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Build a Natural Gas Pipeline 

Subjects Science, Language Arts, CTE

Duration Preparation: 10 minutes | Activity: 40 - 60 minutes, may be split over multiple days

Setting Classroom

Objectives 1. Define a simple design problem to build a model natural gas pipeline with specified 
criteria and constraints.

2. Generate and compare multiple possible solutions to a problem based on how well 
each is likely to meet the criteria and constraints.

3. Plan and carry out fair tests in which variables are controlled and failure points are 
considered to identify aspects of the model that can be improved.

4. Write a summary describing how the group analyzed the problem, the solution to the 
problem decided upon, and the results of testing with suggestions for improvement. 

5. Create a visual or audio public service announcement that includes the following 
topics: safety rules and regulations regarding transmission of natural gas in pipelines 
as well as mercaptan, signs of a natural gas leak, what to do and what not to do if you 
suspect a natural gas leak.

Materials 
• Copies of the student sheet 

• Goggles for each student

• One container to hold model per group

• 60 mL per group (equal to 12 teaspoons or 4 tablespoons) of vinegar solution, dyed blue

• Needleless syringe, 60 mL is optimal (may be shared among groups if disinfectant cleaning is used)

• Small water balloons

• Four bendable straws per group

• Measuring scoop or spoon (may be shared among groups if disinfectant cleaning is used)

• 5 mL baking soda (equal to 1 teaspoon)

• Sand or soil to fill containers to a depth of one inch (amount depends on the container chosen)

• Masking tape and other adhesives such as duct tape or electrical tape

• Low temperature glue guns (may be shared among groups if disinfectant cleaning is used)

• Glue sticks, average two per group

• Rulers

• Scissors

• Other materials of your choice students may find useful in connecting the straws or holding them in 
place

Scientific Terms for Students
• City gate: As a pipeline nears a city, some natural gas is diverted through the city gate where its 

pressure is reduced and it is measured and sold to the local natural gas company. Mercaptan is added 
by the gas company at the city gate. From the city gate or other distribution pipelines, the natural gas 
company distributes the natural gas through an underground network of smaller pipelines.

• Mains: Underground pipelines that connect city gates to smaller pipes that go to individual buildings
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Educator Background
Natural gas is delivered to North American consumers 
through a network of underground pipes 3 million miles 
long. As natural gas leaves the processing plant, it 
enters a compressor station where it is pressurized. As 
natural gas flows through the pipeline, it rubs against 
the inside walls of the pipe and the friction reduces 
the pressure and slows the gas. This loss of pressure 
is made up at compressor substations every 50 to 100 
miles. Valves are used to control pressure and cut off 
flow in an emergency such as a break in the line or a fire. 
Distributors add a stinky chemical called mercaptan to 
the purified natural gas so a leak can be detected.

Transmission pipelines may be as large as 56 inches in 
diameter, but most are 20 to 30 inches. The diameter is 
largely a function of the “peak demand,” which is set by the number of users and the time of year. The pipes must 
be large enough to handle sufficient quantities of natural gas to meet the needs of consumers during the high 
peak use periods — typically the winter months when natural gas heating drives up usage.

As a pipeline nears a city, some natural gas is diverted through a city gate, where its pressure is reduced, and it is 
measured and sold to the local natural gas company. From the city gate or other distribution lines, the natural gas 
company distributes the natural gas through an underground network of smaller pipelines called mains. Still smaller 
pipes connect the mains directly to end users — homes, schools and businesses. There, the natural gas flows through 
meters which measure the exact amount of natural gas used and the natural gas company bills the user. Learn more at  
ingaa.org, the website for the Interstate Natural Gas Association of America. 

Instructor Prep
1. Print the “Build Natural Gas Pipeline Student Sheet” for each student group.

2. Collect the materials listed for student use, plus a small funnel.

3. Using the funnel and a measuring spoon, scoop 5 mL (1 teaspoon) of baking soda into enough water 
balloons for each student group, plus a couple of extras in case of breakage.

4. Caution: Because vinegar is used, goggles should be worn to protect eyes in case of leakage at the 
balloon or while inserting vinegar into the straw with the syringe.

5. Optional – place about an inch of sand in each group’s container to save time.

Activity Procedure: Part One
1. As a group, brainstorm what a gas company has to consider when deciding where to put pipelines. 

Some factors include materials costs, labor costs, environmental impact and safety concerns.

