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FireWorks Curriculum Featuring

Ponderosa, Lodgepole, and Whitebark Pines

March 2019

by Jane Kapler Smith, llana Abrahamson, Caitlyn Berkowitz, and Nancy E. McMurray

FireWorks: Why?

Change is an integral part of healthy, enduring ecosystems in most temperate regions of the
world. FireWorks provides students with interactive, hands-on materials to study the forces
that cause change, particularly wildland fire. The program is based on the science of wildland
fire, a highly interdisciplinary field, so it provides a context for learning about properties of
matter, chemical and physical processes, ecosystem fluctuations and cycles, habitat and
survival, and human interactions with ecosystems. These concepts are considered important for
science literacy (American Association for the Advancement of Science 1993). Students using
FireWorks ask questions, gather information, analyze and interpret it, and communicate their
discoveries. They often work in pairs or small groups. These are learning styles that enhance
understanding, cognitive skills, and social skills (Moreno 1999; National Research Council 1996).

Local learning:

Students learn best about ecology
when it is close to home—when
they can study the plants, animals,
and fire regimes typical of local
ecological communities (Lindholdt
1999; North American Association
for Environmental Education
1999). This version of FireWorks
focuses on 3 communities that
occur from the northern Rocky
Mountains through the
“intermountain” region to the
North Cascades: Northern Rocky
Mountain Ponderosa pine?
(dominated mostly by ponderosa

Ponderosa pine, lodgepole pine, and whitebark pine communities

. e Map of the western United States showing
Legend < L R where these 3 forest types* can be found.
[ states { 4
I Northem Rocky Mountain Ponderosa Pine &
Rocky Mountain Lodgepole Pine g
ocky Mountain Lodgepale Pine =

I hitebark pine /

0 50100 200 % { sl
-— e— iles \ CA \1-: \ / |
Y N\ — /

= /
& \,  *The map shows the areas covered by 3 community types, not by 3 tree

f ™\ species. The community types are specific combinations of tree species (and
other species) with specific fire regimes. Each community type is named for

Biophysical Settings data
layers (LANDFIRE 2008) N
used to create this map
were accessed at
http:/fwww.landfire gov,
November 2012.

the main trae species that has been living there. The species themselves
occur in many other community types in the western U.5.

! Common names are used for all species mentioned in the text and associated materials. Corresponding scientific
names are available online in the Fire Effects Information System (https://www.feis-crs.org/feis/).

December 18, 2019

Introi


https://www.feis-crs.org/feis/

pine and Douglas-fir, Rocky Mountain Lodgepole pine (dominated by lodgepole pine and
subalpine fir, and Whitebark Pine (dominated by whitebark pine, sometimes with subalpine fir).

The 3 forest types featured in this curriculum have long, intimate relationships with fire. The
photo presentation created for Activity 1 in the Elementary and Middle School curricula shows
many inhabitants of these communities and the different types of fire that occur in them. Table
I-1 summarizes this information.

Table I-1—Summary of ecology and "fire story" of some forest communities of the northern
Rocky Mountains and North Cascades.

Elevation

Low

Middle

High

Pine species (grows well in
sunny, open areas with bare
soil)

Shade-tolerant species (grows
better than pine in shady
places and in litter and duff)

Pine traits for surviving or
reproducing well after fire

Historical fire
regime

Fire severity

Average fire
interval

Some animals in this community
(not limited to this
community)

Example of traditional use by
Native Americans

Disturbances besides fire

ponderosa pine

Douglas-fir

Open, high crown
thick buds
thick bark

Majority of fires are
low-severity; some
mixed-severity &
occasional stand-
replacing

Ranges from about 6
years to 50 years

Pileated woodpecker
Flammulated owl
Elk (especially spring)

Peeled bark for
nutrition

Douglas-fir dwarf
mistletoe

lodgepole pine

subalpine fir

serotinous cones

Stand-replacing and mixed-
severity, with occasional
low-severity

Ranges from about 90 years
to more than 300 years

Black-backed woodpecker
Mountain pine beetle
Elk (hiding cover in fall)

Cut poles for tipis

Mountain pine beetle

whitebark pine

subalpine fir

Trees in clusters

open, high crown

seeds planted by
nutcrackers

Often patchy, mixed-
severity. Highly
variable in size
and severity

Ranges from about
40 years to more
than 250 years

Clark's nutcracker
Grizzly bear
Elk (summer)

Collected pine nuts
for nutrition

Mountain pine
beetle, white
pine blister rust
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Goals

FireWorks aims to increase understanding

of the physical science of combustion, especially in wildland fuels

that an ecosystem has many kinds of plants and animals, which change over time and
influence one another

that fire is an important natural process in many ecosystems

that native plants and animals have ways to survive fire or reproduce after fire, or both
that people influence the fire-dependent ecosystems where they live, and they always
have done so

Meeting these goals helps implement the vision of the National Cohesive Wildland Fire
Management Strategy (U.S. Department of Agriculture, Forest Service; Department of the
Interior, Office of Wildland Fire Coordination. 2011) to “...safely and effectively extinguish fire
when needed; use fire where allowable; manage our natural resources; and as a nation, to live
with wildland fire.”

FireWorks also aims to increase student skills in

making observations

classifying information

measuring, counting, and computing

stating and testing hypotheses

describing observations, both qualitatively and quantitatively
explaining reasoning

identifying and expressing responses to science-related questions
working in teams to solve problems and

critical listening and reading

These skills are crucial for developing an adult citizenry literate in science and attracting
students to professional work in the sciences (National Research Council 1996).

Design and Layout of Lessons in This Curriculum
Each FireWorks activity has the following sections:

Lesson Overview

Lesson Goal Sub S W

. . ubjects: Science, Writing, etc...
Objectives ] &
Teacher Background Duration: a guess
Materials and Preparation Group size: whole class, teams, etc.
Procedure Setting: classroom, lab, outdoors, etc.
Assessment Vocabulary (not needed in all lessons)
Evaluation rubrics

Handouts (if needed)
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Instructions for each activity also include a text box (example above) that lists subjects covered,
the possible duration of the activity (a guess —take this with many grains of salt), group size,
setting (laboratory, classroom, outdoors, etc.), and suggested vocabulary terms. The text box
may also contain one or two icons — a red-and-white flame if the activity uses fire, and a brown
box if the activity requires materials from a FireWorks trunk.

Handouts and other materials meant for students all begin with a large, bold-face header in
blue font. Handout answer keys and other materials meant for teachers all begin with a large,
bold-face header in maroon font. In the Procedures section and in answer keys, answers to
guestions are given in red font.

Links to Educational Standards

FireWorks need not compete with core curriculum for classroom time. Instead, it can help
teachers cover required curriculum and meet required standards by using hands-on materials
based on science from the local area. To help teachers identify the ways in which FireWorks can
be used to meet their curriculum requirements, each activity is linked to relevant standards
from:

e Common Core State Standards in English Language Arts (CCSS-ELA), Math (CCSS-Math),

Science, and Technical Subjects
e Next Generation Science Standards (NGSS)
e Excellence in Environmental Education: Guidelines for Learning standards (EEEGL)?

2 Abbreviations and links to standards:

e  CCSS-ELA: Common Core State Standards—English Language Arts
(http://www.corestandards.org/assets/CCSSI_ELA%20Standards.pdf)

e CCSS-Math: Common Core State Standards—Math (http://www.corestandards.org/wp-
content/uploads/Math_Standards.pdf)

e NGSS: Next Generation Science Standards
(http://www.nextgenscience.org/sites/ngss/files/NGSS%20DCI%20Combined%2011.6.13.pdf)

® EEEGL: Excellence in Environmental Education: Guidelines for Learning
(http://resources.spaces3.com/89c197bf-e630-42b0-ad9a-91f0bc55¢72d.pdf)

December 18, 2019 Intro iv


http://www.corestandards.org/assets/CCSSI_ELA%20Standards.pdf
http://www.corestandards.org/wp-content/uploads/Math_Standards.pdf
http://www.corestandards.org/wp-content/uploads/Math_Standards.pdf
http://www.nextgenscience.org/sites/ngss/files/NGSS%20DCI%20Combined%2011.6.13.pdf
http://resources.spaces3.com/89c197bf-e630-42b0-ad9a-91f0bc55c72d.pdf

If a lesson does not have standards listed from a particular standard framework, then it
probably does not meet standards in that framework. However, teachers are encouraged to
reinterpret standards and lessons and also to adapt lessons to meet their educational
objectives and particular standards. This diagram shows how to use the table of standards
provided with each activity:

2. Access the
relevant
publication (see
the links in the
footnote
above).

3. Open standards publication
to the appropriate grade and

section.

