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Models for use with At–Risk Students
An Overview


The six models included in the package referred to as Basic Models for At–
Risk Students  cover a variety of topics that are either difficult for many
students to grasp, or are not usually taught to students identified as At–Risk.
However, they are not designed exclusively for use with identified At–Risk
students.  They are also useful in introducing the topics to any group of
students.  For example, the Bathtub model has been used with 10th –12th
graders in remedial physical science classes as a way of finally developing the
concept of slope.  The same model was used (almost exactly the same way) i n
an accelerated Junior High Algebra class.  It has also been used in Social
Studies classes to build an understanding of the interpretation of graphs.


The models are accompanied by student work packets, which allow them to
be done independently by individual students or by small groups of students.
However, at least two of the Models, Bathtub and Changing Slope, should
probably be done in large groups with discussion of the questions as a class,
rather than individually.  That allows the concepts to be developed and
refined collectively.  Similar approaches have also been proven successful
with the other models.


These models are the initial models of their type.  Other models will be
developed during the third year of the grant.  These should be available after
January 15, 1996.  If you have suggestions for models, please contact:


Ron Zaraza
CC–STADUS
Wilson High School
1151 SW Vermont
Portland OR 97219


SPECIAL NOTE:
All of the At–Risk models have been done using the Authoring version of
STELLA II version 3.05.  They have been saved in the “restricted use” format.
This means that they can be run, and sliders used, but changes to the basic
model cannot be made.  To be able to make changes, you must change to full
authoring capability.  You can do this through the Author Prefs . . .  selection
under the File menu.  The password that will allow you to make these
changes is Lemmings.
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Basic Coordinate Graphing
© Ron Zaraza — CC–STADUS 1994


To begin this activity, open up the STELLA model Graphing Practice – Simple.  After a
short period of time, the computer screen should look like the picture below.  That will
be the screen you will be working with.  Before you actually begin the activity, you
must make one change to the screen.  In the lower–left corner of the screen is a picture
of a running person.  Using the mouse, move the arrow cursor over the person, then
click the mouse button once.  The screen should now look like the image on the next
page.  Before you can use this model to help you learn how to graph coordinate pairs,
you must learn how to control the computer software itself.  There are only a few
simple controls you will need to master.
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Model Controls
This box contains three controls you will use whenever you run a model.  As you have
already seen, clicking on the picture of a running person adds this control box to the
model.  Its controls are just like those on a cassette recorder or on a CD player.  They are
even called “buttons”.


RUN


PAUSE


STOP


RUN   —  starts the model.
PAUSE — stops the model, but allows you to restart it.  To restart it, simply hit the run


“button“ again.  The model will continue running from where it was paused.
STOP   — brings the model to a stop.  Hitting the run “button” will restart the model


from the beginning.


Control Box
In every model you will be controlling different parts of the model.  In some, you will
be able to change all parts of the model.  In others, you will be able to only change a few
parts.  You change these parts through the Control Box.


SLIDER


DIRECT 
INPUT


RESTORE


SLIDER — This control acts like a slide volume control on a stereo or a graphic
equalizer.  It changes the size of a variable used in the model.  In this model, it
can only change the value of the y–component  to values like -1, 2, or 4.  The
number that is set by the slider appears in the Direct Input  box.


DIRECT INPUT  — Sometimes you want to change a part of the model to a number
that is not a whole number.  To do that, move the cursor into the box labeled
Direct Input .  Hold the mouse button down and drag the cursor across the box.
It should darken.  That means you have selected it.  Now you can type in a new
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value, like 4.625.  Use the Direct Input anytime you want to use a number that
is not a whole number.


RESTORE — This button will change the value of the variable back to the value it had
when you started the model the first time.