2. Pass out the student sheets.

3. Have students use the sheet to decide where they would place a natural gas pipeline to connect the 
house to the city distribution line. They need to consider the factors from your brainstorming session. 
Each square they pass through has a cost based on what is in the square.

4. When the groups are finished, discuss the results. Relate this exercise to economics and opportunity 
costs.

Activity Procedure: Part Two
1. Explain to students that they will be pipeline workers trying to connect a new home to the city gate. 

They must work within the following constraints:

a. The pipeline must make two turns to get to the gate, one to turn the pipe down into the earth 
and one to turn it sideways to meet the pipe at the house. 

The US natural gas pipeline system stretches over two million 

miles, connecting to pipelines in Canada and Mexico.

(Map courtesy of the U.S. Energy Information Administration.) 
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b. They cannot use more than four straws.

c. They must budget $200 for each half inch of straw that they use. 

d. The gate is on one end of the container you will provide. It must have a straw section that sticks 
straight up for injection of the natural gas.

e. The house is on the opposite side of the container and will be represented by a water balloon 
with 5 mL of baking soda placed inside of it.

2. Give student groups a container with a thin layer of sand, a ruler, a marker, four bendable straws, 
a piece of graph paper and a water balloon. If you want to make the activity more challenging, add 
obstacles such as trees, a modeling clay pond, etc.

3. Have students look at the adhesives and other materials you have available and decide which items 
they would like to use to connect their straws and secure them. They can use any of the materials you 
have provided, but only four straws. 

4. Give students time to work on a solution to the problem.

5. Before students actually build the pipeline, they should measure the length of one of their straws to 
the nearest half inch. This distance should be multiplied by four to get the total number of half inches 
of pipe they have. Remember that they will be charged by the half inch.

6. Have students build their pipeline, keeping all of the unused straws and straw pieces. They will use 
them at the end. 

7. Test the pipelines by having students:

a. Wear goggles at all times when handling vinegar solution to protect eyes.

b. Connect the water balloon with baking soda to the house side of the container.

c. Provide them with a container of blue vinegar water and a syringe.

d. Have students prop the container up on a book at the city gate end. Gravity will take the place 
of the pressure in a real natural gas pipe. All groups need to use the same book thickness, so a 
textbook works well.

e. Have students fill the syringe all the way to the top, then inject the vinegar water into their 
straw at the city distribution line. 

f. If the test is successful, the liquid will reach the balloon. If there are leaks, they should be 
obvious based on both the blue color and the odor of the vinegar. This is similar to how we can 
find leaks in a real gas pipeline.

8. When the groups are finished testing, you can allow them to modify their designs, but they cannot 
have any more straws.

9. After all testing is complete, each group should use the ruler again to find the total number of half 
inches of straw they have leftover. To find the price of their pipeline, they subtract this number from 
the starting total and multiply the answer by 200.

10. Discuss the results. What materials were best to hold the straws in place? What materials were best to 
join straws together? Have students share the cost of their pipeline. How could/did students improve 
their results?

Wrap-up
• Have students write a paragraph on how the group analyzed the problem, the solution to the problem 

decided upon and the results of testing with suggestions for improvement. 

• Have students work in groups to create a visual or audio public service announcement about natural 
gas safety including topics such as safety rules and regulations regarding transmission of natural gas 
in pipelines, mercaptan, signs of a natural gas leak, what to do and what not do to if you suspect a 
natural gas leak.  

• Use the U.S. Energy Mapping System to see how Indiana pipelines connect to the rest of the nation 
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and discuss how Indiana is interdependent with other states.

Extensions
• Do the “Pipelines in your Neighborhood and Contacting 811” activity if you have not already done so 

to explore how natural gas is transported safely to millions of homes and businesses in Indiana.

Science Standards Addressed

SCIENTIFIC & ENGINEERING PRACTICES
Developing and Using Models 
Modeling in 9 – 12 builds on K – 8 and progresses to using, synthesizing and developing models to predict and 
show relationships among variables between systems and their components in the natural and designed worlds. 

• Develop and use a model based on evidence to illustrate the relationships between systems or 
between components of a system. (HS-PS3-2), (HS-PS3-5) 

Planning and Carrying Out Investigations 
Planning and carrying out investigations to answer questions or test solutions to problems in 9 – 12 builds 
on K – 8 experiences and progresses to include investigations that provide evidence for and test conceptual, 
mathematical, physical and empirical models. 