Safety

1. Find the relevant

grade(s).
Standards: 6th 7th 8th
CCSS Writing 2,4,7,10 2,4,7,10 2,4,7,10
Speaking and Listening 1,2,4,6 1,2,4,6 1,2,4,6
Language 1,2,3,4,6 1,2,3,4,6 1,2,3,4,6
Writing Standards
Science/Tech 1,2,4,7,10 | 1,2,4,7,10 | 1,2,4,7,10
Math MP.4 MP.4 MP.4
NGSS Matter and Its Interactions ETS1.B
Earth’s Systems ESS2.D
Earth and Human Activity ESS3.A, ESS3.B, ESS3.C
Engineering Design ETS1.B
EEEGL Strand 1 A,B,C,E,F,G

4, Locate these numbers and
read the associated standards.

Many of the experiments in FireWorks use fire and natural fuels. In these structured, well
supervised environments, students can make discoveries about fire and improve their habits
regarding fire safety. Help students learn about safe laboratory practices, such as using
protective eyewear and wearing appropriate clothing. Help them learn that professional skills
and years of experience are needed to use fire safely in wildlands. The following steps will help
you run the activities smoothly and help your students grow in responsibility and competence
regarding lab safety and fire safety:
e Inform maintenance staff about activities in which you will use fire.
e Inform your local fire protection unit if you plan to use fire outdoors.
e Consider informing parents about your plans and goals for teaching about fire.
e Choose your work space carefully, especially if you will not be using a laboratory. The
fire engine may be required to respond to every alarm, even if you tell them it's "only"
an experiment.
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e If you are working outdoors, watch carefully to prevent smoldering material from
igniting schoolyard vegetation.

e Keep spray bottles filled with water. Have students use them to extinguish smoldering
material at the end of each experiment. This will prevent trash-can fires.

e [f you are working outdoors, keep a hose available and ready to use. Have a bucket or
two of water available as well.

e Keep a fire extinguisher ready for use. Know how to use it. If you discharge a fire
extinguisher, refill or replace it immediately. Don't burn anything without a charged fire
extinguisher in the room.

e If you or any of your students have asthma or other respiratory problems, consider
having them wear protective masks while working with fire.

Three Curricula for Three Grade Levels

FireWorks includes curricula for 3 grade levels: Elementary (grades 1-5), Middle (grades 6-8),
and High (grades 9-12). The Elementary curriculum encourages students to learn from
demonstrations and simple models and to become acquainted with plants and animals in the
local area. The Middle School curriculum challenges students to conduct experiments to answer
guestions and use information from technical readings to describe fire’s role in various
ecosystems. The High School curriculum asks students to design and conduct experiments and
to apply information from technical articles to management questions. Activities for different
grade levels may use the same materials, but the curricula differentiate across grade levels;
content is more detailed and the activities are more challenging for older students. You can use
Table I-2 to compare activities on the same theme for different grade levels and select the best
approach for meeting your objectives with your students.

Literature cited
American Association for the Advancement of Science. 1993. Benchmarks for science literacy. New

York: Oxford University Press. 418 p.

Lindholdt, Paul. 1999. Viewpoint: writing from a sense of place. Journal of environmental education:
30(4): 4-10.

Moreno, Nancy P. 1999. K-12 science education reform—a primer for scientists. BioScience. 49(7): 569-
576.

National Research Council. 1996. National science education standards. Washington, DC: National
Academy Press. 262 p.

North American Association for Environmental Education. 1999. Excellence in EE—guidelines for
learning (K-12). Rock Spring, GA: NAAEE Publications and Membership Office. 107 p.

Smith, Jane Kapler; McMurray, Nancy E. 2000. FireWorks curriculum featuring ponderosa, lodgepole,
and whitebark pine forests. Gen. Tech. Rep. RMRS-GTR-65. Fort Collins, CO: U.S. Department of
Agriculture, Forest Service, Rocky Mountain Research Station. 270 p.

U.S. Department of Agriculture, Forest Service; Department of the Interior, Office of Wildland Fire

Coordination. 2011. A national cohesive wildland fire management strategy. Washington, DC:
Wildland Fire Leadership Council. 43 p
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Table I-2. FireWorks Curriculum Plan for the Northern Rocky Mountains and the North Cascades. Read across the table to find similar
activities for students at all 3 grade levels.

Unit & Theme

ELEMENTARY

MIDDLE

HIGH

Unit I. Introduction to
Wildland Fire

EO1. Visiting Wildland Fire in the
Northern Rocky Mountains and
North Cascades

MO1. Visiting Wildland Fire in the
Northern Rocky Mountains and
North Cascades

HO1. Introduction to Wildland Fire in
the Northern Rocky Mountains and
North Cascades

Unit Il. Physical Science of
Wildland Fire

E02. Making Fires Burn or Go Out 1:
Introduction to the Fire Triangle

MO02. Where Does Heat Go? The
Heat Plume from a Fire

HO2. The Fire Triangle: Fuel, Heat, and
Oxygen

E03. Making Fires Burn or Go Out 2:
Demonstrating the Fire Triangle and
Heat Plume

MO03. What Makes Fires Burn? The
Fire Triangle 1—Heat and Fuel

HO3. The Fire Triangle, Combustion,
and the Carbon Cycle

MO04. What Makes Fires Burn? The
Fire Triangle 2—Oxygen

HO4. Heat Transfer

Unit Ill. The Wildland Fire
Environment

HO5. Fuel Properties

HO6. Pyrolysis

HO7. Fire Spread Processes: Putting it
all together: Heat transfer, fuel
properties, and pyrolysis

E04. How Wildland Fires Spread 1:
Experiment with a Matchstick Forest

MO05. How Do Wildland Fires
Spread? The Matchstick Forest
Model

HO8A. Fire Environment Triangle and
Fire Spread: The Matchstick Model

HO8B. Fire Environment Triangle and
Fire Spread: The Landscape Matchstick
Model

December 18, 2019
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Unit IV. Fire Effects on the
Environment

Unit V. Fire’s Relationship
with Organisms and
Communities

December 18, 2019

EO07. Smoke from Wildland Fire: Just
Hanging Around?

EO08-1. What’s a Community? All the
Living Things in the Ecosystem

EO08-2. Who Lives Here? Adopting a
Plant, Animal, or Fungus

EQ09. Tree Parts and Fire: The Class
Models a Living Tree

E10. Tree Identification: Using a Key
to ldentify “Mystery Trees”

E11. Recipe for a Lodgepole Pine
Forest: Serotinous Cones

E12. Buried Treasure: Underground
Parts that Help Plants Survive Fire

MO09. Smoke from Wildland Fire:
Just Hanging Around?

M10. Fire, Soil, and Water
Interactions

M11. Who Lives Here? Adopting a
Plant, Animal, or Fungus

M12. Tree Parts and Fire:
“Working Trees” Jeopardy-style
Game

M13. Tree ldentification: Figure
out the “Mystery Trees”

E11. Is appropriate for middle
school

M14. Who Lives Here and Why?
Modeling Forest Communities

M15. Bark and Soil: Nature’s
Insulators

M16. Buried Treasures: ldentifying
Plants by their Underground Parts
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H15. Forest Communities and Climate
Change
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1. Introduction to Wildland Fire in the Northern Rocky

Mountains and North Cascades

Lesson Overview: Students consider their thoughts

and feelings about wildland fire before and after a Subjects: Science, Writing, Speaking

photo presentation. Then students read and analyze a and Listening

chapter from a book about the fires of 1988 in Duration: 45 minutes

Yellowstone National Park. Class Arrangement: Whole class
and groups

Lesson Goal: Increase students’ understanding that Setting: Indoors

wildland fire is a complicated process, has Vocabulary: ecosystem,

complicated effects, and may generate complicated ecological community, fire

feelings. behavior, wildland, wildland fire

Objectives:
e Students can use images to make observations and inferences about wildland fire.
e Students can describe and discuss information about the impacts of the 1988 fires in
Yellowstone National Park.

