth through the hydrologic cycle.

Action: Close the lake outlet so that the lake fills with water. Open the outlet on
the right side.

Discussion: The hydrologic cycle describes the interrelationship of groundwater
with surface water, such as lakes and streams, and the water found in the
atmosphere, such as clouds, snow and rain. Groundwater often feeds lakes and
streams. The place where groundwater becomes surface water is a discharge
area. When groundwater simply bubbles up at the surface of the ground, that
discharge areas is called a spring. The lake in the model is an example of the
interrelationship of groundwater and surface water.

6. Concept: The underground units of soil and rock which can yield water to
wells are called aquifers. Aquifers are not always uniform either horizontally or
vertically. Aquifers may be separated by layers which do not hold or transmit
much water. These layers are called confining layer or aquitards.

Action: Look at the sand and gravel layers in the model.

Discussion: The white sand aquifer in the model has a layer of course gravel
included within it. Below the white sand layer is a layer of material containing clay.
This layer allows very little water to pass though it, so it acts as a confining layer.
Below the confining layer, there is a second aquifer of coarse gravel. There is
little interaction between these two aquifers. If you pump the well in the upper
aquifer, you will see that the piezometers in that aquifer show a drop in water
levels, while those in the lower aquifer show little response. Similarly, pumping the
well in the lower aquifer causes little response in the upper piezometers.




7. Concept: The soil and rock below the earth’s surface normally consists of
both a saturated and an unsaturated zone. The top of the saturated zone is

called the water table. A type of monitoring well called a piezometer can be
used to define the top of the saturated zone.

Action: Allow water to run through the model. Add dye to the seven piezometers.

Discussion: Notice that the end of the tube where water drips out of the bottle
(the inlet) is higher above the surface of the table than is the plastic elbow where
the water flows out of the model (the outlet). As water flows from the inlet to the
outlet, a slope is created on the water table.

Use a water soluble pen or wax pencil to connect the water levels in each of the
piezometers in the upper aquifer. You have now drawn in the water table. Note
that it slopes from the inlet downward toward the outlet.

If you wish, you may add a small block under the left end of the model. This will
cause the difference in height between the inlet and the outlet to increase, creating
a larger and more obvious slope on the water table. Other methods of changing
the slope of the water table include raising or lowering the inlet tube in the stopper,
or changing the extent to which the outlet elbow is opened.

The level of the dye in the piezometers defines the hydraulic head in the aquifer
that they penetrate. The piezometers in the sand aquifer nearest the water bottle
(B and C on the diagram) have higher dye levels than the piezometer D, located
near the lake, because they are closer to the recharge area.

8. Concept: Piezometers are usually installed by researchers studying
groundwater in an area. Since groundwater flows from high areas to low areas,
knowing the height of water in a number of piezometers (relative to mean sea
level) can allow you to map the direction of groundwater flow. Piezometers are
designed to be open only at a single point in the aquifer. They usually can have
water samples drawn from them. However, since they are not intended to be
permanent sources of water, they are often not as large or as durably
constructed as drinking water wells.

Action: Look at the piezometers and drinking water wells in the model.

Discussion: Piezometers are usually installed by researchers studying
groundwater in an area. Since groundwater flows from high areas to low areas,
knowing the height of water in a number of piezometers (relative to mean sea
level) can allow you to map the direction of groundwater flow. Piezometers are
designed to be open only at a single point in the aquifer. They usually can have
water samples drawn from them. However, since they are not intended to be
permanent sources of water, they are often not as large or as durably
constructed as drinking water wells.
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The construction of drinking water wells is normally regulated by state codes
which specify the depth required and the materials used in construction. They
must be carefully located away from sources of contamination, unlike
piezometers, which are often intended to collect contaminated water. Existing
drinking water wells can sometimes be used as monitoring wells by researchers if
exact details of their construction and depth are unknown.

9. Concept: Water in artesian aquifers is under pressure. This pressure causes

the water level in wells penetrating the artesian aquifer to rise above the top of
the aquifer.

Action: At this time, be sure that the small tapered tube is inserted in the artesian
wellin the lake (see diagram). Look at the dye levels in piezometers A and E.
Notice that the water level is above the top of the gravel aquifer which they
penetrate, and is also above the water levels in piezometers B, C and D.

Discussion: The artesian aquifer in the model is under pressure because the
confining layer of sandy clay above it significantly retards water movement
upward. Also, this aquifer has a recharge area on the left, but no obvious
discharge area. If the confining layer was totally impermeable, there would be no

_flow in the artesian aquifer at this time. However, in the model and in nature,
confining layers usually leak. The pressure in the aquifer allows water to move
upward through the confining layer. If dye is inserted into the artesian aquifer
through the injection well, this upward flow may be observed as dye streaks
upward in the sand above the confining layer after about 20 minutes.

10. Concept: The potentiometric surface is the level to which water will rise in a
well penetration a confined aquifer.

Action: Observe the water levels as defined by dye levels in the seven
piezometers.

Discussion: The white sand aquifer is an unconfined aquifer because it has no
confining layer above it. The level to which water rises in a well in an unconfined
aquifer is the water table. In the confined artesian gravel aquifer, the
potentiometric surface is above the top of the aquifer, and is actually above the
water table in the overlying unconfined aquifer.

11. Concept: When the potentiometric surface of an aquifer is above the
surface of the ground, a flowing well or spring may result.