Scroll Bars
The computer screen is only able to show you a part of the complete model at one time.
To move around and see the rest of the model, you use the scroll bars.  The vertical
scroll bar is on the far right of the model.  It moves the model up and down on the
screen.  If you look carefully at the vertical scroll bar, you will see a little rectangle that
looks a little like an elevator.  You can move the model up and down by moving the
arrow cursor over the rectangular box, holding down the mouse button, and dragging
the box up or down.   That is the quickest way to move a long distance on the model.
To move more slowly, or a short distance, move the cursor over the arrows at the top
and bottom of the scroll bar and hold the mouse button down.  The horizontal scroll bar
moves the model from side to side on the screen.  Try both to get used to moving the
model around.


Data Table
The data table contains the results of running the model.  Notice that there are scroll
bars in the Data Table.  These scroll bars are used if the Data Table is too big for the
display size chosen.  When you run the model, you will find that all the values in the
data table will not fit on the screen at one time.  You will have to use the scroll bar to get
all the data you will need to make your graphs.


Now that you know how to use the STELLA model, you should be ready to move on
and use the model to practice graphing.
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GRAPHING ORDERED PAIRS
Some patterns that we want to graph have too many pairs of numbers to use a bar
graph.  There would simply be too many bars.  For such patterns we use coordinate
graphs.  Look at the data table and graph below.  The data represents the speed of a
bicyclist in meters/second as she coasts down a hill, then rides up the next hill.  Notice
that the graph consists of two number lines at right angles to each other.  The horizontal
axis represents time in minutes.  The vertical axis represents speed.
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Each entry in the data table has two numbers.  This pair of numbers is called an ordered
pair.  The numbers go together.  The coordinate graph shows all the ordered pairs of
numbers as points.  As speed rises, so do the points.


When an ordered pair of numbers are graphed on a coordinate graph, the numbers are
put in parentheses with a comma between the two numbers.  For example, after 3
minutes, the bicyclists is going 6 meters/second.  The point that represents it on the
graph is (3,6).


The symbol (a, b) is the general way we write ordered pairs.  This is called coordinate
notation ..  a is called the first coordinate of the ordered pair.  It is found on the
horizontal axis.  b is called the second coordinate.  It is found on the vertical axis.  Look
at the data table for the bicyclist and see where each ordered pair is located.  Remember
that the first coordinate is always found on the horizontal axis, the second coordinate is
found on the vertical axis.
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When variables are used for the coordinates, it is customary to let x stand for the first
coordinate and y stand for the second coordinate.  As a result, the first coordinate of a
point is usually called the x–coordinate.   The second coordinate is called the y –
coordinate .  The horizontal axis is then called the x–axis, the vertical axis is called the y–
axis.


Now look at the coordinate graph shown below.  The point labeled A would be labeled
(2, 1) in coordinate notation.


Write the coordinate notation for point B.  _____


Now you are ready to practice making coordinate graphs using the STELLA model.
Press the run button.  In a few seconds, the computer will generate a data table.  Label
the first graph #1 on the graph sheets you have been given.  Then graph the data.
Connect the points with a line.  Using the vertical scroll bar, scroll down and compare
your graph with the computer’s.


You made this first graph without changing anything in the model.  You have two
control boxes that you can change.  The top box is labeled multiplier.  It controls how
rapidly the y–coordinate changes.  The lower box, labeled y-coordinate , sets the value
of the y–coordinate when the x–coordinate is –8.


Leave the y–coordinate  alone.  Set the multiplier  to –1 and run the model again.  Label
the second graph #2, then graph the data and draw a line through the points.  Again,
compare your graph with the computer’s.


Repeat this for the following values of the multiplier and y–coordinate.