Standards: 9th 10th 11th 12th
CCSS Writing 2,4,10 2,4,10
Speaking/Listening 1,2,4,6 1,2,4,6
Language 1,2,3,4,6 1,2,3,4,6
Reading Standards Science/Tech 1,2,3,4,7,10 1,2,3,4,7,10
Writing Standards Science/Tech 1,4,6,7,10 1,4,6,7,10
NGSS From Molecules to Organisms: Structure and
Processes LS1.B
Ecosystems: Interactions, Energy, Dynamics LS2.A, LS2.C, LS4.D
Biological Evolution: Unity and Diversity LS4.C
Earth’s Systems ESS2.D
Earth and Human Activity ESS2.D, ESS3.A, ESS3.B
EEEGL Strand 1 A B,CEFG
Strand 2.2 A C

Teacher Background: If you walk through a recently burned area, you will probably encounter
some places where all the vegetation looks dead and other places that have a lot of green
vegetation left. You will probably see deep holes in the ground where roots have burned away
and also patches of leaf litter that is barely scorched. You may also see homes that have
burned, fences and outbuildings destroyed, washed-out roads, or burned bridges.
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Wildland fire can be a powerful force for renewal or destruction — or both. Fire behavior and
fire effects vary with topography, weather, and vegetation. The impacts of wildland fire on
people and human communities vary as well. As an introduction to the study of wildland fire,
this photo presentation highlights variation in fire behavior and its relationship to people and
human communities.

This curriculum focuses on fire ecology and the challenges that people face when living with
fire. It features especially the ecology and management of 3 kinds of forest that occur in the
northern Rocky Mountains and the North Cascades: forests at low elevations dominated by
ponderosa pine and Douglas-fir, middle-elevation forests dominated by lodgepole pine mixed
with subalpine fir and other trees, and high-elevation forests of whitebark pine mixed with
subalpine fir.

Materials and preparation:

e Make a copy of the technical reading Exerpts_YellowstonelnTheAfterglow.pdf for each
student or arrange for them to read it online at
(https://www.nps.gov/yell/planyourvisit/upload/full-2.pdf). This technical reading is 5-7
pages long. Students do not need to write on the handout so, if you are making printed
copies, consider printing a classroom set to use repeatedly.

e Make a copy of Handout HO1-1. Reading “Yellowstone in the Afterglow” for each student.

e Download the presentation HO1_WildlandFireObservations.pptx.

Procedure:
1. Hook: Ask students to take out a sheet of paper and make a list of pros (good things) and
cons (bad things) about wildland fire.

2. Have students share what they wrote. Ask which column has more written in it and why.
This discussion may draw out some strong feelings about wildland fire.

3. Ask students to turn their paper over and divide it in half. Label one half “Observations” and
the other “Questions.” Go through the presentation HO1_WildlandFireObservations.pptx
(below). The photos are arranged in 5 groups. Stop after each group of photos and ask
students to add items to (a) their lists of observations and questions and (b) their list of pros
and cons. If students want to back up and revisit some photos, that is OK.
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Slide 1

Wildland fire:
Observations &
Questions

Slide 2 Theme: houses burning/burned
Photo Group #1
Houses
Slide 3
Slide 4
Slide 5
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Slide 6

Slide 7 Theme: low-severity fire
Photo Group #2
Low-severity fire

Slide 8

Slide 9

Slide 10

Theme: stand-replacing fire

Photo Group #3
Stand-replacing fire
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Slide 11

Slide 12

Slide 13

Slide 14

A | UGA0808079

Slide 15 Theme: postfire photos

Photo Group #4
After
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Slide 16

Slide 17

Slide 18

Slide 19

Slide 20
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Slide 21 Theme: more postfire photos

Photo Group #5
After

Slide 22

Slide 23

Slide 24

4. Ask students to share their observations and questions. Ask for any items that they added
to their lists of pros and cons during the presentation.

5. For the reading assignment, students will need to understand the terms “ecosystem” and
“ecological community,” so review: An ecological community includes all of the living things
in an ecosystem — plants, animals, fungi, and microorganisms. An ecosystem includes the
living things plus the nonliving parts of the ecosystem, such as soil, water, and air.

October 2, 2019 HO1



6. Give each student a copy of Exerpts_YellowstonelnTheAfterglow.pdf or arrange for them
to read it online (https://www.nps.gov/yell/planyourvisit/upload/full-2.pdf). Break the class
into five groups and assign of these sections to a different group:

“A Tale of Two Fires” and “Fire as an Ecological Event”
“Fire as a Human Experience”

“Yellowstone in the Year 2000”

“The Debate Continues”

“Yellowstone’s Clouded Crystal Ball”

7. Give each student a copy of Handout HO1-1. Reading “Yellowstone in the Afterglow”.
Explain: Students in each group will become experts on the questions about their section
and will answer ONLY the questions about their section on the handout. Have them do the
reading and write answers to the questions on their section.

8. Regroup the class so each new groups has at least 1 student from each of the 5 original
groups. Have students from each group share their answers to the handout with the rest of
the group, while students NOT in that original group ask questions and take notes on THEIR
handouts.

9. Ask students to discuss connections among their pro-con lists, the presentation, the article,
and their answers to the final question on the handout.

Assessment/Evaluation: Because this is an introductory lesson meant to evoke diverse
thoughts and feelings about wildland fire, this activity does not have an assessment or
evaluation.

October 2, 2019 HO1
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Handout HO1-1. Reading “Yellowstone in the Afterglow”

Name:

Instructions: Please use “Yellowstone in the Afterglow” by Mary Anne Franke to answer the following
guestions in complete sentences.

“A Tale of Two Fires” and “Fire as an Ecological Event”

1. | Define each of these terms as it is used in the article: millennium, alleged, subterranean,
intrinsic.

2. | What are the “two fires” that the author discusses?

3. | The author suggests that people should think of Yellowstone as a place that is always changing.
What is one of her examples of things that may change?

4. | How did most of Yellowstone’s wildlife respond to the fires?

5. | What does the author think is the main reason to accept the presence of fires in Yellowstone?

“Fire as a Human Experience”

1. | Define each of these terms as it is used in the article: futile, repository, feasible, mission.

2. | What were the two conflicting messages (“mixed smoke signals”) that park managers sent
during the fires?

3. | What did the firefighting efforts accomplish?

4. | Describe two of the hardships for people that the fire caused.

5. | Why does the author say that it is not logical to eliminate fires?

“Yellowstone in the Year 2000”

1. | Define each of these terms as it is used in the article: proximity, aptness, trifling, gateway.

2. | The author suggests that the fires were not as “cataclysmic” as other events in Yellowstone.
Describe the example she gives.

3. | What are dead trees good for?

4. | How did the numbers of park visitors change during the year of the fires (1988) and afterward?

5. | When this article was written, how were Yellowstone’s managers handling lightning-caused
fires?

“The Debate Continues”

1. | Define each of these terms as it is used in the article: prescription burn, hazardous fuels,
conflagration, incompatible.

Describe the first big fire in the West during the year 2000.

What was one criticism of government fire management at the end of the summer of 20007?

Blw N

Why does the author consider fires important to Yellowstone?

5. | What is the “one indisputable benefit” of the 1988 fires?

“Yellowstone’s Clouded Crystal Ball”

1. | Define each of these terms as it is used in the article: quantifiable, runoff, fire breaks, debris
flows.

2. | How could large fires cause flooding? Have the 1988 fires caused this in Yellowstone?

3. | How could large fires cause another “big fire season” in Yellowstone after 19887 Did this
happen?

4. | What kinds of trees are growing in the areas burned by the 1988 fires?

5. | How have people’s attitudes toward wildland fire changed since the 1988 fires?

