A Dam Performance Task
Lots of dam calculations
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1. The Norman farm requires a dam to supply water.  Calculate the dam volume of the Norman farm: The dam has a trapezoidal cross-section. Use the given dimensions to find the dam volume. 

   - Top Width = 30 meters
   - Bottom Width = 20 meters
   - Height = 8 meters
   - Length = 100 meters

The volume of a trapezoidal prism is given by:




2. The Norman farm requires 5,000 cubic meters of water per hectare, and the farm is 50 hectares.  Is there enough dam water for the Norman farm?


3. Find the dam hypotenuse: The dam has a slope that can be modeled as a right triangle. The height is 8 meters, and the base is 5 meters. What is the length of the dam hypotenuse? 


4. Calculate the angle of elevation, , of the dam suppling water to the Norman Farm.  Or if you prefer, calculate the dam angle of elevation.


5.  Different dam. The dam water flow for the Anacott Family Farm during a period of time can be modeled by the following function:  
     
:  where t represents days

5a. What does  represent?

5b. What does 500 represent?

5c. What does -30 represent?

5d. Calculate the flow rate at  days.

5e. Determine when the flow will hit zero:

5f. What is the domain of the function?

5g. What is the range of the function?

5h. Calculate the average rate of change of the dam water flow to the Anacott Family Farm between  and days.

6a. Different dam.  Create a function to model water flow out of a dam where the initial water flow is 100 liters per day and the water flow increases by 200 liters per day for 30 days. 

6b. Create a function to show water flow INTO the dam from the melting snow at a constant at a rate of 5000 liters per day.

6c. On what day will the water flow out of the dam exceed water the flow into the dam? 

7. The Van Damme Farm uses a different dam to supply water.  This dam’s water flow is modeled by the quadratic function . 

7a. Find the maximum water flow during the 90-day period

7b. Determine the domain and range of this dam function. 

7c. On what day(s) is the dam water flow the lowest?

8. Your farm has 120 cows and 200 pigs, and they’re thirsty! The water flow into your dam over 100 days is modeled by the quadratic function: where  represents the water flow in liters per day, and  is the time in days. 

Here are the animals that you have and the amount of water they require:

120 cows: Each cow requires 80 liters/day.
200 pigs: Each pig requires 10 liters/day.

8a. How much total water do all of your animals need each day? 

8b. Calculate the minimum daily water flow of the dam during the 100-day period. 

8c. Determine if the dam water supply is sufficient.  Is the dam’s minimum daily flow enough to meet the daily water needs of your animals every single day during this 100 day period? If not, calculate the water deficit.

8d. For approximately how many days will your farm receive enough dam water to meet the needs of your livestock?


1. The Norman farm requires a dam to supply water.  Calculate the dam volume of the Norman farm: The dam has a trapezoidal cross-section. Use the given dimensions to find the dam volume. 

   - Top Width = 30 meters
   - Bottom Width = 20 meters
   - Height = 8 meters
   - Length = 100 meters

The volume of a trapezoidal prism is given by:



The volume  of a trapezoidal prism is given by:




Plugging in the values:



The dam volume is 20,000 cubic meters.

2. The Norman farm requires 5,000 cubic meters of water per hectare, and the farm is 50 hectares.  Is there enough dam water for the Norman farm?

Total water requirement for the farm:



Your dam can only hold 20,000 cubic meters—you’re going to need a bigger dam or water from another source.

3. Find the dam hypotenuse: The dam has a slope that can be modeled as a right triangle. The height is 8 meters, and the base is 5 meters. What is the length of the dam hypotenuse? 

Using the Pythagorean Theorem:



4. Calculate the angle of elevation, , of the dam suppling water to the Norman Farm.  Or if you prefer, calculate the dam angle of elevation.

Using the tangent function:



5.  Different dam. The dam water flow for the Anacott Family Farm during a period of time can be modeled by the following function:  
     
:  where t represents days

5a. What does  represent?

  represents the flow rate of water from the dam in liters per day as a function of time . Specifically, it tells us how much water is flowing from the dam each day as time progresses.

5b. What does 500 represent?

The constant 500 represents the initial water flow rate in liters per day when  days. 

5c. What does -30 represent?

The coefficient -30 represents the rate at which the water flow decreases over time. Specifically, it indicates that the water flow decreases by 30 liters per day for each additional day. This reflects a steady reduction in water flow as time goes on.

5d. Calculate the flow rate at  days:

   Substituting  into the function:





   At  days, the flow rate is 200 liters/day.

5e. Determine when the flow will hit zero:

   To find when the flow will hit zero, set :



   Solving for:





Therefore, the water flow will hit zero after approximately 16.67 days.

5f. What is the domain of the function?

The domain of the function refers to the possible values of  (days) for which the function is defined. Since the dam water flow starts at  days and continues until the flow reaches zero, which happens at approximately  days. The domain is:



5g. What is the range of the function?

The range of the function refers to the possible values of  (the flow rate in liters per day). The function starts with an initial flow rate of 500 liters/day at  and decreases to 0 liters/day at  Therefore, the range is:



5h. Calculate the average rate of change of the dam water flow to the Anacott Family Farm between  and days.