Action: Look at the small tapered tube in the artesian outlet in the lake. Notice
that the water level in the tube is above the lake level. (Adding dye to the tube
may help you to see this well.) Now remove the tube and ciose the lake outlet.
Notice that as water flows from this opening, the lake level begins to rise. Also,
observe that there is a slight lowering of the water level in piezometer E, since the
opening of an outlet of the artesian aquifer reduces the hydraulic pressure caused

—_—

by the inlet elevation.




Discussion: There are several types of springs that occur in nature, but the
most common type of spring is a spot where the water table of an unconfined
aquifer intersects the land surface. Such springs often occur in the bottoms and
sides of lakes and rivers. Sometimes they appear at the surface of dry land and
become the headwaters of a stream. The spring in the model is the result of
penetration into and discharge from the artesian aquifer. Itis more correctly ' =
thought of as a flowing well.

People sometimes believe that springs have mysterious health- giving properties, .
and that any water coming from a spring must be pure. However, since the water
in springs is simply water that is moving through the hydraulic cycle, it can be
affected by any groundwater pollution source that contaminates the aquifer
supplying the spring.

12. Concept: The texture of the materials in an aquifer affects the rate of flow -
through the aquifer.

Action: Notice that the water feeding the model enters along the entire vertical o
channel at either end. Inject dye into the three injection wells at the left end of the '
model (see the diagram for help). Notice that the dye injected into the coarse
gravel wedge at the left of the model disperses much faster than the dye injected
into the white sand. The dye movement out of the gravel wedge will radiate our in
al directions.

Discussion: Both the coarse gravel wedge and the white sand aquifer are well- -
sorted, which means that the grains of gravel or sand are all roughly the same
size within each unit. Water can move through well-sorted gravel faster than well-
sorted sand because larger grain size leads to larger pore size, and larger pore
size leads to less surface area contact with the moving water. The smaller the
surface area the water contacts, the less frictional resistance there will be in the
moving water. The lower frictional resistance leads to a greater velocity of
groundwater flow. The gravel can then be said to have a higher intrinsic =
permeability, and as a result, a higher hydraulic conductivity. ‘

.1

Water flowing through an aquifer will take the path of least resistance. Since the ™
resistance to flow is lower, more of the water entering the model per unit area will 1
enter into the gravel wedge than into the sand layer around it. However, all this
water entering into the gravel must have a way to exit. A hydraulic pressure is
created which allows the water to exit even in an upward direction into the sand
above the gravel wedge. In other words, the unconfined sand aquifer becomes a
confining layer for the gravel wedge, creating artesian conditions in the gravel. In
this case down gradient is actually upward. The dye movement should illustrate
this.

3
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You will also notice that the dye spot injected into the injections well in the sand
aquifer moves more slowly than the dye spots that come from piezometers B and
C, indicating that less water pre unit area moves through this area of the model
because of preferential movement through the gravel.
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13. Concept: Water flows into rivers from many directions.

Action: Use a second bottle and stopper unit to add water at the right end of the
model. Turn the elbow at the right end of the model upward and the elbow in the
river downward. Be sure the piezometers are still filled with dye.

Discussion: Rivers are natural discharge areas for groundwater. In the model,
you will observe dye traces moving from al directions toward the river and then
entering into the river when the river outlet is open.

14. Concept: Pumping wells draws water toward them from all directions. The
water table gradually becomes lower around a well in an unconfined aquifer as
water is withdrawn from the ground. The unsaturated zone (the zone which has
been dewatered) around the well is called eh cone of depression or drawdown
cone.

Action: Use a syringe to withdraw water from well 2 (see diagram for help).
Observe that the dye level in piezometer D, and to a lesser extent the dye levels
in piezometers B and C, become lower as you pump well 2. Notice that dye
traces from above, below, to the right and to the left all move toward the bottom of
the pumping well.

Discussion: Pumping the well causes a zone around it to become unsaturated.
This unsaturated zone is called a cone of depression. The slope of the water
table from the water level in the pumping well to surrounding areas is much
greater than the normal slope of the water table, so water can move toward the
well much faster than it normally would. The cone of depression is three
dimensional, so water can be drawn toward the well from any direction, even the
direction that we would normally consider to be “downstream”. If you vary the
pumping rate on the syringe, you can observe changes in the size and shape of
the cone of depression by observing the changes in the water level in surrounding
piezometers and the change in the rate at which dye traces are drawn toward the
well.

The source of water drawn from pumping well 2 is basically gravity drainage of
water stored in the aquifer. However, the source of water drawn from pumping
well 1in the artesian aquifer is quite different. The artesian aquifer yields water
mainly because reduction in pressure in the aquifer as water is withdrawn leads to
expansion of the water in the aquifer and compaction and settling of the aquifer
materials. Cones of depression in confined aquifers are usually not as deep, but
are more areally extensive than those in unconfined aquifers.




15. Concept: Drawing water from a well can interfere with the ability of
neighboring wells to produce adequate water.

Action: Pump well 2 with the syringe at a very rapid rate.

Discussion: If well 2 is pumped rapidly enough, the water level in the aquifer will
drop below the level of piezometers C and D, so that these piezometers no longer
contain any water. A high-capacity well may be able to lower the water table
enough so that shallow wells nearby will fall within the cone of depression and will
produce little or no water while the high-capacity well is being pumped. This is
called well interference.

