SOUTH CAROLINA STUDIES

       Unit 5; Day 4
THEME = RESOURCES OF THE COASTAL PLAIN                          MATH  –  PRE-ALGEBRA 

LESSON TITLE: How Can We Determine the Resource Output of Quarries?
OBJECTIVES: Students will be able to develop mathematical strategies to estimate output of quarries.
PRIMARY STANDARDS ADDRESSED: Math 8th – N.III.C.1;  G.IV.B.2;  M.II.C.1;  M.II.F.1 
PRIOR SKILLS REQUIRED: ability to determine volume and area of standard figures and use ratios
TEACHER BACKGROUND INFO: Additional Background Resources page and pages 56-61 of Carolina Rocks text.
LOGISTICS: 1 @ 50-minute class – large tables or other work area – students work in cooperative groups
MATERIALS:  6 @ Columbia Topographic Map (SC MAPS); 6 @ Columbia Aerial Photograph (SC MAPS); wet-erase pens; 6 @ Transparent Plastic Grid (SC MAPS); rulers
PROCEDURES:

   1. Set the lesson framework by explaining how important it is for a mining company to have some idea of how much of a resource it can recover from a quarry.  Review formulae for volume calculations for regular solids and generalize to irregular solids.  Tell students their task will be to figure out a way to estimate surface area and average thickness (depth) of one of the granite quarries along the Congaree River in downtown Columbia so that they will be able to estimate the total volume of material removed.     
   2. Divide students into cooperative learning groups and give each group a Columbia topographic map, a Columbia aerial photograph, a transparent plastic grid, wet-erase markers, and rulers.  Tell the students to work only with the quarry on the west bank of the Congaree River.  Make sure students can find this quarry on the map.  Tell students their task is to design strategies for estimating both the surface area of the quarry and the average depth of the quarry so they can calculate the total volume.  
   3. Instruct each group to carry out their plan and write down their results for estimated surface area, average depth, and estimated total volume.  Tell groups to use English measurements.  Assist groups as needed.  When all groups have finished, have them compare answers and comment on results. 
   4. Ask students how big they think that number really is and how they would convey this concept.  Ask students to convert their volume measurement into the equivalent amount of crushed stone required to pave a square parking lot with a one foot thickness of crushed stone.  Instruct groups to calculate the length of one side of that hypothetical lot.  Ask them to compare that size to the size of their school parking lot and estimate how many school parking lots would fit into the hypothetical parking lot.
   5. Point out that the amount of material removed can be expressed either as volume (cubic feet) or as weight (pounds or tons).  Give students the value for the average density of granite rock (170 pounds per cubic foot) and the equation for density [d = m/v] to calculate the total ‘weight’ of rock taken from the quarry.
   6. [optional] Give students the quarry information listed on the “Additional Background Resources” page. Ask students to calculate how many truckloads of rock (based on weight) could be removed each day from the mine and also to estimate how long the mine has been in operation, based on how much rock has already been removed.  Have groups report their estimates and explain how they determined them.  Compare these answers to the actual time referenced on the “Additional Background Resources” page.

SAMPLE CULMINATING ASSESSMENT:   
   - On a quiz or test ask students to estimate the number of cubic feet in their classroom (without leaving their seat) and explain how they obtained their estimate. 
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STUDENT  WORK  SHEET

LESSON TITLE: How Can We Determine the Resource Output of Quarries?

a.
Explain the process you used to determine the estimated surface area, average depth, and volume of the quarry.  Why did you choose this method?

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

b. What is the estimated surface area?____________________________________________

c. What is the average depth?____________________________________________________ 
d. What is the estimated volume of the quarry?________________________________________

e. Do you feel your procedure would lead to an overestimate or an underestimate?  Why?

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

f. Imagine you were to construct a square parking lot made of crushed stone, one foot deep, using all of the stone available from the quarry’s volume you calculated above.  What would be the length of one of the sides of this parking lot?

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

g. How would the size of the hypothetical parking lot compare with the size of your school’s parking lot?  How many of your school’s parking lot could you fit into the hypothetical parking lot?