#3 multiplier  =  .5 y–coordinate  =  –5


#4 multiplier  =  1.5 y–coordinate  =  –10


#5 multiplier  =  –2 y–coordinate  =  18


#6 multiplier  =  –.5 y–coordinate  =  0
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#7 multiplier  =  2.5 y–coordinate  =  –20


#8 multiplier  =  –1.5 y–coordinate  =  5


Though these graphs are all different, they do have at least one thing in common.  See if
you can figure out what it is?  If you made the graphs correctly, they should all be
straight lines.  Coordinate graphs that are straight lines are called Linear .  The ordered
pairs that make those graphs can be found by a simple rule: the second coordinate can
always be found by multiplying the first coordinate by a constant number.  Sometimes
another number is added to that product.  For Example, in graph 6, the first coordinate
is always multiplied by .5.  In the fifth graph, the first coordinate is multiplied by –2,
then 2 is added to the result.


These graphs are called a Linear Graphs.  Many things around us can be described by
linear graphs.  The speed of a ball dropped off a tall building would make a linear
graph.  So would the amount of money saved by someone who put $5 in an envelope
every week.
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The model in this packet is done in STELLA II Version 3.05.


All Documentation is done using Word 5.1a.  Most text is Palatino.


Permission is given to make as many copies of both the model and documentation as 
desired provided that:
		          It is being used for non-commercial purposes
	            The cover page is included to give credit to the CC-STADUS participants
                  who developed the materials.


- 1 -
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The Bathtub:
Adventures in Linear Graphs
© Ron Zaraza, 1994 — CC-STADUS Grant


Physics, Chemistry, Biology, Economics, Business, History, Ecology, Geology – they’re
all full of situations and relationships that can be shown using linear graphs.  But one
way to learn more about linear graphs and the language we use to describe them is to
look at something simpler and closer to home: the bathtub.  When we add water to a
bathtub, the water level or the volume of water in the tub often can be represented by a
linear graph.  If the drain is closed, the volume of water is controlled by the faucet.  The
more you open it, the faster the tub will fill.  The rate of flow of water into the tub is a
constant controlled by how far the faucet is opened.  The rate of flow out of the tub is
controlled by the drain.  In this activity, you will be working with a computer model of
a faucet–bathtub–drain system.


Open up the model Bathtub .  Once the model opens, click on the picture of the running
person in the lower left corner.  The computer screen should look like the picture below.


Notice that you have separate controls for the faucet, the drain, and the Bathtub.  The
Bathtub control sets the starting level of the bathtub.  Right now, the tub is starting out
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empty, the drain is closed, and the faucet is set for a flow of 4 gallons of water per
minute.  Notice that the graph already has a line on it.  The tub can hold 80 gallons of
water.  Any more water will flow over the top.  The graph is drawn so you can tell if
you are overfilling the tub.  Run the model as it is set up.  Copy the graph on the blank
graph below.


Describe the graph.  Is it linear?


Does the tub fill up?  If so, how long did it take?


Leave the drain closed (= 0).  Change the setting on the faucet to 2 gallons per minute.
Run the model with these new settings.  Copy it on the next page.


Describe the graph.  Is it linear?


Does the tub fill up?  If so, how long did it take?
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How is this graph different from the first graph?


Now try setting the flow of the faucet to 8 gallons per minute.  Run the model again and
copy it below.
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Describe the graph.  Is it linear?


Does the tub fill up?  If so, how long did it take?


What is the difference between this graph and the first two?


All three of the graphs are linear.  In all three model runs you are adding water to the
bathtub.  The tub is filling up.  The amount of water in the tub is increasing.  That is
clearly shown by the graphs.  It is also clear that the last model run filled up the tub
fastest.  The second run never did fill it up.  The third graph is the steepest graph, the
second is least steep.


When we describe any type of graph, we often talk about the slope   of a graph.  There
are very precise mathematical definitions of the slope of a graph.  For right now, a
simple, conceptual definition will work.  The slope is a measure of how steep a graph is.
Not just a linear graph.  Any kind of graph.  The steeper the graph, the greater the
slope.  Another way of looking at the slope is:  The greater the slope, the faster the
second coordinate (the  y–coordinate) changes.


Armed with these two definitions, which faucet setting gave the greatest slope?


Which  gave the least slope?