October 2, 2019 HO1
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Handout HO1-1. Possible responses to questions about
“Yellowstone in the Afterglow”

“A Tale of Two Fires” and “Fire as an Ecological Event”

1.

Define each of these terms as it is used in the article: millennium, alleged, subterranean,
intrinsic.

2.

What are the “two fires” that the author discusses?

1. The ecological event that burned a huge area of Yellowstone in 1988
2. The human event, including economic and emotional impacts

The author suggests that people should think of Yellowstone as a place that is always
changing. What is one of her examples of things that may change?

The Old Faithful geyser can be changed by what happens underground. Severe winters
can change the number and distribution of plants and animals. So can fire.

How did most of Yellowstone’s wildlife respond to the fires?

Most of them did not flee, but instead they went about their activities as usual. Few were
killed by smoke or flames.

What does the author think is the main reason to accept the presence of fires in
Yellowstone?

The main reason is because fires are intrinsic to Yellowstone’s ecology.

u

Fire as a Human Experience”

1.

Define each of these terms as it is used in the article: futile, repository, feasible, mission.

2.

What were the two conflicting messages (“mixed smoke signals”) that park managers
sent during the fires?

1. Persuade the public that the fires were not an ecological disaster.
2. Spend $120 million to try to put them out.

What did the firefighting efforts accomplish?

Firefighting efforts protected buildings in the park, but they did not reduce the area
burned very much.

Describe two of the hardships for people that the fire caused.

Here are three:

1. Two people died.

2. Many people were inconvenienced or worried about the park.
3. Local businesses suffered financial losses.

Why does the author say that it is not logical to eliminate fires?

Eliminating fires would be illogical because they are one of the forces that determine
which plants and animals live there.

“Yellowstone in the Year 2000”

1. | Define each of these terms as it is used in the article: proximity, aptness, trifling, gateway.
2. | The author suggests that the fires were not as “cataclysmic” as other events in
Yellowstone. Describe the example she gives.
Her example is the series of volcanic eruptions 630,000 years ago.
3. | What are dead trees good for?
October 2, 2019 HO1
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Dead trees can provide shelter and a source of food for insects and birds, which then
provide food for other animals.

4. | How did the numbers of park visitors change during the year of the fires (1988) and
afterward?
In 1988, visitation was 15% lower than in 1987. In 1989, however, visitation was higher
than ever — and has continued to increase.

5. | When this article was written, how were Yellowstone’s managers handling lightning-

caused fires?

If lightning-caused fires did not pose a risk to human life or property, they were permitted
to burn under “certain conditions.”

“The Debate Continues”

1.

Define each of these terms as it is used in the article: prescription burn, hazardous fuels,
conflagration, incompatible.

2.

Describe the first big fire in the West during the year 2000.

In May, a prescription burn intended to reduce hazardous fuels near Bandelier National
Monument burned many homes in local communities.

What was one criticism of government fire management at the end of the summer of
2000?

Some claimed that the government had not used enough prescription burns to prevent the
fires.

Why does the author consider fires important to Yellowstone?

The author considers fires important because they are an essential to the Park’s nature;
they are needed to “let Yellowstone continue to be Yellowstone.”

What is the “one indisputable benefit” of the 1988 fires?

The fires have provided the opportunity to learn how the Park has responded — both the
people and the wild inhabitants of the Park.

"

Yellowstone’s Clouded Crystal Ball”

1.

Define each of these terms as it is used in the article: quantifiable, runoff, fire breaks,
debris flows.

2.

How could large fires cause flooding? Have the 1988 fires caused this in Yellowstone?

Increased water flow (“runoff”) from burned hillsides could have caused flooding, but
this did not happen after the 1988 Yellowstone fires.

How could large fires cause another “big fire season” in Yellowstone after 19887 Did this
happen?

The many dead and down trees could have fueled another big fire season, but they didn’t.

What kinds of trees are growing in the areas burned by the 1988 fires?

Millions of lodgepole pine seedlings are growing in burned areas, and aspen seedlings are
growing in places where they did not occur before the fires.

How have people’s attitudes toward wildland fire changed since the 1988 fires?

People seem to better understand and accept the fact that fires have a role to play in
wildlands.

October 2, 2019 HO1
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2. The Fire Triangle: Fuel, Heat, and Oxygen

Lesson Overview: In this activity, students

explore the shape of the heat plume and the Subjects: Science, Mathematics, Writing,
three components of the Fire Triangle (fuel, Speaking and Listening, Health and Safety
heat, and oxygen. The lesson includes 3 Duration: Three ~20 minute experiments.
separate experiments and 1 technical reading Class Arrangement: Whole class and groups.
activity. Setting: Indoors

Vocabulary: chemical change, combustion,
Lesson Goals: Increase students’ understanding Fire Triangle, fuel,

of heat transfer and the components of the Fire heat, heat plume, model, ‘,“ N
Triangle. Increase their ability to develop and oxygen, physical change f !‘ 4
test hypotheses. Increase their ability to apply

conceptual understanding to real-world
questions.

Objectives:
e Students can describe the shape of the heat plume from a fire.
e Students can use the Fire Triangle to explain why specific fires go out.
e Students can develop hypotheses, test them, and discuss their results.
e Students can apply theoretical knowledge to practical technology.

Standards: 9th 10th 11th 12th
CCSS Writing 2,4,10 2,4,10
Speaking/Listening 1,2,4,6 1,2,4,6
Language 1,2,3,4,7,10 1,2,3,4,7,10
Writing Standards Science/Tech 1,4,6,7,10 1,4,6,7,10
NGSS Matter and Its Interactions PS1.A, PS1.B
Energy PS3.D
Earth’s Systems ESS2.D
EEEGL Strand 1 A,C,D,E,F,G
Strand 2.1 B, C
September 2, 2019 HO2
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Teacher Background: Students explore the conceptual model called the Fire Triangle. They use
the Fire Triangle to describe how fires are extinguished and how wildland fires spread.

The Fire Triangle describes the three things necessary for fires to start
and keep burning: fuel, oxygen, and a heat source. If a fire runs out of
any of these things, it will stop. This is an appealing model because the
geometric properties of the triangle are a good analog to the
requirements for combustion: A triangle is very stable as long as all three
legs are present, and it collapses if one leg is removed.

This activity contains three experiments. In each successive experiment, the students take on a
little more responsibility for developing methods of investigation and interpreting results.
Experiment 1 is highly directed, a “cookbook” experiment: Students observe and describe how
the heat is dispersed from a burning match. Experiment 2 has a cookbook section followed by a
section in which students develop their own methods: Students observe burning matches
pointed in different directions and use the model of the Fire Triangle to explain why the
matches go out. Experiment 3 requires students to fully develop their own methods: They
combine vinegar and baking soda to produce carbon dioxide, and they use the carbon dioxide
to investigate whether fires really require oxygen.

This activity also contains a Technical Reading, in which students read descriptions of various
kinds of fire extinguishers and then determine what part(s) of the Fire Triangle are removed
when each is used.

Materials and preparation:

e Choose your laboratory arrangement. These experiments can produce flames as long as 20
cm.

e Locate a video online of an airplane or helicopter dropping water on a wildland fire. You can
find one by searching with these terms: helicopter airplane drop water fire.

e The day before doing this activity, ask

students to follow safety guidelines about FireWorks Safety
clothing and hair when they get ready for

school tomorrow, especially:

o Tie back loose hair.

o Avoid wearing open-toed shoes, loose
sleeves, and clothes made of meltable
fabric such as nylon or polyester.

When you do experiments with fire...

. Wear cotton clothing. No synthetic pants, soccer shorts, etc.

. Wear closed-toed shoes. No sandals or flipflops.

. Tie back loose sleeves.

. Tie back loose hair.

Make sure a fire extinguisher is close. Make sure it is charged. Know
how to use it.

Vs W N

6. Make sure spray bottles are close and filled with water.
e Get a box of long fireplace matches and 7. Wear safety goggles when burning.
. 8. Never lean over a fire.
enough boxes of wooden kitchen matches 9. Extinguish burned materials with water before putting them in the
trash. Fire is not out if there is any smoke or heat coming from the
so each lab bench can have a least 40. foels
e Display the FireWorks Safety poster 10. If a fire starts on you, stop, drop, and roll.