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

h.  The amount of stone that can be removed from the quarry can be expressed as either a volume (cubic feet) or a weight (pounds or tons).  The average density of granite rock is 170 pounds per cubic foot.  Based on this information what would be the weight of all the stone that can be removed from the quarry.  (Density = mass/volume)  _______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
i. What is an advantage of having measurements expressed in weight versus volume.
_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

OPTIONAL QUESTIONS
j. An average truck can carry 65 tons of crushed stone.  Based on your answer in part g, how many truckloads would be required to remove all of the stone from the quarry?

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

k. The quarry has been removing an average of 200 truckloads per day since mining began.  Based on your answer in part j, approximately how long has the quarry been in operation? 
_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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TEACHER  ANSWER  KEY
LESSON TITLE: How Can We Determine the Resource Output of Quarries?

1.  Set the framework for the activity by explaining how important it is for a mining company to have some idea of how much of a resource it can recover from a mining site.  

    Explain to students that before any company starts a mining operation (in the Coastal Plain or anywhere else), someone has to determine how much of the resource is available at the site and how quickly the product can be removed.  There is no way to know this information exactly ahead of time, but if the company doesn’t think it can produce enough to make a profit, it will look for a different site.  Geologists can make a lot of money by providing such information to companies.

Review formulae for volume calculations for regular solids and generalize to irregular solids. 

    Remind students that in general, the volume of any 3-dimensional mass can be estimated by multiplying the average surface area occupied by the object by a value close to the average thickness of the object.  This, however, is not a formula. (Consider the formula for the volume of a pyramid.) Show some examples on the blackboard (or use overhead projector) if students need this review.  As an example, the surface area of a rectangular solid is the length times the width.  The average depth is the same as the actual depth.  For a cylinder, surface area equals the value “πr2” and the average (actual) depth is the cylinder length (or height).   Irregular shapes are harder to calculate, but if students can figure out a good way to estimate surface area and average depth, they will generate a surprisingly accurate estimate.  
2. Divide students into cooperative learning groups and give each group a Columbia topographic map, a Columbia aerial photograph, a transparent plastic grid, wet-erase markers, and rulers . . . .  
    Make sure students can locate and identify the granite quarries on the map and aerial photo (they are located about one mile south of the Blossom Street Bridge over the Congaree River by the Olympia neighborhood).  The quarry on the east bank is much more irregular in shape and therefore harder to work with.  The quarry on the west bank of the river is more regular and students will have an easier time estimating the requested values, so it is better to use this one.
Tell students their task is to design strategies for estimating both the surface area of the mine and the average depth of the mine so that they can calculate the total volume occupied by the mine.  

    There are many different – and equally effective – approaches to arriving at estimates for surface area and average depth.  Regarding surface area, three examples of acceptable strategies are:


- draw a circle (or square – or other regular shape) approximating quarry boundary so that equal portions of boundary 

line lie inside and outside of the circle line.  Then use formula for area of a circle to estimate surface area of quarry. 


- draw the largest square that will fit completely inside the quarry boundary; then draw smaller squares that fit inside



the quarry area outside of the big square.  Calculate the areas of all these squares and add them together.


- use transparent plastic grid to cover entire quarry area and count all the small squares that are inside the quarry



boundary.  Calculate the area of one square, then multiply by the total number of squares that were counted.
Regarding average depth, two examples of acceptable strategies are:

- use contour line information to locate deepest part of the quarry.  Assume the average depth is about half that value. 


- count number of contour lines in cliff wall (lines very close together) and use value of middle line as average depth.

Tell students that they should not actually carry out their design plan until their strategies have been approved either by the teacher or by another student group.  This is a good opportunity for implementing a peer review process.  If you choose to use this method, be sure student reviewers know what they are looking for as they review the proposals. 
     Students may underestimate or overestimate the surface area depending on the technique they employ.  They should account for an underestimate by indicating there was some space left over on the map of the quarry.  They should account for an overestimate by indicating they went over on some of the dimensions of the quarry.
3.  Instruct each group to carry out their plan and write down their results for estimated surface area, estimated average depth, and estimated total volume.  Tell groups to use English measurements.  Assist groups as needed.  When all groups have finished, have them compare answers and comment on results.
    Student answers will vary depending on their group’s method of estimating.  The ‘correct’ answers are approximately::