• Plan and conduct an investigation individually and collaboratively to produce data to serve as the 
basis for evidence, and in the design: decide on types, how much, and accuracy of data needed to 
produce reliable measurements consider limitations on the precision of the data (e.g., number of trials, 
cost, risk, time) and refine the design accordingly. (HS-PS3-4)

Using Mathematics and Computational Thinking 
Mathematical and computational thinking at the 9 – 12 level builds on K – 8 and progresses to using algebraic 
thinking and analysis, a range of linear and nonlinear functions including trigonometric functions, exponentials 
and logarithms, and computational tools for statistical analysis to analyze, represent and model data. Simple 
computational simulations are created and used based on mathematical models of basic assumptions. 

• Create a computational model or simulation of a phenomenon, designed device, process or system. 
(HS-PS3-1)

Constructing Explanations and Designing Solutions 
Constructing explanations and designing solutions in 9 – 12 builds on K – 8 experiences and progresses to 
explanations and designs that are supported by multiple and independent student-generated sources of 
evidence consistent with scientific ideas, principles and theories. 

• Design, evaluate and/or refine a solution to a complex real-world problem, based on scientific 
knowledge, student-generated sources of evidence, prioritized criteria and tradeoff considerations. 
(HS-PS3-3) 

DISCIPLINARY CORE IDEAS
HS-ETS1-A Defining and Delimiting Engineering Problems 
Criteria and constraints also include satisfying any requirements set by society, such as taking issues of risk 
mitigation into account, and they should be quantified to the extent possible and stated in such a way that one 
can tell if a given design meets them.

HS-ETS1.B. Designing Solutions to Engineering Problems 
When evaluating solutions, it is important to take into account a range of constraints, including cost, safety, 
reliability and aesthetics, and to consider social, cultural and environmental impacts. (secondary to HS-ESS3-2, 
secondary to HS-ESS3-4)
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CROSS CUTTING CONCEPTS
Influence of Science, Engineering, and Technology on Society and the Natural World

• Modern civilization depends on major technological systems. Engineers continuously modify these 
technological systems by applying scientific knowledge and engineering design practices to increase 
benefits while decreasing costs and risks. (HS-PS3-3) 

• New technologies can have deep impacts on society and the environment, including some that were not 
anticipated. Analysis of costs and benefits is a critical aspect of decisions about technology. (HS-ESS2-2)

Related Standards

SCIENCE AND TECHNICAL SKILLS STANDARDS
CCSS.ELA-LITERACY.RST.9-10.1 
Cite specific textual evidence to support analysis of science and technical texts, attending to the precise details 
of explanations or descriptions.

CCSS.ELA-LITERACY.RST.9-10.3
Follow precisely a complex multistep procedure when carrying out experiments, taking measurements or 
performing technical tasks, attending to special cases or exceptions defined in the text.

References
NaturalGas.org, naturalgas.org/naturalgas/distribution

EIA, eia.gov/kids

Interstate Natural Gas Association of America, ingaa.org
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Build a Natural Gas Pipeline, Part One 
In this activity, you will:

1. Design a solution to a problem with specified criteria and constraints.

2. Compare multiple possible solutions to a problem based on how well each is likely to meet the criteria 
and constraints.

3. Plan and carry out fair tests in which variables are controlled and failure points are considered to 
identify aspects of the model that can be improved.

Vocabulary
• City gate: As a pipeline nears a city, some natural gas comes through the city gate where its pressure 

is reduced and it is measured and sold to the local natural gas company.

• Mains: Underground pipelines that connect city gates to smaller pipes that go to individual buildings

Procedure
1. Examine the pipeline grid map and rules on the next page.

2. Using a pencil, mark three possible paths for a pipeline to connect the house to the city gate.

3. Determine the cost of each path below:

Count Path 1 Path 2 Path 3

Number of squares the pipe passes through

Number of times the path disturbs trees

Number of times the path crosses a road

Cost

$200 x each square crossed =

$200 x each square with trees =

$300 x each time road is crossed =

Total Cost (add the three rows above) = 

4. Based on the cost and your class discussion, pick the path you will use and trace it with a marker on 
the grid map.

5. Which path did you choose (1, 2 or 3)? 

6. Did anything other than cost influence your choice?  What other things did you consider 
in making your choice?
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Pipeline Grid Map  1 square = 1000 feet = costs $200 to lay pipe

Pipeline Rules: 
• The gas pipeline must go from the city gate and to the customer’s house. 

