SOUTH CAROLINA STUDIES

       Unit 5; Day 5
THEME = RESOURCES OF THE COASTAL PLAIN                                SOCIAL STUDIES

LESSON TITLE: Reclaiming and Restoring Mining Sites 
OBJECTIVES: Students will be able to compare and contrast reclaimed and abandoned quarry sites.
PRIMARY STANDARDS ADDRESSED: Social Studies 8th -  8.7.2, 8.7.4, 8.9.4
PRIOR SKILLS REQUIRED: ability to interpret land cover from colors on infrared aerial photographs 
TEACHER BACKGROUND INFO:  SC MAPS Teaching Manual, pg. 3C-6,7,8, pg. 4B-4, and pg. 44;


Action for a Cleaner Tomorrow (Grades 6-12) – published by SC DHEC – pg. 47-48
LOGISTICS: 1 @ 50-minute class – teacher-led discussion followed by work in collaborative groups.
MATERIALS:  6 @ Kings Mountain Topographic Map (SC MAPS); 6 @ Kings Mountain Lithograph (SC MAPS); 6 @ Graniteville Topographic Map (SC MAPS); 6 @ Graniteville Lithograph (SC MAPS); wet-erase pens; 6 @ copies of Student Work Sheet
PROCEDURES:

   1. Hold up a copy of the Graniteville Lithograph and point to the kaolin mine in the upper left-hand corner of the photograph.  Ask students to think about how big that mine could get.  In other words, ask them to consider how much wider, how much longer, and how much deeper the mine could become before the mining companies finally stopped digging.  Ask students to list on a piece of paper the one or two factors they think are most important in determining when to stop mining.  After students have had a few minutes to think about the problem and write down some answers, lead a class discussion in which students share their answers and evaluate the importance of each factor.  Write the suggested factors on the blackboard (or use overhead projector) in the order in which they are given.  Following the discussion, ask students to vote on which factor they think is most important in the specific case of the Graniteville mine.  Tally the vote results and write the number of votes next to the factor listing.
   2. Explain to the class that the Graniteville mine is no longer operating, but that it is now being used as a landfill.  Ask students to think of some other possible uses of a quarry site once mining has stopped.  Discuss which ideas are practical and which are not.  Tie in legal requirements and community zoning.
   3. Divide the class into 6 groups and provide each group with a copy of the Student Work Sheet, as well as the Kings Mountain Topographic Map, the Kings Mountain Lithograph, the Graniteville Topographic Map, the Graniteville Lithograph, and a number of wet-erase pens.  
   4. Have students read Case Study #1 and Case Study #2 (on Student Work Sheet) and locate the specific referenced sites on both the Kings Mountain Topographic Map and the Kings Mountain Lithograph.  Groups should make whatever notes they need to help them recognize reclaimed and un-reclaimed mining sites from the information on the infrared aerial photographs.  Tell them that they will use this information later to help them interpret the reclamation status of several of the Graniteville mines.  
   5. Have students read “Kaolin Mining and Environmental Restoration” on the back of the Student Work Sheet.  Ask groups to locate each mine site and try to identify the specific reclamation features addressed in the narrative.  Also ask them to locate other mining sites (refer to topographic map as needed) on the Graniteville photo and determine whether these are still active or have been reclaimed.
SAMPLE CULMINATING ASSESSMENT:   
   - Multiple Choice Question on test:  

Which is NOT a common procedure when properly reclaiming an abandoned mine site?

a. fill in main quarry pit with dirt and debris
c. close and board up old mine buildings

b. cover concrete or asphalt with topsoil

d.  bulldoze area to even out ground slope 
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 STUDENT  WORK  SHEET

LESSON TITLE: Reclaiming and Restoring Mining Sites
a.  Locate the large quarry near the left edge of the main Kings Mountain topographic map (just below Interstate Highway 85).  This is the original Campbell Limestone quarry.  Locate this same quarry on the Kings Mountain Lithograph (the quarry is now inactive and filled with water).  Also locate the ‘new’ quarry (1/2 mile northeast of the old quarry) on the lithograph.  This is the same quarry that is shown in the enlarged inset photo in the upper left-hand corner of the page.  Read the case study below and locate all the features that are mentioned.  Compare the dates of the topographic map and the photo.
CASE STUDY #1 – KINGS MOUNTAIN STUDY AREA
Vulcan Materials - Blacksburg Quarry (just south of Grover, NC)