ESTIMATED SURFACE AREA = Vulcan Quarry 8,712,000 square feet or .3125 square miles  (digging)  10, 715, 760 square feet or.3844 square miles (overall area)
ESTIMATED AVERAGE DEPTH = Vulcan Quarry 300 feet.  Students can calculate the average depth by viewing the contour map.  The quarry is located 150 feet above sea level and, by examining the depression contours (the lines with hachure marks/barbs), they should realize that 50 feet below 50 feet is 0 and 50 feet below 0 is -50, and so on until finally reaching a depth of 150 feet below sea level.  This would provide an interesting context for a discussion of positive and negative numbers since students must combine the height above sea level and the depth below sea level to calculate the actual depth.
ESTIMATED TOTAL VOLUME = 2,613,600,000 cubic feet
    Students need to use English measurements because the contour line data on the topographic map is in units of feet. 
4. Ask students how big they think that number really is and how they would convey this concept.    

    Tell students that often big numbers like these are hard to visualize.  Make sure they realize that the volume of the open-pit mine is equal to the volume of rock that has been removed.  It helps if students can relate the number to something physical, in the real world, whose size they are already familiar with.
Ask students to convert their volume measurement into the equivalent amount of crushed stone required to pave a square parking lot with a one foot thickness of crushed stone.  Instruct groups to calculate the length of one side of that hypothetical lot.  Ask them to compare that size to the size of their school parking lot and estimate how many school parking lots would fit into the hypothetical parking lot.
    Tell students that the length of one side of that hypothetical square parking lot is approximately 51,000 feet, which is roughly 9.7 miles on each side.  They should recognize how large this is.
5. Point out that the amount of material removed can be expressed either as volume (cubic feet) or as weight (pounds or tons).  Give students the value for the average density of granite rock (170 pounds per cubic foot) and the equation for density [d = m/v] to calculate the total ‘weight’ of rock taken from the quarry.

    Technically, density is MASS divided by volume, which is not the same as WEIGHT divided by volume.  But middle school students are more familiar with English units of weight (pounds, tons) than they are units of mass (slugs).  Trying to deal with ‘weight’ vs. ‘mass’ in this lesson is not a good idea unless the science teacher has already covered this topic.
170=m/v

170=m/(2,613,600,000) 

m=170 * 2,613,600,000 = 444,312,000,000 pounds or 222,156,000 tons  

6. [optional] . . . . Ask students to calculate how many truckloads of rock (based on weight) could be removed each day from the mine and also to estimate how long the mine has been in operation . . . .
    Answers will vary based on how many hours a day students think the quarry operates.  Also they will have to guess how many days in a week the quarry operates and how many weeks in a year the quarry operates.  Students will probably also assume that quarry production is steady over time when in reality some days generate more rock than others and there are slow times when the quarry is not operating at full potential or might even be shut down.

   A large hauling truck can carry approximately 65 tons.  At this rate it would take approximately 3,417,780 trucks to transport all of the stone that has been removed from the Vulcan Quarry.
   One advantage of expressing measurements of stone removed from the quarry in weight versus volume is this allows for straightforward calculations of the number of trips it will take for trucks to transport a certain amount of stone removed from the quarry.

SAMPLE CULMINATING ASSESSMENT:   

   - On a quiz or test ask students to estimate the number of cubic feet in their classroom (without leaving their seat) and explain how they obtained their estimate.
     Although the room is likely irregularly shaped, they should be able to describe a procedure for estimating the area of the floor and measuring the height of the room. By multiplying these, they will have a good estimate 
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ADDITIONAL BACKGROUND RESOURCES
LESSON TITLE: How Can We Determine the Resource Output of Quarries?


The granite quarries shown on the Columbia topographic map and aerial photograph have been in operation for many years.  Formerly known as the Tarmac Quarry, the mining operation is now carried out by Vulcan Materials Company.  The company provides tours for school groups and the general public and has one several awards, including the NSSGA Showplace Award, the NSSGA Bronze Environmental Eagle Award, and the NSSGA Gold Good Neighbor Award.

Operations Office Information  


School Group and Tours Information
Columbia Quarry (SC)




Donna Poulton – Educational Tours

545 Georgia St





1654 Quarry Road
Columbia, SC  29201





Gray Court, SC 29645

Phone: (803)771-0090




Phone:  (864) 876-2101
Fax: (803)256-3584





Fax:  (864) 876-2345
www.vulcanmaterials.com/columbia



e-mail:  poultond2@vmcmail.com
Quarry Products:

 Asphalt Aggregate

 Base Material

 Concrete Aggregate

 Manufactured Sand

 Railroad Ballast

 Rip Rap

· The surface area of the Vulcan Quarry where digging actually occurs is 200 acres or 8,712,000 square feet.  The surface area of the Vulcan Quarry (including storage space for machinery is 246 acres or 10,715,760 square feet.  (Note:  There are 43,560 square feet per area.  There are 640 acres per square mile).