• Pipes can only run side to side and up and down, not diagonally.

• If your pipe goes through any part of a square, you have to pay for that square. 

• Anytime you pass through a square with trees it costs an extra $200. Anytime you pass under a road 
square it costs an extra $300. 

• If you disturb the eagle nest, there will be protests from many customers.
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Build a Natural Gas Pipeline, Part Two
In this part of the activity you are pipeline workers connecting a new home to the city gate.

Procedure:
1. Get these materials from your teacher: goggles, a container, a syringe, a spoon, a ruler, two pieces of 

masking tape and four bendable straws. Find out where you can get sand if it is not already in your 
container.

2. Put a layer of sand in the box about an inch deep if it is not already done for you.

3. On one piece of tape, write City Distribution Line. On the other write HOUSE. Place the pieces of tape 
at opposite ends of your container.

4. Measure the length of one straw with your ruler and record it here. 

5. You must work within the following constraints:

a. The pipeline must make two turns to get to house from the city gate, one to turn the pipe down 
into the earth at the gate and one to turn it sideways to meet the pipe at the house. 

b. You cannot use more than four straws.

c. You must budget $200 for each half inch of straw used. 

d. The city gate side of the container must have a straw section that sticks straight up for injection 
of the natural gas.

e. The house is on the opposite side of the container, and will be represented by a water balloon 
with 5 mL of baking soda placed inside of it.

f. The pipe cannot leak natural gas into the environment.

6. With your group, decide how you will join your straws together to reach from the city gate to the 
house. Look at the materials your teacher has provided and make a plan.

7. Build your pipeline, saving all the straw pipe pieces. If you have extra pieces of pipe leftover, that is 
money you have saved.

Caution: Because vinegar is used, goggles should be worn to protect eyes in case of leakage at the 
balloon or while inserting vinegar into the straw with the syringe.

Hints: inject some of the “natural gas” fluid into your pipeline before connecting the balloon. Squeeze 
as much air as you can out of the balloon before connecting it.

Questions
1. Track the money you are spending on pipelines and total it below:

Number of half inches of pipe to start with 
- 
Number of half inches of pipe leftover 

Total length of pipe used in half inches =  x $200 = 

2. Did your design work the first time, or did it leak?

3. How could you improve your results?
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SAFETY FIRST — Marker Flag  
and Paint Color Knowledge 

Subjects Science, CTE

Duration Activity: 10 minutes

Setting Classroom 

Objectives Understand the meaning of marker flag colors.

Materials 
• Copies of the student sheet

• Computer

Educator Background
After submitting an online request or calling 811, public utilities will go out to a work site, business or home to 
locate underground utilities such as natural gas pipelines, electric lines, water, sewer, reclaimed or irrigation 
lines and communication lines for TV, cable and fiber optics. Each utility is represented with a different color of 
marker flag or paint. Paint is used on hard surfaces like roads and concrete. 

Classroom Activity
Start a classroom discussion — Have you ever seen colored flags stuck in the ground? Have you wondered what 
they mean? Who put them there? What are they for?

Utilities were asked by a business or homeowner to locate any underground pipelines or utility cables on their 
property before they dig. Contractors, road crews, landscapers, sewer and water repair crews, excavators 
and any other workers who will dig into or remove something from the dirt should contact 811. This request 
protects the workers from injury and death and the pipelines or utility cables from damages. Know what’s 
below. Call 811 before you dig.

Wrap-up
1. Ask students to name other utility devices that are found along the road or in the air that could denote 

the type of utility that might be nearby.

Answers might include: water hydrant, electric meter, pad mount transformer, intersection crossing 
signal, traffic lights, communications/telephone line junction box, cable TV junction box, substation, 
power poles, sewer manhole cover plates, sprinkler heads, water meters, above ground valves for natural 
gas and water.

2. At a jobsite, discuss what should be done if there are no flags or paint marking the area where you are 
to dig. 

Answers might include: DO NOT dig. Call the worksite supervisor for confirmation that 811 has been 
contacted and that they have marked the area as safe because no utilities are in the area. Workers may 
have the wrong date to be able to begin as the utilities have not been marked. Workers might be at the 
wrong address, slight variances with: street versus avenue or SW instead of SE make a difference.