The Campbell Limestone Company began to produce marble at this site to meet the booming industrial and agricultural demand for lime.  Production started in 1954 and continued until 1978 at the original site when the mine was sold to Vulcan Materials.  In 1978, Vulcan Materials moved to a new site, half-mile away, which was discovered by following the orientation of the marble rock. The marble ore has an orientation of southwest to northeast.  Joining the two quarry sites proved impossible because of landowners who were established on the intervening ground.  In the mid 1980's, because mining operations were nearing the property line of the landowners, and because they were running out of high quality rock, Vulcan Materials began exploring other nearby properties for additional concentrations of high quality marble they could mine.


At this new site, once the land had been purchased, five years of research still had to be performed before digging and drilling could be started.  After exploratory drilling revealed the exact location of the ore, the land was stripped of trees and excavation of the overburden (loose rock and soil) began.  This material was placed away from the quarry to avoid the possibility of it being eroded back into the active pit.  To help insure stability, and to comply with new environmental standards, the overburden was seeded with grasses and small plants.  During any strip mining operation, a number of potential hazards must be anticipated.  Falling rocks are controlled by terracing the sides of the quarry, and hard hats are worn by all personnel at all times on the site.  Flooding is controlled by pumping out the excess water, and road dust is controlled by frequent sprinkling of water.  Most quarries have a separate area for service and repair of heavy equipment.  All large oil or gas containers must have their own retention basins to contain any spills that might occur.


After the mine has run out of material to produce, the mine site must be restored to an environmentally stable situation, in harmony with the surrounding properties.  If the site is being vacated completely, then all structures must be removed and any concrete left must be covered by 5 feet of topsoil.  The slope going down to the mine edge has to have a maximum ratio of 3:1 with a shelf at the quarry edge.  The whole property must be enclosed with fence and barbed wire if the quarry is to remain empty.  All of this remedial work must be planned and approved before the first shovel touches the ground.  The original Campbell Quarry already has been filled in and is now a lake.  The surrounding areas have been seeded and planted with trees and other plants that are indigenous to the area.  This restoration blends in with the landscape of the surrounding area.  


Most of the Gaffney marble is taken from the quarry and crushed into various sizes for sale as road gravel.  A small portion is used to produce agricultural lime.  In 1997, the active mine removed 600,000 tons of rock, which breaks down to about 75 truckloads a day.  Only 15-20% of this material is waste, and most of this ends up in settling ponds.  Eventually these ponds also will be environmentally restored after being covered with topsoil and seeded with grass.  

b.  Locate Henry Knob Mountain in the lower right-hand corner of the Kings Mountain Topographic map.  Also locate this same site on the Kings Mountain Lithograph.  Read the case study below and locate all features that are mentioned.  Compare the date of the topographic map to the photo.
Case Study #2 – KINGS MOUNTAIN STUDY AREA
Henry Knob Kyanite Mine (Southeast of Kings Mountain)


Henry Knob was once the highest point in York County.  Composed of hard quartzite rock, the mountain was much more resistant to erosion than the surrounding rock, which was composed of a metamorphosed mud rock called schist.  However, the quartzite rock also contained an aluminum-rich mineral known as kyanite, and in 1935 some enterprising miners began carving up pieces of the mountain to extract and process this valuable mineral.  Production increased greatly after 1948 to the extent that, for the most of the 1960's, South Carolina was the second largest producer of kyanite in the entire country.  By the time mining operations ceased, in 1966, the top of the knob had been completely removed and its elevation was lowered by over 300 feet.  The main excavation pit cut almost all the way through the hill from one side to the other.


Kyanite is a hard, bluish mineral which has a very high melting point.  It is used in the manufacture of ceramic items, such as spark plugs, which must withstand not only high temperatures, but sudden changes in temperature as well.  Although the mineral itself is non-toxic, the refining process uses a highly acidic liquid, which was collected in open pits and left to seep into the groundwater system.  The leftover rock waste, or tailings, was likewise dumped over large areas of the hillside.  At the time of the closing of the mine, close to 2,000 acres of land had been turned into a dead zone with high levels of contamination all around.