· The depth of the Vulcan quarry is 300 feet deep (or 150 feet below sea level).  Using the contour map one can determine that the initial surface of the quarry was located 150 feet above sea level.

· Vulcan Materials plans on digging another 200-250 feet down before they exhaust the resources of the quarry.  This will bring the total depth to 500-550 feet.

· The quarry will be in operation for approximately 25-30 more years

· An average truck can carry 65 tons of crushed stone from the quarry.

· 200 truckloads are transported from the quarry daily.

· The trucks operate 11 hours per day, 6 days a week..

The Quarry Story – excerpted from Vulcan Materials Company Educational Website <http://www.vulcanmaterials.com/social.asp?content=story>
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The Story of How a Quarry Works
Unless you’ve visited or toured a quarry, chances are you don’t know much about what goes on inside one. In the simplest terms, a rock quarry is a place where little rocks are made from big rocks. Although the basic process is the same, each quarry is different and some of the things in Quarry Story may not apply to all operations. Geography, geology and the type of stone mined, how close a quarry is to neighbors, the size of the operation and the main transportation method used to get the stone products to customers all have an impact on how each quarry is designed and operated. 

 

At Vulcan Materials Company, our primary business is quarry mining. We take big rocks out of quarries and make smaller rocks and sand by crushing them. We sell the crushed rock and sand to builders and contractors who use them to build roads, highways, bridges, houses, shopping malls, schools, churches and other buildings and structures. 

 

Words that are highlighted in the Quarry Story are defined at the end.
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Finding, Preparing and Designing a Site
Before we can start operating a quarry many preparations must be made. First, our geologists must find a place where there is a large supply of rocks beneath the earth’s surface. We mine igneous, metamorphic, and sedimentary rocks to be used for construction. A quarry is frequently located near a community where our products are needed because if it isn’t, it will cost our customers too much to haul the crushed stone, which is very heavy, over long distances.

 

 

Obtaining Permits 
After we find a good place to put a quarry, our geologists survey the land, and we develop a design that will make our quarry safe and efficient. Then, we have to get a variety of operating permits from local, state and federal governments. For instance, to obtain the environmental permits, it is necessary to provide a plan that shows we can and will obey all environmental rules of the state and federal governments. Once we obtain the proper permits, equipment is purchased, roads are built to the facility and we begin building the processing plant.

 

Being A Good Neighbor
It is very important to us that we operate as a good neighbor in the communities where we build quarries. For example, at many sites we create buffer zones around the quarry so noise is kept to a minimum. We landscape the entrance to the quarry so that it blends with the surrounding area. We install special water systems so we can recycle the water we use in processing, and we put in many other features to protect the health and safety of our employees and our neighbors. 

 

Being Good Environmental Stewards 
Great care is also taken to protect the environment and the animals that live on our quarry lands. A quarry site might be as big as 600 or more acres, but, only a small part of that land is actually used for the quarry and processing plant. We often establish wildlife habitats in the buffer zones to attract and protect animals that might live around our quarries. At some locations we have also built parks, nature trails and ball fields in buffer zones. Our quarries are full of so many interesting things that they are often seen as huge outdoor classrooms where students can come to see what we do and learn about earth science and nature. Once we decide where to put a quarry, we prepare the site for quarrying.

 

Preparing the Site
In order to get to the rock beneath the surface of the earth, we have to clear the land we are going to mine. Once we have the land prepared we are ready to begin mining rock. At many sites, the material that is removed is used to begin construction of berms and other buffer areas, or donated for landscaping or construction projects in the community.
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Getting Rocks out of the Earth
Drilling and blasting is a very important part of how we get rocks out of the earth. We design this process around how much rock we want to break apart, the type of rock we are working with and the size pieces we want to break off. We hire experts to help with drilling and blasting because they know exactly how to work with explosives to make sure this part of the process is handled safely, efficiently and as quietly as possible. 

