
Performance Based Learning and Assessment Task 
 

Exploring Coal Pillar Mining 
I. ASSESSSMENT TASK OVERVIEW & PURPOSE:  

The purpose of this activity is to assess the students’ ability to calculate volume and 
surface area of a complex three dimensional object. Then using this information, the 
students will be responsible for using percentages to calculate data needed in the coal 
industry.  

II. UNIT AUTHOR:  
Cindy Owens, Twin Valley Elementary/Middle School, Buchanan County, VA 

III. COURSE:  
Geometry 

IV. CONTENT STRAND: 
Geometry 

V. OBJECTIVES: 
Students will be able to: 1)Find the maximum volume of a complex three dimensional 
object/space, 2) Create a scale drawing (blueprint) of a coal bed that will maximize profit 
and safety for the company, 3) Use surface area to solve practical problems 

VI. REFERENCE/RESOURCE MATERIALS:   
Students will use: Geometry SOL formula sheets, Calculators, Exploring Coal Pillar 
Mining task sheets, Graph paper, Pencils, Colored pencils or markers, Rulers, The 
pictures/diagrams of coal pillar mining practices, Websites for background information 
on coal mining resources (these resources include information on coal mining in 
Buchanan County, VA: Cedar, Inc. : Coal Education Development and Resource 
http://www.cedarinc.org, Coal in Virginia 
http://www.virginiaplaces.org/geology/coal.html 

VII. PRIMARY ASSESSMENT STRATEGIES:  
The task includes an assessment component that performs two functions: 
(1) for the student it will be a checklist and provide a self-assessment and 
(2) for the teacher it will be used as a rubric 

VIII. EVALUATION CRITERIA:  
Students will complete the tasks found the attached activity. Student performance on 
the tasks will be assessed by using the attached rubric 

IX. INSTRUCTIONAL TIME: 
60 minutes instructional time 
 

 

  

http://www.cedarinc.org/
http://www.virginiaplaces.org/geology/coal.html


Exploring Coal Pillar Mining 
Strand 
Geometry 
 
Mathematical Objective(s) 
Students will be asked to: 1)Find the maximum volume of a complex three dimensional object, 
2)Create a scale model (blueprint) of a coal bed that will maximize profit and safety for the 
company, 3)Use surface area to solve practical problems. 
 
NCTM Standards 

• analyze properties and determine attributes of two- and three-dimensional objects 
• explore relationships (including congruence and similarity) among classes of two- 

and three-dimensional geometric objects, make and test conjectures about them, 
and solve problems involving them 

• draw and construct representations of two- and three-dimensional geometric 
objects using a variety of tools 

• visualize three-dimensional objects and spaces from different perspectives and 
analyze their cross sections 

• use geometric models to gain insights into, and answer questions in, other areas of 
mathematics 

• use geometric ideas to solve problems in, and gain insights into, other disciplines 
and other areas of interest such as art and architecture 

• understand and use formulas for the area, surface area, and volume of geometric 
figures, including cones, spheres, and cylinders 

 
Additional Objectives for Student Learning 
Earth Science Standard: 
ES.6 The student will investigate and understand the differences between renewable and 

nonrenewable resources. Key concepts include: 
a)   fossil fuels, 
b)  resources found in Virginia; and 
c)   environmental costs and benefits. 

 
Materials/Resources 

o Geometry SOL formula sheets 
o Calculators 
o Exploring Coal Pillar Mining task sheets 
o Graph paper 
o Pencils 
o Colored pencils or markers 
o Rulers 
o The pictures/diagrams of coal pillar mining practices. 



o Websites for background information on coal mining resources (these resources include 
information on coal mining in Buchanan County, VA): 

• Cedar, Inc. : Coal Education Development and Resource 
http://www.cedarinc.org 

• Coal in Virginia 
http://www.virginiaplaces.org/geology/coal.html 

• U.S. Department of Energy Office of Fossil 
Energy Forrestal Building 
1000 Independence Avenue, SW 
Washington, DC 20585 

http://energy.gov/fe/about-us/students-and-teachers/study-guides-and-activities 
• Wikipedia 

http://en.wikipedia.org/wiki/Room_and_pillar 
 
Assumption of Prior Knowledge 
Students should be familiar with using: 
o VA DOE Geometry formula sheet 
o formulas to calculate the volume of a three dimensional object 
o percentages to calculate parts of a whole 
o proportional reasoning and scale drawings 
 
Introduction: Setting Up the Mathematical Task 
 
Teachers should explain the following background information to the students: 
 

 

http://www.cedarinc.org/
http://www.virginiaplaces.org/geology/coal.html
http://energy.gov/fe/about-us/students-and-teachers/study-guides-and-activities
http://en.wikipedia.org/wiki/Room_and_pillar


 
 
Information and illustrations provided by:  U.S. Department of Energy (cited in resources above) 
Students will complete the tasks in groups of 2 or 3. 
 
Student Exploration 
Individual Work 
Each individual student will be responsible for contributing to the necessary calculations and 
recording keeping needed to complete each tasks assigned. 
 
Small Group Work 
Each task assigned will be completed in groups of 2 or 3 students. Groups are expected to work 
together on all necessary calculations and construction needed to complete the task assigned. 
 