16. Concept: Human activities at or near the land surface can contaminate
groundwater.

Action: Pour dye into the “leaky lagoon” (see diagram for help) to a level above
the holes drilled in the sides of the lagoon. If the lagoon does not leak, help it by
inserting the tip of the syringe through the holes in the lageon into the gravel below.

Discussion: Dye should quickly move out of the lagoon through the surface
unsaturated zone to the water table. Observe that this “contamination” moves
downward in the saturated zone and discharges either at the lake outlet or the
outlet on the right side. The “leaky lagoon” can represent various sources of
groundwater contamination, such as landfills, septic systems or manure storage
areas.

17. Concept: Wells can be contaminated by human activities at or near the land
surface.

Action: Pump water from well 2 with a syringe after filling the leaky lagoon with
dye. Notice that well 2 draws water toward it from all directions. It draws the dye
traces from the leaky lagoon as well as those from the piezometers on either side.
If you have added red dye to the lagoon, observe that the water being pumped
from well 2 is also red.

Discussion: Since wells create a cone of depression around them as they draw
water, they can also draw contaminants toward them from any direction: above,
below, or even the area that would normally be considered “downstream.”

3 3 _ 3
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18. Concept: Wells that remove large amounts of water are called high capacity

wells. High capacity wells have the potential to reduce the amount of
groundwater discharge to lakes, streams, and wetlands.

Action: Insert a syringe tip into well 2. Connect the thin plastic tubing to the
syringe tip, and using a syringe, apply suction the end of the tubing not connected
to the groundwater model. Place the end of the plastic tubing in a bucket or other
water collection device and disconnect the syringe. You should have started a
siphon which will continuously pull water from the well. If the siphon does not
work, try again and make sure you keep the end of tubing below the water level in
the model.

S U B
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Discussion: The water level in the surrounding piezometers should have
dropped. If the lake outlet is closed you should notice a slight decrease in the

lake level. If the lake outlet is open you should notice a decrease in the amount of
water that is exiting the model.

Groundwater discharges to surface water bodies such as lakes, streams, and
wetlands. In fact, groundwater that discharges or supplies water to rivers and
streams is called baseflow and is the reason why rivers and streams have flowing
water even during periods when it is not raining. Pumping large amounts of water
from wells removes groundwater and has the potential to reduce streamflow, dry
up wetlands, and lower lake levels. Careful consideration should be given when
installing high capacity wells to ensure that there is minimal impact to surface
water ecosystems.

19. Concept: Pollutants travel with the groundwater, but they may travel at
different rates.

Action: Observe that the plumes of green dye which you have injected at various
points in the model have separated into blue and yellow areas.

Discussion: Groundwater can carry pollutants that it has picked up as it flows
through the system. However, some chemicals move faster than others in
groundwater. The soil particles that make up an aquifer may weakly adsorb
some chemicals, slowing their flow rate. Others are more soluble and move
through more rapidly. These soluble chemicals are good indicator chemicals to
test for in drinking water. They can tell us that a pathway exists between a
source of contamination and a drinking water well. Other chemicals associated
with that source may also move down that pathway, although perhaps not as
quickly or in as great a concentration.

20. Concept: Contaminated groundwater may pollute surface water.

Action: Notice that the water collecting in the lake is not clear. It has been
affected by the dye that has been injected at various points.

Discussion: Surface water bodies such as lakes and rivers have two major
sources of water: surface runoff from rainfall and snowmelt, and groundwater flow
called baseflow. Baseflow is the reason that streams flow even during dry spelis.
In addition, since the temperature of groundwater is about 50 degrees F year-
round, baseflow allows streams to flow in winter even when the ground is frozen.
Any contaminants in groundwater can then be discharged into surface water. In
many ways, surface water is better able to treat contaminants than groundwater
is. Natural processes such as sunlight, aeration, and turbulence break down
some pollutants. However, other poliutants from groundwater, such as nutrients,
can cause algae blooms, weed problems, and turbidity in surface waters.




21. Concept: Contaminated surface water can pollute groundwater. MT
Action: Pump well 2 steadily with a syringe until you see dye being drawn toward
it from the river. "7

Discussion: If the cone of depression created by pumping well 2 extends all the

way to the river, the river can actually recharge the groundwater. This occurs in 7
some municipal wells and irrigation wells located in sandy aquifers near river |
systems. The filtering action of the sand removes most microorganisms, but

chemical contamination can enter the aquifer in this way. -

22. Concept: Groundwater is recharged by precipitation and snowmelt.
Action: Use a sprinkling device to add water along the surface of the model.

Discussion: Recharge of the aquifer from above creates additional head that ™
pushes dye plumes near the surface deeper into the aquifer. The dye plumes
created by recharge of the model in this way are most representative of natural
conditions. Groundwater contaminants normally enter the system from the :
surface, not at discreet points deep within the aquifer as the injection through 7
piezometers might suggest.

23. Concept: Capillary action can cause upward movement of water and
contaminants above the surface of the water table.

-3

Action: Observe that most of the dye you have added to the leaky lagoon has
moved downward and to the right. However, some has moved upward into the
gravel layer, above the potentiometric surface.