Suggest a faucet flow rate that would give a still greater slope.  Try it.


Propose a flow rate that will give a still smaller slope.


What flow rate would fill the tub in 16 minutes?  Try it and draw the graph on the next
page.
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Now, let’s make some major changes to the model.  Turn off the faucet (= 0).  Set the
starting level of the tub to 40 gallons (half-filled).  Open the drain halfway (= 2).  Now
run the model and draw the graph below.


Is the graph linear?
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How is it different from the earlier graphs?


Try another run.  This time, set the drain to a flow of 4.  Draw the graph below.


This graph and the graph before it have something in common.  What is it?


What can you say about the slope of these last two graphs?  What is the same, what is
different?


Now try a drain flow rate of 1.  Run and graph it on the next page.


How does this new graph compare to the last two?


What would you say about the slope of the newest graph?
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Your definition of the slope has to be modified a little.  The last three graphs didn’t go
up.  They went down.  The amount of water in the tub decreased.  The drain flow of 4
gave the steepest decrease.  The flow of 1 was the least steep.


How can we describe the difference in the slope for a graph  that increases and a graph
that decreases?  If a graph increases (goes up), we say it has a positive slope.  All the
graphs made with the drain closed had a positive slope.  The size of the slopes were
different (more or less steep), but the in all cases the graph went up.


When a graph goes down, the second coordinate decreases.  That kind of graph has a
negative slope.  The last three graphs all had negative slopes.  Comparing different
negative slopes can be more confusing than positive slopes.  For right now, it may be
best to use the same words to describe both.  We will only talk about the steepness  of
the slope.  The faster the graph goes down or up, the steeper it is.


Now, make and draw the following three graphs.  Then answer the questions at the
end.
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#1. Faucet = 7   Bathtub = 10   Drain = 3


#2. Faucet = 2   Bathtub = 70   Drain = 4
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Chose your own values:


#3. Faucet = ____   Bathtub = ____   Drain = ____


Which runs had positive slopes?


Which runs had negative slopes?


Which run had the steepest slope?


Which run had the least steep slope?


Did any runs fill the tub?  Which ones?


Did any runs empty the tubs?  Which ones?
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Name______________________________
CLASS_____________________________
PERIOD____________________________


Changing Slopes
©Ron Zaraza, 1994 — CC–STADUS Grant


Understanding the basic idea of slope tells us a lot about many different things.  For
example, the slope of a distance vs time graph (distance = y–coordinate, time = x–
coordinate) tells us how the position of an object changes over a period of time.  The
slope is actually equal to the speed of the object whose position is being measured.  The
slope of a temperature vs time graph tells us how quickly the temperature is changing.


In general, the slope of a graph tells us how quickly the y–coordinate is changing
compared to the x–coordinate.  In this activity you'll become familiar with the
terminology used to describe slopes and how then change.  Begin by opening the model
Changing Slopes .  Then click on the picture of the running person in the lower left–
hand corner of the model.  You should see a screen like the one pictured below.
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This is the model you will use in exploring changes in slopes.  The graph is a graph of
distance vs time for an object.  This object could be anything – a thrown ball, a running
person, a moving car.  You will be able to change three characteristics of the object.  The
bottom control box allows you to change the starting position or distance of the object.
As the model is set up, you will start the object at a position of 100 meters.  You can also
change the velocity and the acceleration of the object.  As the model is set up right now,
both are zero.


Predict what the graph of this model should look like if you run it now.


Now run the model and graph it below.


Was your prediction correct?


How would you describe the slope of this graph?


Leave the distance the same, but change the velocity to 3.  Run the model again.  Graph
it on the next page.


Describe what the slope of this graph is like.
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What does it have in common with the previous graph?


What is different from the previous graph?


Now change the velocity to –10, run, and draw the graph on the following page.


How would you describe the slope of this graph.