(FireWorks_Safety_poster.pptx).

Use fire ONLY if a responsible adult is working with you.

September 2, 2019 HO2
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Have a fully charged dry chemical fire extinguisher handy. Know how to use it.

Make copies of Handouts H01-1, 2, 3, and 4 for each student or team.

Set up each laboratory bench with the following equipment:

o Spray bottle, filled with water (Some trunks contain only 2; you may need to provide

more.)

Ruler

Metal tray (i.e., cookie sheet)

Ashtray

Safety goggles

Oven mitt

Support stand

Cross-piece for support stand and clamp, as shown on Handout H02-1

OPTIONAL: Thermocouple (for Experiment 2 —only 1 is provided in the trunk)

2 votive candles

Box of wooden kitchen matches and 1-2 long fireplace matches

Beaker or other container ~20 cm tall

Container of baking soda (labeled as baking soda, sodium bicarbonate, or NaHCO3),

approximately % c per student team

o Container of white vinegar (labeled as vinegar, acetic acid, or CH3COOH), approximately
% c per student team

o Scoop or spoon for measuring 15 to 60 mL (1 Tablespoon to % cup)

O O O O O O O O O O O O

Procedure:

1.

Hook: Show a video of an airplane or helicopter dropping water on a wildfire. Ask: How
does putting water on a wildfire help put the fire out? This is a time for speculation. You can
go into more detail with step 3 below.

Draw a triangle on the board. Explain/ask: You are going to investigate what makes fires
burn and what puts them out. What three components are necessary for fire to burn?
Responses are likely to include fuel, heat, and oxygen. If not, show that the responses you
do get (i.e., “matches,” “gasoline,” “wood,” “air”) fit in these 3 categories. Label the sides of
the Fire Triangle with the 3 categories.

n”n u

Explain: If one component of the Fire Triangle is removed, the fire goes out. Ask students to
use the Fire Triangle to explain how the water drop shown in the video could help put out a
fire. Water removes heat from the fire because (1) it is cooler than the burning fuel so it
absorbs heat until it reaches the boiling point; (2) as it boils (vaporizes), it absorbs even
more heat (the latent heat of vaporization); (3) any water that remains in the liquid phase
forms a barrier between fuel and the oxygen that is needed for combustion. Note that
vaporization is a physical change (as opposed to a chemical change, such as combustion)
because the water changes from liquid to gaseous phase but atoms are not recombined to
form new substances.
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4. Split students into teams, one for each lab bench. Have each team review the FireWorks
Safety poster (FireWorks_Safety_poster.pptx) and report back to you when they are
prepared to proceed safely.

5. Have students begin “Experiment 1. Explain where the heat goes”: Give a copy of Handout
HO02-1 to each student or team. Have them read the directions, paying particular attention
to the safety precautions, and report back to you when they are prepared to proceed safely.
Emphasize to each Observer that he/she needs to find out how far from a match they can
first feel heat, not how close he/she can get before experiencing pain! Then instruct them
to proceed with the experiment.

e Alternative 1: Use thermocouple thermometers to measure how far out from a match
they can detect a temperature of approximately 40 °C (100 °F). The FireWorks trunk
provides only one thermocouple thermometer, so you will need to supply the others. If
students are using thermocouples, they will also want to measure temperatures inside
the flame. That is fine; the thermocouple can withstand these temperatures. Do not use
alcohol or mercury thermometers for this experiment.

e Alternative 2: Do this experiment as a demonstration, using the thermocouple available
in the FireWorks trunk instead of having lab teams do it independently.

6. After all teams have completed Experiment 1 and written answers to Questions 5a and 5b,
discuss their answers as a class. (Refer to the answer key for Handout H02-1 below.)

7. Give a copy of Handout H02-2 to each student or team. Have them read the directions and
report back to you when they are prepared to proceed safely. When all groups have
completed the experiment and written answers to Questions 8, 10, and 11, discuss their
answers as a class. (Refer to the answer key for Handout H02-2 below.)

8. Inclass discussion, explore the “Oxygen” part of the Fire Triangle in a little more depth:
Oxygen comprises about 21 % of the air we breathe, and we use only about 20 % of that
oxygen (5% of the volume of air) in a single breath. If we used it all, we couldn’t use “rescue
breaths” in cardiopulmonary resuscitation (CPR) to help a person who is not breathing!

9. Give a copy of Handout H02-3 to each student or team. Have them read the directions and
report back to you when they are prepared to proceed safely. When all groups have
completed the experiment and written answers to Questions 6-8, have each group present
and explain their demonstration to the class. (Refer to the answer key for Handout H02-3
below.)

10. Technical reading: Give each student a copy of H02-4: Three Kinds of Fire Extinguishers
(below). Have students form groups of three. Within each group, have one student read
part A, one part B, and one part C. Then have each student describe that particular fire

extinguisher to the rest of the group and use the Fire Triangle to explain how that kind of
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extinguisher works. Circulate among groups during presentations and listen in. (Refer to the
Teacher Key at the end of the reading assignment.)

Assessment: Collect students’ handouts and use the answer keys to check them.

Evaluation:
Handouts (25 points each)
Excellent 100%
Good 88%
Fair 75%
Poor 62%
Technical Reading (25 points)
Full Credit Partial Credit No Credit

Explanations

Clearly explained strong

connections between the
Fire Triangle and how the

fire extinguisher works.

Made weak
connections between
fire extinguisher and
Fire Triangle.

Made inaccurate or
no connections
between the fire
extinguisher and
Fire Triangle.
Unclear if student
understood how
fire extinguisher
worked.

Presentation

Comfortable with

information. Presentation

was well organized.

Speech was clear. Took
presentation seriously.

Mostly comfortable
with information but
unsure at times. Fairly
organized. Clear
speech.

Uncomfortable
with information.
Presentation was
poorly organized.
Difficult to hear.
Student did not
take presentation
seriously.
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Handout H02-1. Experiment 1. Explain where the heat goes.
Name

Your objective is to describe the shape of the heat plume from a

single, downward-pointing match. Set up your lab space:

e Place the metal tray on a heat-resistant surface.

e Set the support stand in the center of the tray.

e Attach the clamp to the stand.

e Attach the cross-piece to the clamp so it forms a "+" with the
stand.

e Attach one match to an alligator clip so the tip points down.

Dowjward-pointing match

Before beginning, read all of these directions together.

1. Plan your team roles:

o Observer: Use your hand to detect how far from the burning match you can detect a
change in temperature. This is the edge of the heat plume. Always start your
observation from at least 30 centimeters out from the burning match and bring it in
toward the flame until you detect a temperature change. This is the outer edge of the
heat plume. The point is to detect heat, not to determine how much heat you can
tolerate!! Check a ruler so you know how big 2 centimeters is. Never bring your hand
closer than that to a burning match. Never place your hand directly under a burning
match, in case the tip should fall off; instead, place your hand slightly off to the side.

o Measurer: When the observer has detected heat, measure the distance from the flame
to the observer’s hand. Use a ruler, but do not place it close to or in the flame. If the
observer does not detect heat from the match at the 2-centimeter distance, record the
2-centimeter point as your measurement.

o Igniter/Recorder: Record the Measurer’s data.

2. Figure out how to record your data. Design a data sheet.

3. When everyone is ready, use a separate match to light the downward-pointing match in the
alligator clip. Make observations from one side. Record your data. Use the oven mitt to
remove the burned match and insert a new one. Repeat this step until you have at least 2
measurements from each side of the flame, from beneath the flame, and from above it.

4. Make a sketch of your experimental set-up and graph your data. Then smoothly connect the
points to show the approximate shape of the heat plume.

5. Underneath your sketch, answer these questions using complete sentences:

a) When you burn a match in still air, where does most of the heat go? Use the results of
your experiment in your explanation.

b) How would you expect this pattern to change if there is a slight breeze in the air?
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Handout H02-1. Answer Key to Experiment 1. Explain where
the heat goes.

4. Sketch should look something like this.

Each square is
2m on a side.