1

Discussion: Capillarity is a phenomenon that explains the upward movement of
water above the surface of the water table. Water is attracted to and adheres to
surfaces of solid materials. In addition, cohesive forces (also called hydrogen
bonding) bind water molecules to each other. This allows water to move upward
in small pores above a saturated layer. The pore spaces in the sandy and
gravelly materials are small enough to act as capillary tubes. The smaller the size
of the pres, the higher the water will rise in them. Because soil pores are not
straight uniform openings, capillary rise in natural soils is less than in similar sized
glass tubes.
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24, Concept: Water quality can vary within an aquifer.

Action: Observe that dye spots, when they first enter the aquifer, occur only in a
narrow zone. As the dye plumes move down gradient, they become wider.

Discussion: Contaminants entering an aquifer often do so only at a point or in
narrow zone. The concentration of the contaminant may be quite high in that
small volume of water. Often the contaminant is concentrated near the top of the
water table. However, as groundwater continues to move, the zone of
contamination widens out.

Contaminant transport, or the movement of contaminants in the groundwater
system, is composed of a number of factors: Advection is the process by which
contaminants are transported by the motion of flowing groundwater. Dispersion is
the process by which contaminants follow a variety of distinct flow paths through
the porous medium (the aquifer) and become more mixed. Reactions may occur
which weakly adsorb contaminant, causing them to move at a slower rate than
the water in the aquifer. The net effect of these processes is dilution — as the
plume moves along and widens, a greater volume of water is mixed with the same
quantity of contaminants.

Itis also useful to note that if recharge were induced by sprinkling water over the
top of the entire model, the dye traces would angle downward and widen as they
moved across the model. This method of recharge would more closely simulate
natural conditions.

25. Concept: Confining layers that separate aquifers usually leak.

Action: Pump water from well 1 using a syringe. Notice that the water levels in
piezometers A and E, which extend into the artesian layer, drop rapidly. The
water levels in piezometers B, C, and D are relatively stable, since a confining
layer separates the two aquifers. However, also notice the dye begins to move
downward in the sand aquifer toward the confining layer.

Discussion: Most of the recharge in the gravel artesian aquifer occurs on the left
side. The gravel aquifer is able to yield large volumes of water and recharge itself
quite rapidly. However, when water is withdrawn from the artesian aquifer, a zone
of lower pressure is created which induces water movement downward through
the confining layer. Water moves through the confining layer very slowly,
carrying dye with it and showing that the confining layer is not the totally
impermeable barrier to flow that it might appear to be. In addition, most naturally
occurring confining layers vary in thickness and may be fractured or
discontinuous. The presence of a confining layer below is not always sufficient to
protect a valuable aquifer below from contamination if a large waste source is
placed above it.




26. Concept: Welis can cause groundwater poliution. "
Action: Inject dye into the seven piezometers or into the two pumping wells using
a syringe. Fill them until the solution reaches all the way to the bottom and begins '_’
to spill out below. j
Discussion: Wells with defects such as cracked or rusted casings or wells not i
properly sealed when they are to be permanently abandoned. Wells should never j
be used to dispose of unwanted materials. State and county governments have
codes regulating the proper construction, maintenance and abandonment of wells. -
|
27. Concept: Sources of groundwater contamination may be continuous or
intermittent. FT‘
Action: Observe that in operating the model, you need to add dye solutions to the
piezometers periodically if you want a continuous dye trace. A single addition of ™
dye at the beginning of the demonstration resuits in only a single spot of dye to |
follow.
=
Discussion: Some sources of contamination may occur as a single slug, such
as a spill. These will eventually move through and be flushed our of the
groundwater system. The time period required may be from days to years.
Other contamination source may input contaminants continuously, such as a m}
wastewater treatment lagoon, septic system, or landfill. As these are flushed our ;
of the groundwater system, additional contaminants from the source will move in
to replace them. ~
]
28. Concept: Once groundwater becomes contaminated, the contamination ~
may persist for long periods of time and over long distances. ;
Action: Observe that the dye is eventually flushed out of the model. ~
Discussion: Unlike our model, the environment is not easily able to eliminate j
pollutants. Contaminants in groundwater may move only a few feet each year,
meaning that they will remain in groundwater for many years. Eventually, the N
contaminants that are not chemically or biologically modified will reach a discharge |
zone. The contaminated groundwater that discharges into rivers, if not removed
by natural treatment processes, eventually makes its way to the ocean. ~
1‘
1
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29. Concept: Groundwater flow lines have curved paths.

Action: Observe dye traces that extend from the recharge area to the discharge

area. Notice that they travel in a nearly straight line across the model and then
curve upward at the discharge area.

Discussion: Recall that the force potential, or the driving energy behind
groundwater flow, is made up of two energy components: the pressure head and
the elevation head. Recall also that groundwater moves from areas total head to
areas of lower total head. At the recharge area of the model, the sum of the
energy forces causes water and dye to move in a downward direction. At the
discharge area, the pressure head and the total head become lower, since water
is being removed from the system at that point. Although water is moving “uphill”,
it is actually moving from an area of higher total head to an area of lower total
head.




V. Suggested Presentations Using the Model )

These are some suggestions fro how concepts can be
combined to make a unified presentation using a model. At
first, you may find it difficult to organize your presentation, =
so my suggestions will help you get started. Later, with ?
practice and familiarity with using the model, you will

discover your own “favorite presentation”, especially
tailored to the audience you are presenting the information m!
to. '

1. General information about Groundwater.

C1.  Groundwater often comes from nearby sources.