Average rate of change:



6a. Different dam.  Create a function to model water flow out of a dam where the initial water flow is 100 liters per day and the water flow increases by 200 liters per day for 30 days. 



represents the water flow out of the dam in liters per day.
 represents the time in days, with  ranging from 0 to 30 days.

6b. Create a function to show water flow INTO the dam from the melting snow at a constant at a rate of 5000 liters per day.



represents the water flow into the dam in liters per day.
 represents the time in days.

6c. On what day will the water flow out of the dam exceed water the flow into the dam? 

To find the day when the water flow out of the dam exceeds the water flow into the dam, we need to solve the inequality:





Subtract 100 from both sides:



Now, divide both sides by 200 to solve for 




Simplify:



The water flow out of the dam will exceed the water flow into the dam after 24.5 days. Since  represents days, and we typically measure days in whole numbers, this means that starting on day 25, the water flow out of the dam will be greater than the water flow into the dam.

Thus, from day 25 onwards, the dam will start losing more water than it is receiving.

7. The Van Damme Farm uses a different dam to supply water.  This dam’s water flow is modeled by the quadratic function . 

7a. Find the maximum water flow during the 90-day period

Since the function is a quadratic equation, and the coefficient of is negative, the parabola opens downward. This means the vertex of the parabola will give us the maximum water flow.

The time at which the maximum occurs can be found using the formula for the vertex of a parabola:



In this case,  and so:





Now, substitute  back into the function to find the maximum water flow:







So, the maximum water flow during the 90-day period is 505 cubic meters/day.

7b. Determine the domain and range of this dam function. 

The domain of the function is the time period during which the dam operates, which is from day 0 to day 90. Therefore, the domain is:



The range of the function is the set of possible water flow values, which vary between the minimum and maximum values calculated earlier. Therefore, the range is:



7c. On what day(s) is the dam water flow the lowest?

Since the parabola opens downward, the minimum water flow will occur at the endpoints of the 90-day period. We need to evaluate the function at the beginning t = 0 and at the end t = 90.

At t = 0



At t = 90







Therefore, the minimum water flow during the 90-day period is 100 cubic meters/day. This minimum occurs both at t = 0 and t = 90.

8. Your farm has 120 cows and 200 pigs, and they’re thirsty! The water flow into your dam over 100 days is modeled by the quadratic function: where  represents the water flow in liters per day, and  is the time in days. 

Here are the animals that you have and the amount of water they require:

120 cows: Each cow requires 80 liters/day.
200 pigs: Each pig requires 10 liters/day.

8a. How much total water do all of your animals need each day? 

Your farm has 120 cows and 200 pigs, and they’re thirsty! The water flow into your dam over 100 days is modeled by the quadratic function:



where  represents the water flow in liters per day, and  is the time in days. 

Here are the animals that you have and the amount of water they require:
120 cows: Each cow requires 80 liters/day
200 pigs: Each pig requires 10 liters/day 

We will address the following questions:

Water requirement for your cows: 
Each cow requires 80 liters/day, and you have 120 cows.



Water requirement for your pigs:
Each pig requires 10 liters/day, and you have 200 pigs.



The total water required for all animals is the sum of the water required for the cows and the pigs.



8b. Calculate the minimum daily water flow of the dam during the 100-day period. 

The water flow into the dam is modeled by the quadratic function:



To find the minimum water flow during the 100-day period, we need to evaluate the function at the endpoints of the time interval  and . This is because the quadratic function has a maximum value at the vertex and decreases toward the endpoints.

At 



At 







The minimum water flow during the 100-day period occurs at  and is 500 liters/day.

8c. Determine if the dam water supply is sufficient.  Is the dam’s minimum daily flow enough to meet the daily water needs of your animals every single day during this 100 day period? If not, calculate the water deficit.

The total daily water requirement is 11,600 liters/day (as calculated in 11a).

The minimum water flow during the 100-day period, as calculated, occurs at the end of the period t is 500 liters/day.





The dam unfortunately will not produce enough dam water to meet the needs of your livestock.  

8d. For approximately how many days will your farm receive enough dam water to meet the needs of your livestock?

The water flow into your dam over 100 days is modeled by the quadratic function:



where  represents the water flow in liters per day, and s the time in days.

The water requirements for your livestock are as follows:
120 cows, each requiring 80 liters/day:  



200 pigs, each requiring 10 liters/day:  



Total daily water requirement for all livestock:



We need to determine the number of days  for which the water flow from the dam  is sufficient to meet the daily water requirement of 11,600 liters/day.

Step 1: Set up the inequality

To find the number of days the dam can supply enough water, we need to solve the inequality:











Use the quadratic formula:



Here, , and . Substitute these values into the formula:














The two possible solutions for are:

days

 days


The roots of the equation are approximately days and  days. Therefore, the dam can supply enough water from days to days

There will be enough dam water for day 1, day 2, and days 78 – 100.  Therefore, there will enough water for your livestock for 25 days.
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