Compare it to the two previous graphs.
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All three of the graphs have something in common.  They are all straight lines.
Anytime a graph is a straight line, that means it has a constant slope.  So all three
graphs have a constant slope.  The first graph is a horizontal, or level line.  Any graph
that is horizontal has a zero slope.   The second graph angles upward.  Any graph that
angles upward (increases) has a positive slope.   The steeper the slope, the greater the
change in the y-coordinate.  The third graph angles downward.  Any graph that angles
downward has a negative slope.   Again, the steeper the slope the greater the change.


Putting it all together, the first graph has a constant zero slope, the second graph has a
constant positive slope, and the third graph has a constant negative slope.


Now let’s look at a situation with graphs that are not straight lines.  Set the distance to
zero, the velocity to zero, and the acceleration to 3.  Run the model and draw the graph
on the next page.


Describe the shape of the graph.


Describe what happens to the slope of this graph.
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Now try another graph.  This time, set the velocity to –12, the distance to 0, and the
acceleration to 4.  Run the model and draw the graph below.


Describe the shape of the graph.
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Describe what happens to the slope of this graph.


Both of these graphs curve upward.  One starts level, then curves upward.  It starts with
a zero slope which gets more and more positive.  The second graph starts with a
negative slope which gets less negative, then becomes more and more positive.  Any
graph that curves upward is said to have an positive change in slope.   So both of these
curves have a positive changes in slope.


Try a few more graphs.  Set the position to 150, the velocity to 0, and the acceleration to
–7.  Run the model and graph it below.


Describe the shape of the graph.


Describe what happens to the slope of this graph.
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Try setting the position to 0, the velocity to 7, and the acceleration to –2.  Run the model
and draw it below.


Describe the shape of the graph.


Describe what happens to the slope of this graph.


Both of these graphs curve downward.  One starts level, then curves downward.  It
begins with a zero slope which gets more and more negative.  The second graph starts
with a positive slope which gets less positive, then becomes more and more negative.
Any graph that curves downward is said to have an negative change in slope.  So both
of these curves have a negative changes in slope.


Run the model with the follow sets of starting values.  After drawing the graph of each,
tell what kind of change in slope each has.
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#1.  Distance = –100 Velocity = –5 Acceleration = 4


#.  Distance = 100 Velocity = –2 Acceleration = –3
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#3.  Distance = –100 Velocity = 10 Acceleration = 5


#4.  Distance = 0 Velocity = 20 Acceleration = –4
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NAME________________________


Parabolic Graphs
© Ron Zaraza — CC–STADUS 1994


Not all relationships that we see in the real world produce ordered pairs that fit a linear
graph.  Some are much more complicated.  In this activity you will get some experience
graphing data that makes a parabolic graph.  This type of graph can be used to describe
the path of a ball thrown up into the air.  If you let time be the first coordinate, and
height above the ground the second, the graph will be a parabola.  Throw the ball with
different speeds or with different angles and you get a different shaped parabola.


To begin, open the STELLA model Parabolic Graphs.  The model is pictured below:


Notice that this screen is a little different than the one you saw when you were working
with linear graphs.  There is only one Control Box, constant .  No, you are not going to
be told what it does.  Part of this activity, besides the graphing practice, will be figuring
out what the constant does.  So, let’s begin.  Click on the picture of the running person
to get the Model Controls on the screen.  Then run the model.  Use the data produced to
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draw a graph below.  Then, scroll down to compare your graph with the one made by
the computer.


1 2 3 4 5 6–1–2–3–4–5–6


50


100


150


200


–50


–100


–150


–200


Did your graph and the computer’s graph match?


If not, what was different?


Describe the shape of the graph.  Give as much detail as possible.


Change the constant to 8.  Run the model.  Draw the graph and compare it to the
computer’s.
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1 2 3 4 5 6–1–2–3–4–5–6
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How is this graph different from your first one?  Be as specific as you can.