Approximate shape of heat plume

N

Tip of burning 'X
match

.

5. Underneath your sketch, answer these questions using complete sentences:

a) When you burn a match in still air, where does most of the heat go? Use the results of
your experiment in your explanation. Most of the heat goes upwards. Some of it goes
down and sideways. Results may look something like what is shown above. This graph
shows that heat could be felt from 30 cm above, 4-5 cm from the sides, and only 3 cm
from below.

b) How would you expect this pattern to change if there is a slight breeze in the air? The
flame and the heat plume are likely to lean in the direction of any air movement. Wind

is not likely to make the heat plume lean over very far though, because it will probably
extinguish the match first (by blowing the heat away from the fuel).
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Handout H02-2. Experiment 2. Explain why matches go out.

Name

Your objective is to figure out what part(s) of the Fire Triangle are removed when downward-
pointing and upward-pointing matches go out. Use the support stand set up from Experiment 1.

Before beginning, read all of these directions together.

1. Decide what you will observe and how you will measure it. Develop a table for recording
your data.

2. Plan your team roles. Write them down below your data table.

3. Show your data table and team roles to the teacher. When you have his/her approval,
proceed:

4. Attach a downward-pointing match to one alligator clip and an upward-pointing match to
the other.

5. When everyone is ready for his/her role, use a separate match to light either the
downward- or upward-pointing match. Record your observations. You may burn as many
matches as needed to meet your objective. Burn one match at a time. Always use the
oven mitt to remove burned matches.

6. Observe how each match burns and goes out.

7. Discuss how the Fire Triangle might explain why the matches go out.

8. Below your data table, use complete sentences to explain why the matches went out. Use
the Fire Triangle. You may have several explanations. You may have different explanations
for the downward-pointing and upward-pointing matches.

9. These explanations are your hypotheses. Now figure out how to further test your
hypotheses. Do you need to repeat the experiment, change it in some way, or record
different information? Write down your next step, design a data table, and determine your
team roles. Check with the teacher. Once you have his/her approval, proceed.

10. In complete sentences, write your final hypothesis for why downward-pointing matches go
out and your final hypothesis for why upward-pointing matches go out. Use the Fire
Triangle.

11. Use complete sentences to explain how you could use what you have learned from
Experiments 1 and 2 to predict the spread of a wildland fire that starts on a hillside.
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Handout H02-2. Answer key to Experiment 2. Explain why
matches go out.

A potential data table might look like this:

Match is pointing... Down Up
Flame length (centimeters)

Duration of burning (seconds)

Roles might include an igniter, observer, measurer, and recorder.
Questions 8 and 10 — hypotheses:

Why did the downward-pointing matches go out? The downward-pointing matches went out
mainly because they ran out of fuel. However, if a small piece of match was left in the alligator
clip, lack of fuel cannot be the full explanation. Lack of heat probably contributed, since some of
the heat was conducted away into the alligator clip. Lack of oxygen may have contributed a
little as well, since the clip prevented oxygen from getting to the entire surface of that little
remnant of fuel.

Why did the upward-pointing matches go out? Most of the upward-pointing matches probably
went out before they burned down all the way down to the alligator clip. Thus, lack of fuel
cannot be the explanation. It cannot be lack of oxygen either, since there is no evidence that
the upward-pointing matches have less access to oxygen than the downward-pointing matches;
furthermore, the students have not experienced any trouble breathing (unless someone is
highly sensitive to smoke), which would indicate that there is no shortage of oxygen in the air.
The matches went out mainly because heat was going up, away from the fuel. Thus the
explanation lies in the relationship between two components of the Fire Triangle.

Question 11. Use complete sentences to explain how you could use what you have learned
from Experiments 1 and 2 to predict the spread of a wildland fire that starts on a hillside.

Fire is likely to spread more rapidly uphill than downhill because most of the heat goes uphill.
When the fuel is above the heat source (as with the downward-pointing match), it burns quickly
and completely. When fuel is below the heat source (as with the upward-pointing match), it
burns slowly or not at all.
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Handout H02-3. Experiment 3. Prove that fire requires oxygen.

Name

Your objective is to show that fire requires oxygen. To do this, you need to have some kind of
gas to replace oxygen. You will create and use carbon dioxide for this purpose.

Background: When you were younger, you may have poured vinegar into a cup of baking soda
to create a “volcano.” The process created a froth that quickly foamed up and out of the cup.
The bubbles in the froth were made of carbon dioxide. You will use this technique to create a
gas that can replace oxygen in a container. Here is the chemical explanation:

Vinegar combines with baking soda to produce carbonic acid and sodium acetate [equation 1].
The sodium acetate stays dissolved in water, while the carbonic acid breaks down into carbon
dioxide and water [equation 2]. This process is a chemical change because atoms are
rearranged to form different kinds of substances.

[1] vinegar + baking soda —  carbonicacid + sodium acetate
(acetic acid) (sodium bicarbonate)
CH,COOH NaHCO, H,CO,(aq) NaCH,COO(aq)
[2] carbonicacid — carbon dioxide + water
H,CO,(aq) CO2 H-O

The atomic weight of carbon (C) is 12 g. The atomic weight of oxygen (O) is 16 g.

Procedure: Develop a plan for using the materials at your lab
bench to create carbon dioxide and to show that fires require
oxygen. Explain your plan to the teacher. When you have
his/her approval, proceed. As you are working, note any
safety issues that arise and address them right away. After
your first attempt, spend some time changing your approach
and trying different things.

Once you developed a method that works and demonstrated that it is repeatable, on a
separate sheet of paper:

1. Describe your favorite or final method.

2. Record all safety issues that arose and how you addressed them.

3. Record one experimental approach you tried that did not work as well as your favorite/final
approach.

4. Use the molecular weights of CO,and O; and the Fire Triangle to explain how your
demonstration proves that fire requires oxygen.

September 2, 2019 HO2

26



Handout HO2-3. Answer key to Experiment 3. Prove that fire
requires oxygen.

1. Describe your favorite/final method. Here are 3 possible demonstrations. No doubt there
are others!

e Make CO; in a container by mixing vinegar with baking soda. Insert a burning match into the
container. It will be extinguished as soon as it enters the CO; layer.

e Place a candle inside a container. Spoon 10-20 cm? of baking soda around its base. Pour
about 50 mL of vinegar in. Then try to light the candle. Again, the match will be extinguished
as soon as it enters the CO; layer.

e Place a candle on the metal tray. Make CO; in a container. After the froth settles a bit, pour
the CO; from the container over the candle — without pouring out any of the liquid that has
formed at the bottom of the container. (This feels a little bit like pantomime, since the CO;
is invisible.) The CO, will put out the flame.

2. Record all safety issues that arose and how you addressed them. These could include:
Because heat rises, it is best to use a long fireplace match to try to light a candle inside the
container.

e Should you reach your hand into a container that contains a burning candle? You could try
the oven mitt, but it could burn. You can tilt the container, but your CO, will pour out.

e The flame can get long (and hot) on the long fireplace match. Don’t hesitate to blow out the
match and try again. You might use the oven mitt to hold the match.

3. Record one experimental approach you tried that did not work as well as your “final”
approach.

4. Consider the molecular weights of CO,and Oz and the Fire Triangle to explain how your
demonstration proves that fire requires oxygen.

After the chemical reaction is complete, the container contains CO; rather than O,. The CO;
stays on the bottom of the container because it is heavier than O3, as we can see from this
calculation of the molecular weights of the two compounds:

Element Atomic weight
Carbon (C) 12 g
Oxygen (0O) 16 g

A mole of CO; weighs 12g+2 *16g=44g¢g
A mole of O, weighs 2*16g =32¢g

Fires cannot burn in this oxygen-deprived environment.
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Handout H02-4: Three Kinds of Fire Extinguishers

Read your assigned section. Then describe your fire extinguisher to your group and explain
how it works by stating which part(s) of the Fire Triangle is/are removed. The information
below is taken from https://www.osha.gov/SLTC/etools/evacuation/portable about.html.