Whole Class Sharing/Discussion 
Students will share their results with the class after completing the tasks. This would be a good 
time for the teacher to use any discrepancies in different group results to open mathematical 
discussions about the tasks performed in the activity. 
 
Student/Teacher Actions 
Mining Task #1 
Students will need to create a blueprint of a coal bed. This blueprint should maximize the 
company’s profit while upholding all necessary mining safety regulations. Students will need to 
create and sketch a scale model (the blueprint). Students will need to calculate volume and 
surface area of complex three dimensional objects/space to complete this task. The teacher 
should be monitoring the groups to look for group collaboration and communication. 
Questions can be posed to students who are struggling on task, such as, “How could you use 
placement of the coal pillars to help you mine the most earth?” 
 
Mining Task #2 
Students will need to use the data that they calculated from task #1 to now find the amount 
of mined earth (and coal profit) that their blueprint will yield. The teacher should be 
monitoring the groups to look for group collaboration and communication. Questions can be 



posed to students who are struggling on task #2, such as, “What information does your 
blueprint provide that will help you to complete this task?” 
 
Mining Task #3 
Students will need to use their knowledge of surface area to calculate the amount/cost of 
materials needed to support the coal pillars. The teacher should be monitoring the groups to 
look for group collaboration and communication. Questions can be posed to students who are 
struggling on task #3, such as, “How could you use patterns in determining the information that 
you need to find in this task?” 
 
Monitoring Student Responses 
The teacher should monitor group progress as they work on each assigned task. The teacher 
should not give answers to working groups. Instead he/she should propose guiding questions to 
struggling student groups to help them come to a reasonable conclusion.\ 
 
Assessment List and Benchmarks 
Assessments and rubrics are attached. 
  



 

Students will be assessed by using the following rubric. 
 

Task Assessed: 3 2 1 0 
Mining Task #1 
Students will need to create a 
blueprint of a coal bed. 

Blueprint is 
complete, and 
accurate 

Blueprint is 
Partially 
complete, 
and accurate 

Attempted to 
blueprint but 
scale was 
incorrect 

Task not 
completed: 
left blank 

Mining Task #1 
Students will need to 
determine how much of the 
mined earth their blueprint 
will yield that is actually 
profitable coal. 

All 
calculations 
are shown, 
complete, and 
accurate 

Partial 
calculations 
are shown, 
complete, and 
accurate 

Attempted to 
complete tasks 
but calculations 
were incorrect 

Task not 
completed: 
left blank 

Mining Task #2 
Students will need to find the 
amount of mined earth (and 
coal profit) that their blueprint 
will yield. 

All 
calculations 
are shown, 
complete, and 
accurate 

Partial 
calculations 
are shown, 
complete, and 
accurate 

Attempted to 
complete tasks 
but calculations 
were incorrect 

Task not 
completed: 
left blank 

Mining Task #3 
Students will need to use their 
knowledge of surface area to 
calculate the amount/cost of 
materials needed to support 
the coal pillars. 

All 
calculations 
are shown, 
complete, and 
accurate 

Partial 
calculations 
are shown, 
complete, and 
accurate 

Attempted to 
complete tasks 
but calculations 
were incorrect 

Task not 
completed: 
left blank 

 
 

Total score: 



What is Coal Pillar Mining? 
 

 
 
 

Diagram of an 
underground mining 
operation. 

 
 
 
 
 
 
 
 
 

Diagram of the coal pillar 
method of underground 
mining. 



Exploring Coal Pillar Mining 
 

As chief engineer of operations of the local coal company you must determine the 
amount of coal that can be safely mined from a designated coal bed. You are provided with a 
map of the coal bed to be mined. You are also responsible for designing a layout that will 
maximize the amount of the coal that can be mined for a profit. Most importantly! You will 
need to include the appropriate coal pillars in your design that are needed to ensure the mining 
crew’s safety. (Note: You will need to use the information from the activity Coal Silos: Storing 
Energy for Tomorrow to help with your work). 

Map of coal bed to be mined for profit: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Scale 1 cm = 1,625 ft. Height of coal bed is 15ft. 

These parameters are in place to ensure the safety of the mining crew: 

Each pillar should have the following dimensions to provide safe working conditions. All pillars 
cannot be more than 60 ft. from any other pillar (in any direction). 

 
 

60 ft. 
 
 
 

15 ft. 
 
 
 

40 ft. 



Pillar Task #1: 
 
Design a coal pillar based underground mining blueprint that will keep your crew safe and help 
your company to make the best profit possible. Create a top view sketch of your blueprint 
(mining plan) on your graph paper. Make sure to provide all the necessary labeling (and scale) 
in your sketch to prove you followed all the coal pillar mining safety regulations. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Pillar Task #2: 

 
Calculate the maximum amount of mined earth that your pillar mining blueprint will yield for 
the company. Approximately 25% of the mined earth that is brought to the surface is 
considered to be “reject” (or a non-coal substance). Using this information determine how 
much of the mined earth your blueprint will yield is actually profitable coal. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Pillar Task #3: 

 
The exterior wall of each coal pillar will need to be supported by steel beams. The cost of this 
material is $61.30 per 5 feet. Each side of the pillar must have at least one vertical steel beam to 
provide the appropriate amount of support to keep the mine safe. Calculate the least amount 
of steel beams you would need to support your coal pillars. Then, determine what the how 
much the steel beams needed to provide a safe working environment will cost 