Next, try a constant of 1.  Graph it and compare it to the computer’s graph and to the
previous graphs.
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Finally, try a constant of 5.  Graph and compare.
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You have drawn four different parabolic graphs, each different.  Yet they have some
things in common.  List the things that are the same in each graph.


What is the most obvious difference in the four graphs?


Look at the four graphs.  Write the constant used in each run next to the graph.  Do you
see a pattern?  Is there a connection between the shape of the graph and the size of the
constant?  What is the connection?
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Now try a negative value for the constant.  Try –4.  Run the model.  Draw the graph
below.
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What is different about this graph?


Try another negative value for the constant.  Use –1.  Run it, then graph the data.
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Is this graph more like the last one, or the first four?
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Finally, try a constant of –8.  Run the model, draw the graph, and compare.


1 2 3 4 5 6–1–2–3–4–5–6
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Look carefully at your seven graphs.  They are all parabolas.  However, they are also
very different from each other.  Try to answer these questions:


What effect does the size of the constant have on the shape of the parabola?


What effect does the sign of the constant (positive or negative) have on the shape of the
parabola?
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CC–STADUS Population Growth Additional Pages


Name______________________________


Deer Population


List your change here.  Then, try it.  Graph the results below.


What happens to the deer population?


What happens to the food supply?


Explain, as best you can, why the events occurred.


Were you successful in not wiping out the deer or the food?  If not, try to explain why
not?  If you were successful, explain why.
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Name______________________________


Population Growth
and Renewable Resources


© Ron Zaraza — CC–STADUS 1994


One of the classic problems in Social Studies, Biology, and Ecology is the growth of
populations.  Normally, the size of a population is controlled by a number of variables.
Birth rate, food supply, and natural or accidental death rates are some of these factors,
but there are many others.  It is difficult to really learn how a population interacts with
its environment because there are so many variables.  Computer models can simulate
those very complicated systems, which are hard to understand with or without a model.
They can also simulate much simpler systems which can help us understand the more
complex systems.


In this activity you will be looking at a simple system.  There is a population of deer on
an island.  The deer eat certain plants that grow on the island.  The deer population is
limited by the food supply.  These food plants grow all over the island.  Initially, the
plants do not cover all the land suitable for their growth.  If the existing plants are not
eaten too fast, they will spread until they grow in all the suitable spots on the island.
These food plants reproduce at a certain rate.  Each year, if there is enough open space,
the plants produce a number of new plants equal to about 11% of the existing plants.
These new plants may fill in open spaces, or they may replace plants that were eaten
that year.


The deer eat plants wherever they find them.  If there are a lot of deer, they will
compete for the food.  As a result, some may be weakened and die because they are
unable to find enough food.  Also, if the number of food plants drops too low, the deer
may have a hard time finding enough food.  Again, they will weaken and die.  If deer
reproduce too fast, they may cause either of these problems because of their population
size and the rate with which they eat the food plants.


In this model, you will start with a population of 1500 deer and 100,000 units of plants.
The maximum possible number of plant units that can grow on the island is 200,000.
The initial birth rate of the deer is 4%, or .04.  That means that for every 25 deer on the
island, there will be one new birth each year.  Your task will be to explore and explain
what happens to the deer in this situation.  Once you have done that, you will move on
to try to get a stable or nearly stable population of deer on the island by changing the
birth rate.







CC-STADUS Population Growth Page 2


Open the model Deer on an island .  Click on the picture of the running person in the
lower left corner of the model.  You should see something like the screen pictured on
the next page.  The graph shows both deer population and food supply.  Notice that


there is only one control box on the screen, labeled “birth fraction”.  The birth fraction is
the same thing as the birth rate.  It is entered as a decimal.  If you wish to change that
decimal to a percent, simply multiply by a hundred.


As it is set up, the island and its deer population is programmed for failure.  To see
what happens, run the model.  Then graph both curves on the blank graph belowon the
next page.
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What happens to the deer population?