 

First, holes are drilled in the earth and explosives are placed inside. The explosives are detonated to provide the smallest release of energy for the most efficient blast. The entire blasting process occurs in just a few seconds. Larger quarries may blast once a day and smaller quarries may blast once or twice a week. Blasting is monitored with a special machine to record sound and vibrations so that the community around our quarry remains protected and safe. 

 

The blasts that occur when the explosives are set off free the stone from the quarry wall. The big pieces are removed by pit loaders and dumped into large haul trucks. 

 

Loading Rocks and Hauling Rocks From the Pit
The area that begins to form out of the earth when we blast away big pieces of rock becomes the quarry or pit. We use very large haul trucks to load and move the rocks out of the pit and to the processing plant where they are crushed and divided into different sizes. Trucks move back and forth between the pit and the processing plant.

 

Now that we have the rocks out of the ground and moved over to the processing plant, we begin turning big rocks into little rocks. 

 

Breaking Rocks
When trucks deliver the big pieces of rock to the processing plant, the rocks are put into a primary crusher that will break them into smaller pieces. The primary crusher can crush between 300 and 2,000 tons per hour. Depending on what size we want to make the rocks, they may be put through different kinds and smaller sizes of crushers one or two more times. As the rocks pass through the crushers, they are moved around the processing plant on conveyor belts. 

 

Separating Rocks Into Different Sizes
After crushing, comes screening. As the rocks are broken down to smaller sizes, we use screens to separate them into piles that are the same size. Some screens are larger and they allow the bigger rocks to pass through. The smaller screens let only the small rocks through. Rocks may be crushed and screened many times before they are put in a stockpile with other rocks the same size.
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Moving Rocks Around the Processing Plant
For rocks to get from one place to another at our plant, they travel on long, continuously moving conveyor belts. The conveyors help move rocks in an economical way, saving money and time.

 

Taking Care of Our Employees and Our Neighbors
During the entire quarrying process, we make sure that we protect the health and safety of our employees and neighbors. Mining rocks and moving rocks around a processing plant can create fine particles of dust. We control dust by using water sprays on the rocks as they are processed, and by using spraying equipment to wet quarry roads. 

 

To protect the environment, we use water that we recycle in our own closed loop water system that collects rainwater and water that we use during processing. Water is stored in a recycling pond where the sediment is allowed to accumulate. If we have to discharge water from a recycling pond, we test the water to make sure that it is safe and that it meets environmental water quality regulations. 

 

Storing Rocks
Stockpiles are huge piles of rock, sand, gravel and other materials, and we do mean huge. Some of our stockpiles are as much as 30 feet high and 800 feet around. They are so big that we have to keep them outside. Because they are exposed to the weather, they have to be carefully maintained so heavy rain doesn't wash them away. We also have to be careful not to let other materials get mixed in with them. We use bulldozers and front end loaders to keep the stockpiles in place. When customers come to our facility for a load of crushed stone, they go to the stockpile. We use a shipping loader to fill their trucks with the rocks and other aggregates from the stockpile.

 

Weighing Rocks and Trucks
Our rocks are sold by the ton. Before we can bill a customer for the materials they buy from us, we have to know the weight of each load. When trucks come to our facility, they are weighed before loading. Once they are loaded they are weighed again. Then, we subtract the weight of the empty truck from the weight of the full truck and we know how much the load weighs. This is the way we calculate how much the company has to pay for the load. Weighing is also important because it helps make sure that the trucks leaving our quarry are not too heavy for the roads they will travel on. Each state has laws that say how much weight a truck can legally carry. If a truck weighs too much, some of the material is taken off of it and then it is weighed again before it leaves the quarry.

 

Delivering Rocks to Where They are Needed
Most of the time customers come to our facilities and we load the materials they need onto their trucks for transport to where they need to use them. Sometimes though, the materials have to be moved over greater distances. If materials need to be moved a long way, we might use boats, trains or barges to move them.
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As you can see, making little rocks out of big rocks isn’t as easy as it sounds. At Vulcan Materials Company, we work very hard to be our nation’s best and most environmentally friendly producer of construction materials. We are committed to doing things right, every day, through every step in the process of making rocks. We take important steps to make sure that our employees and neighbors are safe and the environment is protected. We hope you enjoyed learning about how a quarry operates. If you have any questions, please contact us at learning@vmcmail.com.
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