3. At a jobsite, discuss what should be done if some or many of the flags previously marking an area are 
pulled up, scattered around or laying on the ground. 

Answers might include: DO NOT dig. Contact 811 and have the area remarked. Workers cannot rely on 
memory to be sure where underground utilities are buried. 
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Answer Key
1. red - electric, orange - communication, yellow - natural gas

2. orange - communication, green - sewer

3. orange - communication, green - sewer, purple, reclaimed water or irrigation

4. orange - communication, blue - water, yellow - natural gas

5. red - electric, orange - communication, blue - water

6. orange - communication, green - sewer, yellow - natural gas

7. red - electric, orange - communication, yellow - natural gas, green - sewer

8. blue - water, green - sewer
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Student Sheet —  
SAFETY FIRST: Marker Flag and Paint Color 
Knowledge
Study the flag colors and meaning below and determine what utilities are marked in the photos.

1. Hint: number of flag colors in photo - 3     

Blue
Potable Water

Yellow
Natural Gas

Red
Electricity

Green
Sewer

Purple
Reclaimed or 

Irrigation Water

Orange
Communications:

TV, Cable, Fiber-optics

Pink
Temporary Survey

Marker

White
Proposed Dig 

Site
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2. Hint: number of flag colors in photo - 2   

3. Hint: number of flag colors in photo - 3     



5© 2020 National Energy Foundation

4. Hint: number of flag colors in photo - 3     

5. Hint: number of flag colors in photo - 3     

6. Hint: number of flag colors in photo - 3     
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7. Hint: number of flag colors in photo - 4       

8. Hint: number of flag colors in photo - 2      
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Pipelines in Your Neighborhood 
and Contacting 811 

Subjects Social Studies, Technology

Duration Preparation: 5 minutes  
Activity: 30 minutes

Setting Classroom or computer lab 

Objectives 1. Understand the purpose of underground pipelines in Indiana.

2. Understand the purpose of above ground pipeline markers.

3. Understand the purpose of calling 811 before you dig.

Materials 
• Computer with projector or individual computers for student use

• Paper

• Pencil

Scientific Terms for Students
• Transmission pipeline: These are large pipes that are used to transport crude oil and natural gas 

from gathering systems to refining, processing or storage facilities. Transmission pipelines also 
transport refined petroleum products and natural gas to customers, for use or for further distribution. 
Transmission pipelines may be as large as 56 inches in diameter, but most are 20 to 30 inches.

• Distribution pipeline: Smaller, lower pressure pipelines that deliver natural gas to customers

• Hazardous material: Something that is dangerous to living things, such as toxic chemicals

Instructor Background
In the United States nearly 3 million miles of underground pipelines move natural gas from wells to residential 
and commercial customers. If all the natural gas pipelines in the United States were connected to each other, 
they would stretch to the moon and back six times. 

Two basic types of pipelines transport natural gas. High-pressure pipelines (larger than 6 inches in diameter) 
transport natural gas long distances from production areas to local markets. These pipelines account for over 
200,000 miles of pipeline that move gas from state to state and within the boundaries of individual states. 

Smaller pipes owned by local distribution companies deliver natural gas to end users such as homes, businesses 
and natural gas vehicles. To find natural gas pipelines on or near your property, you must contact 811 to have 
them located.

You can find the location of pipelines in your area. The U.S. Department of Transportation has a mapping site, 
which shows the larger pipelines in local communities. Follow the steps on the student sheet to see where 
pipelines are in your neighborhood. 
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Classroom Activity
1. Begin a classroom discussion on transmission and distribution pipelines and what products they 

provided to homes and businesses.

• Are some pipelines located above ground or buried? 

• How do we know where they are located?

2. How is society protected from leaks and potential hazardous materials in pipelines?

Wrap-up
1. Summarize the need for transmission and distribution pipelines vs. the risks associated with pipelines 

located in populated areas.

2. What can society do to mitigate the risks?

Student Sheet Answers
Answers may vary but should contain similar verbiage.

6. c. Pipelines can deliver larger volumes of product than by truck or railway. The product is protected from 
weather and potential traffic delays or accidents.

6. d. By contacting 811, utility companies will come out and mark underground pipelines in your yard.

Natural Gas Safety Questions
1. To show the approximate location of buried utilities 

2. City officials and emergency responders need to know what products pipelines are carrying,  
where they are located and how they can affect the public in an emergency.