What happens to the food supply?


Explain, as best you can, why the events occurred.


Given the limited amount of food that can grow on the island, what could be done to
avoid the situation you just observed.  Remember, the only thing you can control is the
birth fraction.  Explain why and how your changes should work.
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List your change here.  Then, try it.  Graph the results below.


What happens to the deer population?


What happens to the food supply?


Explain, as best you can, why the events occurred.


Were you successful in not wiping out the deer or the food?  If not, try to explain why
not?  If you were successful, explain why.


Most likely you were not successful.  Keep trying until you are.  Ask your teacher for
more Deer population sheets until you are.
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Name______________________
CLASS_____________________
PERIOD____________________


Exploring Feedback:
Reservoir Control
© Ron Zaraza — CC–STADUS 1994


What do the following have in common?
The cooling fan in your family car
The thermostat on your furnace at home
The temperature control of your refrigerator
The automatic speed control on your car
Your sweat glands
The economic system of the United States
Your appetite


All of the things described are either feedback systems or are part of a feedback system.
But what is a feedback system?  In the simplest form, a feedback system is a system in
which one part affects or controls another part.  The cooling fan in your car is controlled
by a thermostat.  As the temperature of the coolant rises to some pre–set temperature,
the fan is turned on.  It cools the coolant below the pre–set temperature, then turns off.
The thermostat and fan were controlled by the temperature of your radiator coolant.
The thermostat and fan, in turn, controlled the temperature.  They “feed” information
or changes “back” to each other.


The thermostats on your furnace and the temperature control of your refrigerator work
exactly the same way.  The automatic speed control of your car monitors the speed.
You set it to a desired figure.  It keeps adjusting your speed whenever it goes more than
a few miles per hour above or below the speed you set.  If it detects an increase, it
responds by decreasing your speed.


Your sweat glands increase production of sweat when you exercise because your body
is using more energy than normal.  Your body temperature rises as a result.  Production
of sweat cools your body as the sweat evaporates.  Again, one part of a system (your
body), responds to changes of another part of the system.


The capitalist economic system is based on the production and sale of goods and
services.  The very complicated system includes, among other things, investment,
wages, prices, and the ever–popular economic law of supply and demand.  Changes in
any part of the system (for example a drop in wages for factory workers) will produce
changes in other parts.
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Because feedback plays a role in so many systems, studying it is a part of almost every
subject.  From history to biology, art to economics, feedback plays a role that must be
understood to really understand the subject.


You will explore a simple feedback system in this activity.  The system being looked at
is a dam/reservoir system.  When dams are built, the area upstream from the dam
becomes a reservoir.  The water held back by the dam fills the reservoir.  However, just
like a bathtub, a reservoir can’t be filled forever.  If too much water is stored, the water
may flood areas around the reservoir or even cause the dam to collapse.  So water must
be released.  How much?


It depends on why the dam was built in the first place.  Some are built to generate
electricity.  Since a steady supply of electricity is desirable, the reservoir must always
have enough water in it to maintain a steady flow year round.  Release too much water,
and you will not have a reliable supply of electricity.  Other dams are built to store a
supply of drinking water.  Ample water must always be kept in the reservoir to supply
water during dry seasons.  Additionally, the water at the bottom of a reservoir is
usually too silty to be used for drinking water.  The water level must never be drawn
down to that level.


Besides the use of water, decisions to release water must take into account how much
water will be flowing in.  During dry weather, it may be safe to keep release levels low,
even if the reservoir is nearly filled.  There is little chance of too much water flowing in.
During the wet season, however, a nearly filled reservoir could quickly be overfilled, so
it would be good planning to release more water.