C2. Groundwater is contained in pore spaces and cracks.
C3.  Groundwater flows from high head to low head. ™
C4. Groundwater is part of the hydraulic cycle.

C22. Groundwater is recharged by precipitation.

C16. Human activities can contaminate groundwater. -
C17. Welis can be contaminated by human activities.
2. Water quality.

C24. Water quality can vary within an aquifer.

C27. Contamination may be continuous or intermittent.
C19. Pollutants travel with the groundwater. ™
C26. Wells can cause groundwater pollution. |
C20. Contaminated groundwater can pollute surface water.

C21. Contaminated surface water can pollute groundwater. ,T
3. Properties of aquifers.

C6.  Definition of aquifers. "
C7.  Definition of water table. !
C10. Definition of potentiometric surface.

C9.  Definition of artesian aquifers. "‘?
C11. Springs may originate in artesian aquifers. f
C25. Confining layers usually leak.

C12. Texture of the aquifer materials affects flow rate. .
C23. Capillary action may cause upward movement of water. j

-
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4. Characteristics of water wells.

C4.
Cs.

C10.
C11.
C14.
Ci5.
C17.

Groundwater can be withdrawn from wells.
Piezometers and drinking water wells may differ.
Definition of potentiometric surface.

Flowing wells may result from artesian aquifers.
Definition of cone of depression.

Wells may interfere with each other.

Wells can cause groundwater pollution.

5. Interrelationship of groundwater and surface water.

Cs.

C13.
C20.
C21.
C11.
C18.

Groundwater is part of the hydrologic cycle.

Water flows into rivers from many directions.
Contaminated groundwater can pollute surface water.
Contaminated surface water can pollute groundwater.
Springs may result from artesian aquifers.

High capacity wells can impact surface waters.




VI. Lesson: Using the Groundwater Model -

This lesson will help you teach some principles of
groundwater movement using the sand-tank groundwater
flow model. To present the lesson, use the materials in
regular type. |f you wish to present a more detailed, slightly
longer lesson, add the materials presented in italics.

Time for lesson: 20 minutes
Level: 7" grade — adult

Setup:

Materials needed: Groundwater model with its supports; length of tubing;
jars with large rubber stopper assemblies; small syringe with needle tip;
large syringe with blunt tip; water-erasable marker such as blue and green
food coloring (diluted 1/100); stack of plastic syringe tips; paper towels;
water cycle poster.

Preparation: 10 minutes or more before lesson is to begin

Set the model on its supports. Slip the end of the rubber tubing over the outlet elbow
located at the river. Turn the outlet down so water can flow out. Put the end of the tubing
into the plastic bucket. Locate the stack of plastic syringe tips and insert them into the
artesian well in the lake.

Fill a mason jar with water and set the stopper assembly squarely on top. The
stopper does not go into the jar. Don't force it! Put your index finger over the tube in the
top of the jar. Invert the jar over the plastic bucket to check for leaks. Then insert the
stopper tube into the channel at eh side of the model. Refill the jars as needed.

Insert the needle-tipped syringe into the diluted blue dye. Pull up on the plunger to fil
the syringe. Insert the syringe into one of the two piezometers that extend into the gravel
near the bottom (piezometers A and E). Push the plunger gently to inject the dye in.
Repeat with the other piezometer. Inject green dye into the 5 remaining piezometers in
the same way, until it spills out into the sand at the bottom.

3
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Teaching the Lesson:
What to say:

Groundwater is a very important resource to us in the state of Wisconsin. Seventy
percent of Wisconsin’s residents, and nearly all rural residents, depend on groundwater
for their drinking water. In fact, groundwater is so vital to us that it is sometimes called
“Wisconsin's buried treasure”.

Because we can’t normally see groundwater, it's natural for us to have misconceptions
about where it comes from. Many of us have been taught that our groundwater comes
from Lake Superior or Canada. But that's not true. Groundwater is a local resource that
comes to us from no more than a few miles away. Our actions are important in
determining whether our groundwater will be polluted or protected.

Now we’re going to look at a model that will help us to understand better just what
groundwater is, and how it can get polluted by some of our own actions.

What to say: What to do:
Groundwater has often been considered Show the water cycle poster. Point to the
a mystery. But it's no mystery to the parts as you describe them.

groundwater scientists. They tell us that
our groundwater is part of the water
cycle.

This poster helps us to understand the
water cycle, and how groundwater
relates to it, a little better. Since it’s a
cycle, you can start with the sun. The
sun is the energy source that runs the
cycle. It evaporates water from the land,
plants, and bodies of water, and takes it
up into the air eventually fall back to
earth as snow or rain. Some of the rains
runs off the land, back into lakes and
streams. Some evaportates again.
Some soaks in the ground and is used
by plants.




What to say:

Some water soaks far enough into the
ground to reach a saturated zone. In this
zone, all the cracks and spaces are
filled with water. Water in the saturated
zone is called groundwater.

Since groundwater is part of the
water cycle, it can't just sit
underground in a pool. It has to keep
moving. It moves from higher areas
of land where it can enter the ground
to lower areas, stuch as streams and
lakes, where it comes out of the
ground. Then it can be evaporated,
and the cycle can begin over again.
Now let’s take a closer look at our
groundwater model.