When the Henry Knob Kyanite mining operation became unprofitable, the operators simply left the area with no clean-up and no attempt at reclamation.  In most mine closings, the owners will either allow the open pit to fill with water and become a lake or they will fill the pit with trash and tailings and turn it into a landfill.  But in the case of Henry Knob, various buildings and parts of buildings were left standing, concrete and other foundation structures were left in place, unburied, and rock waste from screening ponds was left covering most of the perimeter of the site.  Some of this material still washes into nearby streams every time it rains.


Fortunately, after decades of neglect, nature has begun to reclaim portions of Henry Knob.  Vegetation is slowly starting to cover some of the tailing areas, but it will be a very long time before this corner of York County can again blend in harmoniously with its surroundings.
Kaolin Mining and Environmental Restoration – GRANITEVILLE STUDY AREA

All of the kaolin mining in South Carolina is surface, or open-pit, mining.  This type of mining is very economical for the industry, but often leaves large holes in the ground which are unsightly and can be dangerous as well.  South Carolina law now requires that such areas be reclaimed to become farm lands, woods, lakes, or pasture land.  Often, industry representatives and civic leaders can come up with innovative ways to use abandoned kaolin mines.  In the Graniteville area, several examples of such innovation can be seen on the infrared image.  The large mine west of the golf course and north of Langley Pond is currently being used as a landfill for construction waste such as scrap wood and wallboard, roofing materials, cinderblock, and brick.  As material is added to the pit, it is covered periodically with dirt.  Eventually the pit will be filled in completely and planted in grass or trees.


Another abandoned kaolin mine, just visible along the southern boundary of the lithograph, is being used as a sanitary landfill for household trash and garbage.  This material is covered with dirt daily and planted with grass.  The older part of this landfill has been outfitted with wells and pipes to collect methane gas generated from the decaying waste.  The existing field has a total of twenty-two wells and a newly covered adjacent field contains an additional four wells.  The methane gas is collected, piped across the highway, and used by an operating kaolin processing plant to heat the ovens which dry the kaolin clay for industrial use.  This landfill will be producing methane gas for many years even after it has been completely filled, covered and landscaped. 
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1.  Hold up a copy of the Graniteville Lithograph and point to the kaolin mine in the upper left-hand corner of the photograph.  Ask students to think about how big that mine could get.  In other words, ask them to consider how much wider, how much longer, and how much deeper the mine could become before the mining companies finally stopped digging.  Ask students to list on a piece of paper the one or two factors they think are most important in determining when to stop mining.  After students have had a few minutes to think about the problem and write down some answers, lead a class discussion in which students share their answers and evaluate the importance of each factor.  Write the suggested factors on the blackboard (or use overhead projector) in the order in which they are given.  Following the discussion, ask students to vote on which factor they think is most important in the specific case of the Graniteville mine.  Tally the vote results and write the number of votes next to the factor listing.

    Answers will vary.  Some examples of good answers are:

- run out of high-quality material to mine
- rock or mineral material gets too deep to dig it out economically

- mine reaches road or developed area where other land uses are more important

- price of buying surrounding land is too expensive for company to make a profit in mining
     In the Graniteville situation, the surrounding land uses don’t pose much of a limiting factor, so the availability of high-quality kaolin is probably the key factor.  These are sedimentary rocks, so the kaolin is limited to certain layers.  
2. Explain to the class that the Graniteville mine is no longer operating, but that it is now being used as a landfill.  Ask students to think of some other possible uses of a quarry site once mining has stopped.  Discuss which ideas are practical and which are not.  Tie in legal requirements and community zoning.