Of course, your ability to control feedback systems is determined by how much
information you have.  Refrigerators don‘t heat–up or cool–down too rapidly.  They
don’t change the speed at which they heat or cool.  So the thermostat controls are
simple.  Too hot?  Then cool down!  Too cool?  Then stop cooling.  Reservoirs are a bit
more complicated, as are many other feedback systems.  The time and amount of rain
cannot be predicted exactly.  The rate at which water can be released is limited.  In
short, the problem is more difficult.  In spite of the most sophisticated sensors and
advanced weather forecasting techniques, reservoir control is still difficult, and
mistakes can still be made.


In this activity you will be working with a relatively simple reservoir, but in many
ways, you will be “working in the dark”.  Open the model Reservoir Control .  Click on
the running person in the lower–left corner of the model.  You should see something
like the screen shown on the next page.
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The model that is simulating the reservoir system is invisible.  The only thing that is
visible is a graph which shows three traces and a control for the amount of water
released.  Take a look at the three quantities displayed on the graph.  One is the
maximum safe level, or full level of the reservoir.  It is a constant 60 units (don’t worry
what the units are - they could be million cubic feet of water, acre–feet, or an even more
obscure measurement of volume).  Also shown is the minimum reservoir level.  If the
water level drops below this level people in your town will have sand in their drinking
water and the generators will grind to a stop because of sand in the turbines.  The third
is the actual level.  Your job is to keep the actual level between the maximum safe level
and the minimum level.  You will do this by changing the amount of water released.


The model is set up to run in one month steps.  At the end of each month, the model
will pause to allow you to change the amount of water released the next month.  You
have no way of knowing how much water will enter the reservoir.  The only clues are
the way the reservoir level changed last month and the fact that months 1, 13, 25, 37,
and 49 are all January.  You will have to make some assumptions about water flows and
try them out.  Realistically, you probably will have problems the first time you try this
model.


So . . .   It is time to give it your best shot.  But first, a few friendly suggestions.  You
probably should keep a record of the amount of water you release each month.  Since it
is unlikely you will succeed the first time you try this model, your mistakes may help
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you succeed in later tries.  Begin your run of the model.  As soon as the water level goes
above the full level or drops below the minimum level, stop the run and copy your
graph on the blank graph below.  Then answer the questions after the graph.  If you do
fail on your first run, ask your teacher for additional Run Sheets.  When you finally are
successful, go on to page 5.


Did your reservoir get too high or too low?


What month did that happen?


List the water released the last 4 months.


When the level went past the limits, do you think the month was a low, medium, or
high water inflow level (low is 10 or less, medium is 10 to 30, high is above 30).


Using the scale of low, middle, and high, list the inflow that you think you had for the
last six months.  Begin with the last month.


Explain how you decided how much water to release.
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If you are working on this page, you must finally have made a successful 5 year run on
the reservoir model.  On the graph below, show your water released.


What was the closest you came to overfilling the reservoir?


In what month or months was that?


What was the closest you came to draining the reservoir too far?


In what month or month was that.


To maintain a stable level, the inflow should equal the outflow.  To check the inflow,
scroll to the right.  The graph shown on the right end of the model is the actual inflow.
Does your water released graph match it?


If it doesn’t, can you explain why your run still worked?
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Explain your strategy for a successful run.  Be sure to tell how you used the changes in
water level from previous months to decide how much water to release.


As you have done this activity you should have discovered one of the hidden problems
in feedback systems.  Often decisions are based on what has already happened.  The
assumption is made that trends will continue.  Unfortunately, the trend that decisions
are being made on may not only have ended, it may have reversed.  Constant detailed
information is necessary to keep a feedback system from self-destructing.
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CC-STADUS Reservoir Control Additional Sheet


Name_____________________________


RUN SHEET


Did your reservoir get too high or too low?


What month did that happen?


List the water released the last 4 months.


When the level went past the limits, do you think the month was a low, medium, or
high water inflow level (low is 10 or less, medium is 10 to 30, high is above 30).


Using the scale of low, middle, and high, list the inflow that you think you had for the
last six months.  Begin with the last month.


Explain how you decided how much water to release.
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