If we use our imagination a little, we can
see that the bottle of water could
represent snow or rain that falls on the
earth. Some of that precipitation soaks
into the ground to become groundwater.
We call areas where this occurs
recharge areas, because the
groundwater is being recharged, or
replenished.

We can also see that groundwater is
leaving the system, because our bucket
is filling with water. Groundwater comes
our of the ground into lakes, streams
and wetlands. Areas where it comes our

of the ground are called discharge areas.

So, groundwater is traveling in the sand
through the model. We can’t see the path
that the water takes. It doesn't move in
an observable river or channel.

What to do:

Point to the bottle of water.

Point to the outlet and the bucket. You may
wish to remove the tubing and let the water
splash a little.

Point to the sand on the left side of the model
where there is no dye.

3
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What to say:

Rather, it moves in between the
individual grains of sand. Groundwater is
contained in the sand, so the sand is
called an aquifer. The top of the
groundwater is called the water table.

Our model has a number of piezometers
(pea-ZOM-a-turs), which are a special
type of monitoring well that helps us see
where the water table is in our model. If
we connect the water levels in the
piezometers in the sand aquifer with the
water levels at the inlets and the water
levels of the lake, we can observe that
there is a slope to the water table.

Because of gravity, groundwater flows in
a downhill direction. More technically, we
call that downgradient. But it's important
for us to realize that just as rivers we see
on the land surface always flow in a
certain direction, groundwater also has a
direction as it travels. The dye that has
spilled out of the piezometers has been
carried across the model by the flowing
groundwater. That helps us to see the
water takes.

The dye can also represent pollution. We
can see that pollution that gets into the
aquifer at one point can travel to other
areas of the groundwater. The moving
water carries the poliutants with it.

Most of the time, poIIutionl doesn't start
our deep within the aquifer as we see with
the piezometers.

What to do:

Draw a smooth line with the transparency
marker that connects the water level at the
inlets with the water levels in the green-
dyed piezometers and the water level in the
lake. Don’t worry about trying to connect
the points exactly. Try to draw a fairly
smooth line without sudden jumps.

Point to the streaks of green dye that have
traveled from the piezometers toward the
right side of the model.




What to say:

This kind of pollution can happen, though,
if wastes are poured or allowed to run
down an abandoned well. Old abandoned
wells that we sometimes don’t think much
about are actually direct connections
from the surface to the groundwater.

Most groundwater pollution starts out at
or near the surface of the ground. Our
leaky lagoon alflows us to see what
happens to these types of contaminants.

Can you think of sources of
contamination which the leaky lagoon
could represent? (pause). It could be an
underground storage tank for gasoline or
fuel oil, a septic system, a manure pit or a
landfill. With a little imagination, it can also
represent a farm field or a lawn that had

too much fertilizer or pesticide applied to it.

The red dye that we put into the lagoon
quickly leaks out and contaminates the
groundwater. It moves in the same
direction that the groundwater moves,
and eventually contaminates the lake.
That helps us to recognize that just as we
learned earlier, a lake is a discharge area
for groundwater.

We usually don't realize that groundwater
is contaminated until we try to use it. We
have a well in the model that we can
pump on to show what happens when we
pump water from a well at our own home
or farm.

Notice that as we continue to pump on
the well, we draw many of the
contaminants in the aquifer toward it.

What to do:

Add red dye into the leaky lagoon. If it
doesn't leak, poke into the holes in the
lagoon with the needle-tipped syringe.

You may need to pause while the red dye
moves out.

Insert the blunt-tipped syringe into the
shallow pumping well opening. Pull up on
the plunger to withdraw water from the well.
You may wish to ask for a volunteer to
pump the well while you continue talking.

Show the dye in the syringe to the audience,
and then empty it into the bucket.
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What to say:

Pumping on the well creates a new
discharge area. We draw the water table
down around the well to create what's
called a cone of depression, or drawdown
cone. It's like when you put a straw into a
thick milkshake. When you suck on the
straw, a depression forms in the
milkshake around the straw. When you
stop sucking on the straw, the milkshake
flattens out again.

We can actually change the direction that
groundwater normally flows by pumping
on a well.

There is another pumping well in the
model. It is deeper, and it is protected by
the pollution above in the sand aquifer by
a layer of clay. Clay doesn't let water or
pollutants through very easily. That is
why clay liners are used for landfills.

So sometimes wells at different depths .

can have very different water quality.

If we pump on this well, we see that the
water we withdraw has some blue dye in
it from the dye we’ve put into the deep
piezometers, but it isn’t affected by the
pollution up above.

So, in summary, we've learned that
groundwater is a local resource that
comes from rain and snowmelt.

It moves underground, but not in an
underground river. It has a definite
direction that it moves.

It is affected by the activities that we do at
the surface of the earth.

What to do:

Point to dye in the sand that came from
piezometer D, but began moving backward
toward the shallow well when you began
pumping on it.

Point to the deeper pumping well in the
model.

Pump on the deeper pumping well using
the syringe.




What to say:

We use wells to withdraw water from the
ground to use as drinking water. If there
are pollution sources nearby,

This water may become contaminated.

Cleanup:

Put masking tape over the piezometers and use the needle-tipped syringe to
withdraw as much dye as possible. Be sure to remove the tape when you are finished.
Use the pumping wells to withdraw dye, too. Run several bottles of clean water through
the model. The model should look fairly clean using this procedure, but some staining,
especially in the piezometers, in inevitable. If the model seems badly stained and doesn't
want to clean up, refer to the manual for more detailed cleanup directions.
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Products and Accessories .