    Answers will vary.  The most common use of an old quarry is a landfill.  Sometimes, the property is developed as a park or recreational area or as a nature or wildlife preserve.  Some students will come up with more exotic answers such as a shooting range for target practice.  Depending on the surrounding land use, some solutions will be politically unpopular or financially impractical; others will be favored by the community.  Some students will suggest use as a ‘swimming hole’ which sounds good except the quarry lake will be very deep and the rock walls may be unsafe.
3. Divide the class into 6 groups and provide each group with a copy of the Student Work Sheet, as well as the Kings Mountain Topographic Map, the Kings Mountain Lithograph, the Graniteville Topographic Map, the Graniteville Lithograph, and a number of wet-erase pens.
    Note that the Kings Mountain region is NOT in the Coastal Plain of South Carolina.  However, the case studies of the quarries in this area are very similar to the quarry situations common in the Sandhills and Coastal Plain areas.
4. Have students read Case Study #1 and Case Study #2 (on Student Work Sheet) and locate the specific referenced sites on both the Kings Mountain Topographic Map and the Kings Mountain Lithograph.  Groups should make whatever notes they need to help them recognize reclaimed and un-reclaimed mining sites from the information on the infrared aerial photographs.  Tell them that they will use this information later to help them interpret the reclamation status of several of the Graniteville mines.
    The most important feature to notice is the presence or absence of vegetation.  A whitish looking region probably indicates either bare rock or the presence of tailings piles of waste rock and other debris.  A reddish color indicates vegetation (which usually means the mine site has been reclaimed).  The Kings Mountain NHAP infrared photograph has very poor color contrast so the red is hard to see (it looks more greenish) but it is very different from the ‘white’ areas.
     a.  Locate the large quarry near the left edge of the main Kings Mountain topographic map (just below Interstate Highway 85).  This is the original Campbell Limestone quarry.  Locate this same quarry on the Kings Mountain Lithograph (the quarry is now inactive and filled with water).  Also locate the ‘new’ quarry (1/2 mile northeast of the old quarry) on the lithograph.  This is the same quarry that is shown in the enlarged inset photo in the upper left-hand corner of the page.  Read the case study below and locate all the features that are mentioned.  Compare the dates of the topographic map and the photo.

    The topographic map is dated 1971.  At that time only the old Campbell quarry was operating.  The NHAP aerial photograph is dated 1983.  The blue color clearly indicates the old quarry has filled with water and is now a lake.  Most of the surrounding area is forested; the non-forested areas are not ‘white’ in color indicating that we are not looking at bare ground but probably fields covered with grass (remember the aerial photograph is taken during the winter when some grasses die back).  There are no visible structures on the property.  
     The new quarry is visible on the 1983 NHAP photo and also on the enlarged inset photo (NAPP 1994).  There is much more bare rock present (white color) and many structures are visible – especially in the inset photo.  Several differences in the 1983 and 1994 photos are evident if you look closely.  Several of the ponds show a more milky-blue coloration, indicating lots of sediment in the water – another indicator of active mining going on.
     b. Locate Henry Knob Mountain in the lower right-hand corner of the Kings Mountain Topographic map.  Also locate this same site on the Kings Mountain Lithograph.  Read the case study below and locate all features that are mentioned.  Compare the date of the topographic map to the photo.

    The topographic map is dated 1971, the aerial photograph is dated 1983.  Note the depression contours separating the two ‘peaks’ of the hill and the location of the ‘industrial waste ponds’.  On the NHAP photo, note that the ponds no longer contain water, but have filled up completely with waste sediment (white coloration), and that the mining area itself still shows bare rock (white coloration) and the mining roads – and possibly some other structures – are still visible.  You can tell that vegetation has begun to cover some areas, but most of the landscape is still barren.
5. Have students read “Kaolin Mining and Environmental Restoration” on the Student Work Sheet.  Ask groups to locate each of these mine sites and try to identify the specific reclamation features addressed in the narrative.  Also ask them to locate other mining sites (refer to topographic map as needed) on the Graniteville photo and try to determine whether these are still active or have been reclaimed.

    The ‘landfill’ quarry is visible on both the topographic map and the infrared aerial photograph.  The other quarry (reclaimed for methane production) is only found on the lithograph (it is below the bottom margin of the topographic map).  Several other quarries on the topographic map are not included in the area of the photograph.  The small double quarry -  just to the northeast of the ‘landfill’ quarry – seems to be an active mine (at least in 1989, the date of the photo). 
SAMPLE CULMINATING ASSESSMENT:   

   - Multiple Choice Question on test:  



Answer = ‘c’
Which is NOT a common procedure when properly reclaiming an abandoned mine site?


a. fill in main quarry pit with dirt and debris
c. close and board up old mine buildings

b. cover concrete or asphalt with topsoil

d.  bulldoze area to even out ground slope 

    Although ‘closing up and boarding up old mine buildings’ may sound OK, it is actually illegal in South Carolina.  When restoration is done to a mining site, all buildings must be completely destroyed and removed from the premises.  No structure should be left standing if the reclamation is done properly.
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