A: Air Pressurized Water Fire Extinguishers

Different types of fire extinguishers are designed to fight different types of fire. The three
most common types of fire extinguishers are: air pressurized water, CO; (carbon dioxide),
and dry chemical. An air pressurized water fire extinguisher (labeled A) should be used to put
out fires in paper, cloth, wood, rubber, and many plastics. Water is one of the most
commonly used extinguishing agents for type A fires. You can recognize an air pressurized
water extinguisher by its large silver container. They are filled about two-thirds of the way
with ordinary water, then pressurized with air. In some cases, detergents are added to the
water to produce foam. They stand about two to three feet tall and weigh approximately 25
pounds when full. Air pressurized water extinguishers put out fires by cooling the surface of
the fuel.

B: CO; Fire Extinguishers

Different types of fire extinguishers are designed to fight different types of fire. The three
most common types of fire extinguishers are: air pressurized water, CO; (carbon dioxide),
and dry chemical. A carbon dioxide fire extinguisher (labeled B) should be used to put out
fires in oils, gasoline, some paints, lacquers, grease, solvents, and other flammable liquids.
This type of extinguisher is filled with carbon dioxide (COz), a non-flammable gas, under
extreme pressure. Because of the high pressure, when you use a CO; extinguisher pieces of
dry ice shoot from the horn. These pieces have a cooling effect on the fire. You can recognize
this type of extinguisher by its hard horn and lack of a pressure gauge. CO; cylinders are red
and range in size from five to 100 pounds or heavier.

C: Dry Chemical Fire Extinguishers

Different types of fire extinguishers are designed to fight different types of fire. The three
most common types of fire extinguishers are: air pressurized water, CO; (carbon dioxide),
and dry chemical. A dry chemical fire extinguisher (labeled C) should be used to put out fires
in wiring, fuse boxes, energized electrical equipment, computers, and other electrical
resources. Dry chemical extinguishers put out fires by coating the fuel with a thin layer of fire
retardant powder. The powder also works to interrupt the chemical reaction, which makes
these extinguishers extremely effective. They contain an extinguishing agent and use a
compressed, non-flammable gas as a propellant.

September 2, 2019 HO2

28


https://www.osha.gov/SLTC/etools/evacuation/portable_about.html

Handout H02-4. Teacher Key:
Explanations for “Three Kinds of Fire Extinguishers” Reading

A: Air Pressurized Water Fire Extinguishers

Air pressurized water extinguishers put out fires by cooling the surface of the fuel to remove
the "heat" element of the Fire Triangle. The water may also block the fuel surface from its
contact with oxygen. For more details see step 3 in “Procedure” above.

B: CO; Fire Extinguishers

CO; fire extinguishers put out fires by cooling the surface of the fuel to remove the "heat"
element of the Fire Triangle. The carbon dioxide also displaces oxygen.

C: Dry Chemical Fire Extinguishers

Dry chemical extinguishers put out fires by coating the fuel with a thin layer of fire retardant
powder, which separates the fuel from the oxygen. The powder also works to interrupt the
chemical reaction, which makes these extinguishers extremely effective. “Interrupting the
chemical reaction” means that less heat is produced, which slows the burning process.
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3. The Fire Triangle, Combustion, and the Carbon

Cycle

Lesson Overview: Students use an

experiment, a PowerPoint presentation, and

a technical article to explore how the Fire
Triangle relates to the chemical equation
(model) for combustion and the carbon
cycle.

Lesson Goals: Increase students’
understanding of combustion and the
connections between combustion and the
global carbon cycle.

Objectives:

Subjects: Science, Mathematics, 4
Speaking and Listening, Health and ‘ ¥

Safety

Duration: one 90 minute session
Group size: Whole class/groups.
Setting: Classroom

Vocabulary: atom, carbon, carbon
cycle, carbon dioxide, carbon sink,
carbon source, cellular respiration,
chemical equation, photosynthesis

e Students can explain that combustion produces water, carbon dioxide, heat, and light.
e Students can explain how forests and wildland fire store and release carbon and how this

process is related to fire.

Standards: gth 10t 11t 12t
CCSS Writing 2,4,10 2,4,10
Speaking/Listening 1,2,4,6 1,2,4,6
Language 1,2,3,4,7,10 1,2,3,4,7,10
Science/Technical Subjects 1,4,6,7,10 1,4,6,7,10
NGSS Matter and Its Interactions PS1.A, PS1.B
Energy PS3.D
Earth’s Systems ESS2.D
EEEGL Strand 1 A,C,D,E,F,G
Strand 2.1 A

Teacher Background: For a refresher on the chemistry of combustion and life, review the
“Procedure” section below. Also download and review the presentation
HO3_FireTriangle_CarbonCycle_Connection.pptx. Here are some key concepts:

The three legs of the Fire Triangle actually represent the three inputs to the chemical equation
for combustion, where H represents Hydrogen atoms, O represents Oxygen atoms, and C
represents Carbon atoms:
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Fuel + Oxygen + Heat ——>  Carbon dioxide + Water + Heat&Light

C&Hatoms + O + alittle heat _—> co + 6H,0 + Heat&Light

2 2

The equation above does not give a specific formula for fuels, because they could be any
mixture of millions of compounds. The point is that all fuels contain a lot of carbon and
hydrogen. They usually contain oxygen and many other kinds of atoms as well. For example, the
equation for combustion of glucose (the main component of cellulose, which is the component
of wood that burns), with numbers of molecules balanced to show conservation of matter, is
this:

CH,0, + 60, + alittle heat _— 6CO, + 6H,0 + Heat/Light

The same equation represents cellular respiration, the process by which cells convert sugar into
the energy that keeps living things — including us — alive. How can cells do this without burning
up? They have enzymes! These are catalysts that make sure the energy in carbohydrates is
released in multiple tiny steps. At each step, a little energy from the bonds in the carbohydrate
molecule is captured in special energy-storage molecules, such as adenosine triphosphate
(ATP).

Because the equation for combustion and cellular respiration is the reverse of the chemical
formula for photosynthesis...

6CO, + 6H,0 + Heat/Light —> CH,0, + 60,

2

..the Fire Triangle can be used to introduce not only basic chemistry but also the basic
principles of the biochemistry of life.

For additional information, see William Cottrell’s The Book of Fire (2004, available from
http://mountain-press.com/). This is a well-illustrated, easy-to-read description of the physical
science of combustion and wildland fire.
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Materials and preparation:

Read the technical reading assignment “Sink or Source: Fire and the Forest Carbon Cycle” —
either the full article (online at www.firescience.gov/projects/briefs/03-1-1-06 FSBrief86.pdf)
or the 1-page excerpt/adaptation on Handout 03-2. Decide which version to have students use.

Decide on y9ur laboratory arrangement. This FireWorks Safety
demonstration produces flames about wh , -
en you do experiments with fire...
1_3 Cm Iong 1. Wear cotton clothing. No synthetic pants, soccer shorts, etc.
* 2. Wear closed-toed shoes. No sandals or flipflops.

. . 3. Tie back loose sleeves. g

e Display the FireWorks Safety poster &, T back louse hair
(FireWorks_Safety_poster.pptx in Activity H02) e

. Make sure spray bottles are close and filled with water.

e Download
HO3_FireTriangle_CarbonCycle_Connection.pptx Extinguish burned materisls with water beforeputing then i
e Make 1 copy of Handout H03-1 and 1 copy of Handout |, . ... o veu. stop,crom, snd .
HO03-2 (reading assignment) for each student (but if
students will read the technical article online, you do
not need to print Handout H03-2).
e Have a fully charged dry chemical fire extinguisher handy and know how to use it
e At your lab demonstration bench, you need the following items from the FireWorks trunk:
Two support stands
Two ~2.5” (~7 cm) diameter rings
Votive candle or other candle
Two fence-post caps (aluminum chain-link fence caps)
Oven mitt
Safety glasses
Spray bottle filled with water
e At your demonstration bench, you need the following that are NOT provided in the trunk:
o Electric hot plate
o Matches or lighter
o Tissue (optional)
o Flashlight (optional)

6.

7. Wear safety goggles when burning.

8. Neverlean over a fire.

9. Extinguish burned materials with water before putting them in the

Use fire ONLY if a responsible adult is working with you.