Description Price

[Model Stand $15.00]
[Groundwater Video $5.00]
#13 Rubber Stopper with hole and tube $10.00|
30cc Syringe with tip $1.00|
10cc Syringe with tip $1.00]
Spare tips (package of 5) $1.00
Whirl Packet w/ 2 syringes, 2 elbow joints,

4 syringe tips and 3 ft. tubing $5.00J
3 ft. piece of tubing $1.00|
Extra Manual $2.50|
5 Elbow Joints w/ tubing $2.50
Package of stickers w/ metal plate $2.00
{Plastic Nalgene Bottle $10.00
[Carrying Case $120.00
Groundwater Flow Model $360.00
Rain Simulator $62.00
Septic Tank Model $420.00}
Shipping (for models) $20.00]
Rush Order (for each rushed item) $20.00

— ~Contact and Qrdering Information

http://www.uwsp.edu/stuorg/awra/h2omodel.html

Groundwater Model Project
College of Natural Resources, UWSP
Stevens Point, Wl 54481

Phone: 715-346-4613
Fax: 715-346-3624
Email: gwmproj@ uwsp.edu




Appendix B
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Units of Measure: Hydraulic Head and Force Potential

Energy per unit weight = total head (meters)

Energy = Joules = Newtons x meters = kg x m2
sZ

Weight = Newtons = mass x gravity = kg x m
52

Gravity = meters/seconds/second =m/s2

' kg x m?
Total Head h = s2 =kgxm? x s = m
kgs); m s2 kgx m

Energy per unit mass of water = force potential (m2/ s?)

=joules/kg = kgxm? = kgxm? x | = m2
s2 s2 kg s2
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Appendix C

Wooden Box for Storage of Groundwater Model

WOODEN BOX FOR STORAGE OF GROUNDWATER MODEL

Suppert F

SMP oo 4'* E

Gerownd soFer Model in P(au

A=B
c+D

...Or purchase the box from us (ordering information is in appendix B) for
$120.00 plus $20.00 s&h.




gy

Wisconsin Model Academic Standards’

Appendix D
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Overview:

standards that would apply to the classroom use of the groundwater flow model. Although

Below, the Groundwater Model Project has included a list of the Wisconsin state

the codes applied to the standards may differ from state to state, you may find the list
useful in organizing your own lesson plan.

List of Standards:

A.8.6
B.8.3

B.8.6

c.8.1

H.8.3

A.8.1

A.8.3

A.8.4
A.B.5

A.8.6

B.8.5

B.8.17
B.8.18
B.8.21

Science

Use models and explanations to predict actions and events in the natural world
Explain how the general rules of science apply to the development and use of
evidence in science investigations, model-making, and applications

Explain the ways in which scientific knowledge is useful and also limited when
applied to social issues

Identify questions they can investigate using resources and equipment they have
available

Understand the consequences of decisions affecting personal health and safety

Environmental Education

Identify environmental issue questions that can be investigated using
resources and equipment available

Use techniques such as modeling and simulating to organize the information
gathered in their investigations

Use critical thinking strategies to interpret and analyze gathered information
Use the results of their investigations to develop answers, draw conclusions, and
revise their personal understanding

Communicate the results of investigation by using a variety of media and
logically defend their answers

Give examples of human impact on various ecosystems

Explain how human resource use can impact the environment

Identify major air, water, or land pollutants and their sources

Identify and analyze individual, local, regional, national, and global effects of
poliution on plant, animal, and human health
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Adhesion

Aquifer

Artesian Aquifer

Baseflow

Capillarity

Cohesion

Cone of Depression

Confined Aquifer

Confining Layer

Dilution

Discharge

Dispersion

Drawdown

Elevation Head

Glossary

The attraction of water molecules to solid surfaces.

An underground unit of saturated soil or rock that can transmit
significant quantities of water

See confined aquifer.

The component of flow in streams that comes from groundwater
discharge.

The phenomenon by which water rises in small pores into the
unsaturated zone above the water table, because of adhesive and
cohesive forces.

The attraction of water molecules to each other because of hydrogen
bonding. Also known as surface tension.

The zone around a well in an unconfined aquifer that is normally
saturated but becomes unsaturated when the well is pumped and the
water table is drawn down.

An aquifer that is bounded above and below by confining layers that
transmit water significantly slower than the aquifer. The water levelin a
well tapping a confined aquifer will rise above the top of the aquifer
because the confined aquifer is under pressure. Also called artesian
aquifer.

A layer of lower permeability material that overlies an aquifer and
impedes water movement. Sometimes called an aquitard.

A greater volume of groundwater being mixed with the same amount of
contaminant.

Groundwater that supplies water to lakes, rivers or wetlands and the
removal of groundwater by pumping a well, or by leakage to another
aquifer.

Contaminants in water become less concentrated as the water
carrying the contaminant flows through the aquifer. Dispersion has two
components: mechanical mixing and diffusion.

A lowering of the water table in an unconfined aquifer or the

potentiometric surface in a confined aquifer caused by pumping of a
well.