3. Contact 811 before you dig or remove dirt from your property every time regardless of any knowledge 
you may have about location of underground utilities.

4. Plan your project. Contact 811. Wait for the marks. Protect the marks. Dig with care.

5.  Yes, yes, yes, yes, yes, no, yes, yes, yes

National Standards Addressed

Disciplinary Core Ideas Cross Cutting Concepts

ESS3.A: Natural Resources  

• Resource availability has guided the 
development of human society. (HS-ESS3-1) 

• All forms of energy production and other 
resource extraction have associated economic, 
social, environmental, and geopolitical costs and 
risks as well as benefits. New technologies and 
social regulations can change the balance of 
these factors. (HS-ESS3-2) 

Influence of Science, Engineering and Technology on 
Society and the Natural World

• Modern civilization depends on major 
technological systems. (HS-ESS3-1),(HS-ESS3-3) 

• Engineers continuously modify these systems 
to increase benefits while decreasing costs and 
risks. (HS-ESS3-2), (HS-ESS3-4) 

• New technologies can have deep impacts on 
society and the environment, including some 
that were not anticipated. (HS-ESS3-3) 

• Analysis of costs and benefits is a critical aspect 
of decisions about technology. (HS-ESS3-2) 
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Student Sheet —  
Pipelines in Your Neighborhood and Contacting 811
Two basic types of pipelines transport natural gas. High-pressure pipelines (larger than 6 inches in diameter) 
transport natural gas long distances from production areas to local markets. These pipelines account for over 
200,000 miles of pipeline that move gas from state to state and within the boundaries of individual states.  

Transmission pipelines are large pipes that are used to transport crude oil and natural gas from gathering 
systems to refining, processing or storage facilities. Transmission pipelines also transport refined petroleum 
products and natural gas to customers, for use or for further distribution. Transmission pipelines may be as large 
as 56 inches in diameter, but most are 20 to 30 inches.

Smaller pipes are owned by local distribution companies. Distribution pipelines are smaller, lower pressure 
pipelines that deliver natural gas to customers. To find natural gas pipelines on or near your property, you must 
contact 811 to have them located.

You can find the location of pipelines in your area. The U.S. Department of Transportation has a mapping site, 
which shows the larger pipelines in local communities. Using a computer, follow the steps below to see where 
pipelines are in your neighborhood. 

1. Go to the Department of Transportation’s National Pipeline Mapping System (NPMS) Public Viewer at 
pvnpms.phmsa.dot.gov/PublicViewer/ (you may have to search for National Pipeline Mapping System 
and click on "Use Public Map Viewer").

2. Choose your state and county at the bottom of the page. 

3. On the next page, make sure all three of the following have checkmarks in the map layers box.

• Blue - “Gas Transmission Pipelines” 

• Red - “Hazardous Liquid Pipelines” (to move any substance that could be dangerous if not 
transported and stored correctly)

• Gold - “Highly Populated Areas” 

4. Lastly, select the “+” icon (magnifying glass with a +) to zoom closer to your neighborhood. If you zoom 
too close, you will not be able to see the pipelines.

5. You can switch between map and satellite view.

6. Answer the following questions: 

a. Is the area in which you live considered a populated area? 

b. What kinds of pipelines are found in your neighborhood: gas or hazardous liquid or both? 

c. Why do you think natural gas is transported through underground pipelines rather than trucked 
on highways or transported by trains? 

d. How can you find out where the smaller distribution pipes are in your own yard? 
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Many buried pipelines used in the transportation of natural gas, petroleum products or other hazardous 
materials are identified by above ground pipeline markers. Pipeline markers are located along certain pipeline 
routes and identify the approximate location of the pipeline. Here are examples of some of these markers:

Natural Gas Safety Questions
1. Why are there above ground pipeline markers? 

2. Why would city officials and emergency responders benefit from knowing where natural gas pipelines are?

3. Research and summarize the national call 811 before you dig message. 

4. What are the five steps to safe digging?

5. Answer yes or no if you would need to contact 811 after reading the following statements.

I would contact 811 before:

a. putting a new mailbox box near the street in front of my house. 

b. removing a tree (roots and all) from my property. 

c. using a backhoe to put in a new septic or sewer line from the street to my house. 

d. building a fence near the property line of my home. 

e. digging a trench for concrete for a new building on my property. 

f. mowing the lawn on my property. 

g. farming (preparing soil, planting or harvesting) newly purchased land near a road or highway. 

h. for electrical work, placing a six-foot copper ground rod for lightning into the ground. 

i. replacing the sidewalk along a busy street in the downtown area of a city. 

