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Content (what is taught): 

· Measurement of volume / time

· Creation of data tables

· Calculate flow rate

· Identify and determine the variables effecting the flow rate of the system

Context (how it is taught):

· Design and build three different water flow devices
· Measure the dimensions of each stream to calculate the volume
· Time how long it takes a marker stick to travel along the water path
· Calculate the flow rate by using the volume of the streambed divided by the time determined by the sticker along a specified distance

Activity Description:

This lesson will teach that a flow rate can be calculated knowing the volume of a streambed is divided by the time it takes the water to flow between two points. The students will design three different streambeds with a change in one variable for each of the three. The students will then find the flow rate of each design. Students will then compare how a change in one variable affects the flow rate of a stream.

Standards: 

Math: MA2, MB3, MC1, MD1


Science: SA2, SB2
Technology: TA2, TA3



Engineering: EA1, EA2
Materials List: 

· Stream Table

· Stopwatch

· Sand

· Meter Stick

· Tongue Depressor

· Graph Paper

· Notebook
Asking Questions: (What Does the Flow Got to do With It?)

Summary: Students will be asked to consider the relationship between length, width, depth, distance and time as it relates to water flow in a river system.
Outline: 

· Students will consider the meaning of the word rate as it applies to a river

· Students will learn how the changing of one of these variables will affect the rate of the same river

Activity: The class will have a large group discussion asking them to consider flow rate in a river.  Students will consider how to calculate flow rate and what different flow rates mean for communities along the river.  The questions below should be addressed.
	Questions
	Answers

	What does the term rate mean?
	Rate is a change in distance divided by time.

	What variables do you need to measure to calculate the flow rate of a river?
	Length, width, depth, and time

	What happens to the flow rate of a river if one of the variables changes?
	The flow rate of the river changes also.

Example - If the width is decreased, the flow rate increases.

	How does this relate to rivers flooding?
	A flooding river has a high flow rate compared to normal river levels.
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Exploring Concepts: (What Does the Flow Got to do With It?)

Summary: Students will explore how other areas of a river system have different flow rates and why this is important.
Outline: 

· Students will watch a virtual tour of the Loup Power Canal System
· Students will watch a second video of the Colorado River

· Class will have a discussion comparing and contrasting the flow rate between the river systems
· Students will determine the variables affecting the rate of flow

Activity: Students will watch a virtual tour of the Loup Power Canal System (link below). The students will then watch a second video of the Colorado River (link below). The class will have a discussion comparing and contrasting the difference in the flow rate between the two river systems. The students will determine the variables affecting the rate of flow.

Resources: 

· Loup Power Website and Virtual Tour:  http://www.loup.com/aboutus/virtualTour.asp
· Colorado River Video:  http://www.metacafe.com/watch/497574/colorado_river/
Attachments:

	River
	Elevation Change
	Volume
	Flow Rate

	Loup Canal
	
	
	

	
	
	
	

	Colorado River
	
	
	


Instructing Concepts: (What Does the Flow Got to do With It?)

NOTE: For this lesson it’s Flow Volume = Flow Rate * Time

Distance = rate * time 

Putting “Distance = rate * time” in Recognizable Terms:  Distance = Rate * Time is a formula that is prevalent in algebraic settings.  The formula is a linear equation with the rate serving as slope. 

Putting “Distance = rate * time” in Conceptual Terms:  Distance = Rate * time is a formula that shows the relationship between three variables distance, rate, and time.  If two are known the third can be calculated.  The formula is linear and an example of direct variation.

Putting “Distance = rate * time” in Mathematical Terms:  The formula give distance as either a function of rate or time with the other serving as a constant of variation.  What this means is if the rate is held constant the distance will increase as the time increases (distance as a function of time) or is the time is held constant the distance will increase as the rate increases (distance is a function of rate).

Putting “Distance = rate * time” in Process Terms:  Thus if you know the rate and the time of the object you can calculate the distance.  If you know the distance traveled and either the rate or time you can calculate the one.  The ordered pairs (rate, distance) or (time, distance) are infinite and if graphed will form a straight line.

Of note, is that this modeling situation can be used by students to make predictions about future events and is a concrete way of developing a linear equation that students can apply in other settings. 

Putting “Distance = rate * time” in Applicable Terms:  The formula models the real world.  It can apply anytime that an object is in motion at a constant rate or for a constant time.  If you drive a robot faster it will go farther in the same amount of time or if you maintain a constant speed the robot will go farther in a longer time.  To create a situation that models the real world, drive the robot at a constant speed for a determinable length of time and measure both the speed and time.  The distance will be equal to the rate driven times the length of time driven.

Organizing Learning: (What Does the Flow Got to do With It?)

Summary: Students will design and create three different river systems. Next, the students will create a chart to track the data collected from each of the designs. Finally, the students will compare the results to see if they are similar or different.

Outline:

· Design three different river systems with varying size of streambeds
· Measure the width, length, and depth of each river system design

· Measure the time it takes for a marker sticker to go down the length of the system
· Use the same amount of water flowing through the start of the river system

· Calculate the rate at which the water is flowing through each river system (l * w * d/t)

Activity: Students will work in groups of two to design three different river systems. Each river system needs to be of a different length or width or depth. Students will then build the first streambed model using a stream table, sand, and water. Students will use the sand to create the streambed for each design. The students will measure the length, width, and depth of the streambed using a meter stick. The students will use a small stick, (placed at the start of the streambed) and a stopwatch to measure the time it takes the stick to travel the length of the streambed. A re-circulating pump will allow for uniform flow of water at the start of the streambed.
Data Table:  A table that has the length, width, depth, and time for each design will be used to organize the data collected. From the chart the students will calculate the flow rate for each river design.
	
	Length
	Width
	Depth
	Time

	Design 1
	
	
	
	

	Design 2
	
	
	
	

	Design 3
	
	
	
	


Understanding Learning: (What Does the Flow Got to do With It?)

Summary:  Students will complete a homework assignment of calculating the flow rate of each river system they designed.

Outline: 

· Formative assessment of flow rate (flow volume = flow rate * time)
· Summative assessment of flow rate (flow volume = flow rate * time)
Activity: Students will complete a writing prompt and answer quiz questions relating to flow volume (flow rate * time).

Formative Assessment: As students are engaged in the lesson ask these or similar questions:

1) Are students able to calculate a rate (speed)?

2) Are students able to calculate the rate of the water through a river system?

3) Can students define and use the term cubic correctly?

Summative Assessment: Students can complete the following writing prompt:
1) Explain the relationship between flow rate, flow volume, and time in a river setting.  

2) Explain how you would find the flow rate of a river if you know the volume at a point in the river.
Students can complete the following quiz questions:
1) If the river is 40 feet wide, 3 feet deep, and 100 feet long and it takes a stick 40 seconds to travel the length, what is the flow rate of the river in cubic feet per second?

2) If the same river is going through a canyon and the depth increases to 9 feet and it only takes the stick 10 seconds to go the same length, what is the flow rate of the river in cubic feet per second?

3) The same river in now going through a valley and the width spreads out to 80 feet, the depth and length stay the same as in number 1 and the stick takes 80 seconds, what is the flow rate of the river in cubic feet per second?

4) The flow rate of a river is 30 cubic feet per second and the engineers want to increase the flow rate, what would they have to do to the river to change the flow rate?
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