Water returned to the atmosphere by evaporation from land and water,
and by transpiration of living plants
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Evaporation

Evapotranspiration

Groundwater

Heat of Fusion

Heat of Vaporization

Heat of Conductivity

Hydraulic Head

Hydrogen Bonding

Hydrologic Cycle

Indicator

Permeability

Piezometer

Porosity

Potentiometric
Surface

Glossary

The difference in elevation between the recharge area and the
discharge area.

The process by which water is changed from a liquid or solid to a
vapor at a temperature below the bailing point.

Water contained in saturated soil and rock materials below the surface
of the ground.

The energy given off as water changes forms from a liquid to a solid.
The energy consumed as water changes forms from a liquid to a gas.

The rate of flow of groundwater in gallons per day conductivity through
a cross-section of one square foot under a unit hydraulic gradient at
eh prevailing temperature. Hydraulic conductivity is related both to the
type of earth materials and the water present in an aquifer.

The energy that causes groundwater to flow. It is the sum of the
gravitational energy and the pressure energy.

The cohesive force caused by the polar nature of water, in which the
oxygen atom in one water molecule is attracted to the hydrogen atom
of another water molecule. This bonding causes water to have many
of its unique properties.

The circulation of water from the land and bodies of water to the
atmosphere and back again.

A chemical or biological parameter that can be used to indicate the
possible presence of other contaminants.

The capacity of rock or unconsolidated material to transmit a liquid,
which is primarily a function of the sizes of the interconnected pores
and the shapes of the openings.

A well installed to monitor hydraulic head or to monitor groundwater
quality.

The ratio of the volume of void spaces in a rock or sediment to the
total volume of the rock or sediment.

The level to which the water rises in a well drilled into a confined
aquifer.
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Pressure

Recharge

Saturated Zone

Specific Heat

Spring
Texture
Unconfined Aquifer

Unsaturated Zone

Water Table

Glossary

The energy given to groundwater by the weight of energy overlying
water and earth materials.

The addition of water to the groundwater through the infiltration of
precipitation through the unsaturated zone into the aquifer.
The part of a water-bearing formation in which all the void spaces are

filled with water.

The amount of heat, measured in calories, required to raise one gram
of a substance by one degree Celsius.

A natural discharge of groundwater at the land surface.

The percentage of silt, sand and clay materials making up a soil.
An aquifer which has no confining layers above it, so that the water
table is exposed to atmospheric pressure and forms the upper
boundary of the aquifer.

The zone between the land surface and the water table, in which some
of the pore spaces are filled with air and some are filled with water.

The level below which the soil or rock is saturated with water. The
upper surface of the saturated zone in an unconfined aquifer.
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Textbooks:
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Basic Ground-water Hydrology. R.C. Heath. United States Geological Survey Water-
Supply Paper 2220. USGS. Alexandria, VA, 1983.

University of Wisconsin Extension Bulletins:
Available through County Extension offices or
Ag Bulletin Building
30 N. Murray Street
Madison, WI 53715

G3054 Nitrate in Wisconsin's Groundwater-Sources and Concerns. 1986.

G3213 Pesticides in Groundwater. 1983.

G3217 Nitrate, Groundwater, and Livestock Health. 1983.

G3218 Aldicarb and Wisconsin's Groundwater. 1983.

(G3335 Land Use and Groundwater Quality in the Central Wisconsin Sand and Gravel
Aquifer. 1985.

(G3338 How Drinking Water Standards are Established. 1985.

G3339 Drinking Water Contamination: Understanding the Risks. 1985.

G3378 Improving Your Drinking Water Quality. 1986.

(G3399 Maintaining Your Home Well Water System. 1987.

Available through:
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1450 Linden Drive, 216 Ag Hall
Madison, Wi 53706

How to Develop Extension Education on Groundwater: A Guide to Agent Programming.**

3}

R |

~




T3 73 3

3

Wisconsin Department of Natural Resources publications:
Available through:
WDNR
Box 7921
Madison, WI 53707

Groundwater — Protecting Wisconsin's Buried Treasure
Groundwater Study Guide**

You and Your Well

Bacteriological Contamination of Drinking Water
Nitrate in Drinking Water

Pesticides in Drinking Water

Radium in Drinking Water

iron Bacteria Problems in Wells

Sulfur Bacteria Problems in Wells

Answers to Your Questions about Groundwater
Private Well Construction in Granite Formations
Maintaining Your Septic System

Lead in Drinking Water

Well Abandonment

Hazardous Waste in Your Home

Recycling Study Guide

Volatile Organic Compounds in Drinking Water
Arsenic in Drinking Water

Tests for Drinking Water from Private Wells

**good sources of additional references on written and audio-visual materials available.




GROUNDWATER MODEL PROJECT

A PROJECT OF THE UW-STEVENS POINT STUDENT CHAPTER
OF AWRA '

Groundwater Model Project
College of Natural Resources
UW-Stevens Point
Stevens Point, W1 54481
Phone: 715-346-4613
Fax: 715-346-3624
gwmproj@uwsp.edu
http://www.uwsg.edu/sruorg[awra/hZomodcl.html

References for the Groundwater Model Project Manual

The following figures should be referenced:

Figure 1. www.advancedh20.com

Figure 2: www.epa.gov

Figure 4: www.biology.arizona.edu/

Figure 5: www.plp.co.uk

Figure 6: www charlottecountyfl.com/

Figure 7: www.tribuneindia.com/

Figure 8: www noble.org/

Figure labels are in order of appearance in the manual. If you have any questions
regarding the figures please contact us (information above).