Wrap-up
1. Summarize the need for transmission and distribution pipelines vs. the risks associated with pipelines 

located in populated areas.

2. What can society do to mitigate the risks?
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Your Nose Knows!
Grade Level Secondary

Subject Science, CTE

Duration 45 minutes

Setting Classroom

Objectives 1. Use the sense of smell to recognize a dangerous situation.

2. Identify the useful and dangerous properties of natural gas.

3. Recognize the smell of natural gas (using mercaptan stickers).

4. Identify how to recognize a natural gas leak.

Materials
• 25-30 small plastic sandwich bags

• Part 1: water (clear liquid, no odor), vinegar (clear liquid, odor), cider vinegar (colored liquid, same odor 
as vinegar)

• Part 2: Selection of smells could include cooking extracts, flavorings or perfumes and mercaptan 
stickers

• Cotton balls

• Picture of natural gas flame (on a tablet or computer screen)

Scientific Terms for Students
• Mercaptan: Chemical added to natural gas to give it a smell 

• Nontoxic: Not poisonous or toxic 

• Properties: A characteristic of a substance 

• Odorant: A substance giving off a smell 

• Combustible: Able to catch fire or burn easily 

Educator Background
Natural gas is one of the safest, cleanest burning energy sources available. The properties of natural gas make 
it very useful to heat and cook food as well as heat water, homes and schools. 

Natural gas has unique properties that make it useful. It is lighter than air, which means it will dissipate, or 
spread, into the air if a leak occurs. It is nontoxic and safe when used properly.

However, like all sources of energy, it has certain characteristics that make it potentially dangerous. It is 
naturally colorless and odorless, so the natural gas utility companies add an odorant called mercaptan. 
Mercaptan smells like rotten eggs and helps detect if a leak is present. If a leak occurs inside a home or building, 
natural gas can be trapped inside. If the smell of mercaptan is recognized, leave immediately, go to a safe place 
away from the suspected leak and call 911.

Another property of natural gas is that it is combustible, meaning it is capable of igniting and burning. This 
is a good thing when it is burned for energy, but dangerous if it is not appropriately controlled or if a leak is 
present. Natural gas also needs the right mixture of oxygen to burn correctly. Without the right mixture of air, 
fuels can produce carbon monoxide, a poisonous gas.

Natural gas leaks are rare, but being able to recognize and respond to a suspected leak is an important part 
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of living and working safely. Share with students how to be aware of any unusual conditions in their home or 
neighborhood and immediately take appropriate actions. 

Activity Procedure, Part One (begin as a group)
Question students: Does everything have a smell? Let’s investigate using skills of observation and our sense of 
smell. 

1. Display two plastic sandwich bags, one with water and one with vinegar inside. Ask volunteers 
to smell. Question the group, “do these look the same?” (Both are colorless liquids). Conclude each 
bag may contain liquids that look the same, but are not. Each smells differently and the liquids are 
different. Some things in nature do not have a smell naturally, like water and natural gas. If time 
permits, share the sample bags of white vinegar and cider vinegar to demonstrate some things in 
nature look different, yet smell the same and have similar properties.

2. Pass around samples of mercaptan scratch and sniff stickers. Share with students that natural gas, in 
its natural state, is colorless and odorless. Because of this, natural gas providers must add a harmless, 
nontoxic odorant to it to make it more readily detectable. This odorant is usually described as smelling 
like a rotten egg smell. 

The sense of smell has a direct connection to the brain. Scents can conjure up emotions and specific 
memories to cause a reaction. The smell of fresh cookies will cause a different reaction than the smell 
of smoke. The sense of smell can alert us to dangers like a gas leak or fire. Using our sense of smell is 
the best way to recognize if a natural gas leak is present so we can react safely. 

3. Display a picture of natural gas flame. How would our sense of smell help us here? (Natural gas has no 
odor. When ignited, there is no odor. An odor is present only if there is a leak that is not ignited.)

Discuss the useful properties of natural gas while looking at the picture: nontoxic, colorless, 
combustible and odorless. 

What are some of the ways we can recognize if there is a natural gas leak?

See:
• A damaged connection to a gas appliance

• Dirt or dust blowing up from the ground

• Dead or brown vegetation in a moist, green field or lawn

• Flames at or near an exposed pipeline

• Continuous bubbling in wet areas or water being blown into the air at a pond, river or creek

Hear:
• A hissing, roaring or blowing sound

Smell:
• An odorant called mercaptan is added to the natural gas so that leaks can be more easily 

detected 

• The odor smells like rotten eggs
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If you suspect a natural gas leak:

• Stop what you are doing. 

• Leave the area immediately. 

• Call 911 and the natural gas company from a safe place away from the leak.

Share and discuss how to react if a natural gas leak is detected:

1. Leave the area immediately.

2. Once you are a safe distance away from the odor, call the natural gas company or 911. DO NOT use a 
telephone or cell phone inside your home. A spark from a phone or electronic switch could ignite the 
natural gas.

3. Avoid flames and do NOT turn electric equipment or appliances on or off, not even a flashlight.

4. Never look for a natural gas leak with a lighted flame or a match.

5. Do not try to make repairs yourself. Call a certified natural gas contractor.

Activity Procedure, Part Two (small groups)
Determining Scents

Before the experiment, explain the wafting technique for determining smells in substances.  
Wafting is a technique of using your hand to draw air over the opening of a container in the direction of your nose. 
Air mixed with the substance is drawn into your nose so that the smell from the original substance is diluted. 

1. Prepare five to six sandwich bags of scents.

a. Apply liberal amounts of scents from food extracts (like vanilla and mint) or spray air freshener 
on two cotton balls and place in different bags.

b. Thoroughly scratch several mercaptan-scented stickers, place between two cotton balls and put 
in a plastic bag.

c. Number each bag.

2. Divide the class into groups equal to the number of prepared bags.

3. Have a student from each group collect a bag from you and return to the group.

4. Have students determine the scent using wafting as explained before the experiment. Students should 
make a chart of the numbered bags and the scent determined for each. 

5. Students should return each bag to you and pick up another until all bags have been tested.

6. After each group has determined the scent for all bags, begin a discussion with the following topics. 

a. Discuss the correct scent for each bag. Did each group get the same answer or the correct 
answer?

b. Discuss each student’s ability to differentiate each scent. Are there students that cannot smell 
due to a cold or stuffy nose or are they a super sniffer (heightened sense of smell)? 

c. Discuss with students how distance from the source of a smell affects determining a scent. (The 
scent is diluted the farther away from the source.)

d. Discuss with students how scents moving though soil from a buried natural gas pipeline can be 
stripped away. (The scent is absorbed by the soil as it moves away from the source of the leak.)
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Wrap-up
Discuss the following questions with the class.

1. How can your sense of smell keep you safe? (to recognize unsafe conditions, fire/natural gas/rotten 
food)

2. What does natural gas smell like in nature? (odorless)

3. How can you recognize a natural gas leak? (smell of rotten eggs or sulfur [mercaptan], dirt or dust 
blowing up from the ground, flames at or near an exposed pipeline, continuous bubbling in wet areas or 
water being blown into the air at a pond, river or creek, a hissing, roaring or blowing sound)

4. What should you do if you detect a natural gas leak? (leave immediately, contact natural gas company)

5. Why is it dangerous to use a phone or cell phone if you smell natural gas? (a spark could cause the 
natural gas to ignite)

6. What phone numbers could you call for immediate help? (911 and natural gas company)

Science Standards Addressed

SCIENTIFIC & ENGINEERING PRACTICES

Developing and Using Models Planning and Carrying Out Investigations
Modeling in 9 – 12 builds on K – 8 and progresses to 
using, synthesizing and developing models to predict 
and show relationships among variables between 
systems and their components in the natural and 
designed worlds. 

Develop and use a model based on evidence to illustrate 
the relationships between systems or between 
components of a system. (HS-PS3-2), (HS-PS3-5) 

Planning and carrying out investigations to answer 
questions or test solutions to problems in 9 – 12 
builds on K – 8 experiences and progresses to include 
investigations that provide evidence for and test 
conceptual, mathematical, physical and empirical 
models. 

Plan and conduct an investigation individually and 
collaboratively to produce data to serve as the basis 
for evidence, and in the design: decide on types, 
how much, and accuracy of data needed to produce 
reliable measurements consider limitations on the 
precision of the data (e.g., number of trials, cost, risk, 
time) and refine the design accordingly. (HS-PS3-4) 