O O O O O o0 O

Preparation:

1. The day before you do this demonstration, fill
the fence-post caps with water and freeze.
(To keep them upright in the freezer, prop
them in an empty egg carton, ice cube tray,
muffin tin, etc.)

2. Set up the first support stand with the ring
above the candle, so the bottom of the cap
will be ~3 cm from the candle flame. el

3. Set up the second support stand with the ring  Setup for water-drop demonstration. Hot plate is
above the hot plate, so the bottom of the cap heat source on the left; lighted candle is heat
will be ~3 cm from the hot surface. source on the right.
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Procedure — Part 1. Developing a bigger, better model of combustion (presentation)

1. Go through HO3_FireTriangle_CarbonCycle_Connection.pptx, Slides 1-5:

Slide
1 r

The Fire Triangle, Combustion, and the Global Carbon Cycle

—_—

Slide

+  heat ——+ Carhondioxide+ Water +

Heat & Light

)

heat  — co,

+  heal | —+ Carbondioxide+ Waler +

+ HO

Heat & Light

+ Heat & Light

Explain: We've been studying the Fire Triangle and
the process of combustion. Let’s explore
combustion a little more deeply and then fit it in
with the basic life processes on Earth, as described
in the Global Carbon Cycle.

We’'ll start with the Fire Triangle: oxygen, fuel, and
heat. If you break it apart and line up the
“ingredients,” you have an arithmetic expression
for what makes fires “go” — what makes
combustion happen.

Now let’s list the products of combustion: carbon
dioxide, water, heat, and light.

We can use chemical symbols for both the
ingredients and the products of combustion.
However, it’s a little tricky to give a specific formula
for fuels, because they could be any mixture of
millions of compounds. But all fuels contain carbon
and hydrogen, and they usually contain oxygen and

other kinds of atoms as well. Let’s use the formula for glucose, CsH120s, since the
main component of woody fuels is cellulose - a very long chain of glucose
molecules. Now we have a brand-new model — the chemical formula (“equation”)

for combustion.

Slide

ndioxida + Waler +

+ HO
+ HO

+ BH,O

Hual & Light

+ Heal & Light
+ Heal & Light

+ Heat & Light

Finally, let’s make sure the equation shows that the
number of atoms going into the combustion
process is the same as the number that are
produced. This is called “balancing” the equation.
Our new model is more complicated than the Fire
Triangle, but it is also more powerful. It helps us

keep track of the atoms that are moved around in this chemical change, and it lets

us predict how much of each “ingredient

” (ll

reactant”) is needed to produce a

specific amount of each product. ~~~~~~ Part 1 of the lesson ends here. Part 2 is a

lab investigation.
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Procedure — Part 2. Does combustion really produce water? (Lab demonstration — get the
fence-post caps out of the freezer.)

2. Hook: Look again at the chemical equation for combustion. It says that combustion

produces water! But that seems counter-intuitive, since we use water to PUT FIRES OUT.
Let’s treat that idea as our hypothesis and then try to verify experimentally that combustion
does produce water.

Write on the board: Hypothesis: Combustion produces water.

Ask and discuss: Have you ever seen water dripping down the sides of a glass of ice water in
the summer, when the weather is hot and perhaps humid? What is happening there? Water
vapor in the air is touching the cold surface of the glass, where it is rapidly cooled from gas
to liquid phase. It condenses on the surface of the glass, and eventually droplets come
together and run down the sides.

Explain and discuss: We can use the fact that water vapor condenses on cold surfaces to
test our chemical equation, our model of combustion — to see if combustion actually does
produce water. We’re going to melt the ice in the two cups (actually post-caps, in which you
froze some ice yesterday) using heat from two different sources: a candle flame and an
electrical hot plate.

e How is the heat transferred from these two heat sources? The heat from the candle is
transferred mainly by convection of hot gases produced by the chemical reaction of
combustion. The heat from the hot plate is transferred mainly by radiation. There is no
chemical change going on, and no hot gases are produced by the heating process.

e What do you expect to happen? Write expectations on the board below “Hypotheses.”
The ice will melt.

e Based on your understanding of the combustion equation, do you expect any
differences between the two procedures? Water vapor produced by the burning candle
will touch the cold surface of the cup, where it should cool rapidly and condense into
droplets. No water vapor is being produced by the hot plate (combustion is not
occurring), and its heat is vaporizing any water from the atmosphere that might
otherwise condense on the outside of the up, so this cup should remain dry.

6. Place a cup (with water frozen) in each ring.

7. Light the candle and turn on the hot plate.

December 18, 2019 HO3

35



8.

10.

Have the students go back and
forth, observing each cup until
the ice inside has melted to a 2-3
cm chunk. A flashlight may help
them see what is happening more
clearly. The bottom of the cup
over the hot plate will be dry. The
bottom of the cup over flame will
be covered with water droplets,
and a large drop may collect right
above the flame.

Discuss: What differences did you
observe? What caused the

differences? Were any of our Results of water-drop demonstration. No water is visible on
hypotheses verified? The bottom the electrically-heated post cap; water droplets have

of the cup over the hot plate is condensed on the combustion-heated post cap.

dry because the heat source is
not producing water vapor. The bottom of the cup over the candle is moist because water
produced by combustion is condensing on the cold surface of the cup.

Additional discussion points: Smoke contains partly-burned particles of fuel. Water vapor
condenses especially well on particle surfaces, so it condenses on the smoke particles. A
wildland fire may produce so much water vapor that it eventually condenses in the cold
upper atmosphere and creates rain that falls along the edges of the fire.

Procedure — Part 3. The Carbon Cycle (remainder of)

11.

Return to HO3_FireTriangle_CarbonCycle_Connection.pptx at slide 6, and finish the
presentation. Use the final slide to introduce the assessment:

Slide | me e uangle, conpustonana e Gttt cron e | Procedure Part 3. Now let’s see how the process
6 of combustion fits into the life processes on
Planet Earth.
Slide  [amusion Here’s our model of combustion.
7 CoHi205 + 60, + allitle heatlight —» 6CO, + 6H,0 + a lot of heatlight
Slide s Here’s another chemical equation. It describes
8 C:H"::;:mtr602+ alittle heat/light — 6CO, + 6H,0 + a lot of heat/light the process that Iiving things use to obtain
S energy — a process called respiration: What do
CgHy,05 + 60, + alittle heat/light — 6CO, + 6H,0 + alot of heat/light you notice about these tWO equationS? Discuss or
explain: Fire isn’t the only process that takes
December 18, 2019 HO3
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energy from carbohydrates and releases CO, and water into the air. Respiration is
just a fancy word for breathing; breathing is how we get oxygen to our cells so
they can produce energy, a process called cellular respiration. Almost EVERY living
thing uses cellular respiration to get energy from carbohydrates — animals, plants,
algae... even the tiniest microorganisms use cellular respiration. But if plants and
animals just kept on doing respiration, all the carbohydrates and oxygen on earth
would be converted to CO,. We wouldn’t last very long. Ask: How do
carbohydrates and oxygen get replenished—how do we reverse the process?

Slide | /Gombustion: | Discuss or explain: Lucky for us, plants are able to
9 CyH1,05 + 60, + alittle heatlight — 6CO, + 6H,0 + a lot of heatlight .
g reverse the processes of combustion and
Ef:iig?ﬁfgzoz+ alittle heat/light —> 6CO, + 6H,O + a lot of heat/light resplratlon by grabblng the energy from Sunllght
and storing it in the high-energy bonds of
BT o - oo+ 0, carbohydrates. This is photosynthesis. The

chemical equation for photosynthesis is the mirror
image of the equation for combustion of glucose and respiration. So all living
things — especially animals - ensure that there is abundant CO; in the atmosphere,
which means plants can grow well, which means there’s plenty of food for animals
(including us!) to eat. It also means fuels are abundant, which means there’s
plenty of fuel for fires to burn.

Slide — Ask: Where are combustion, respiration, and
10 I —‘ photosynthesis occurring in the image?
) 7T [Cﬁ\ [k Photosynthesis occurs where sunlight & oxygen
Ny hese he tree 1 relassing caron o, wat
R 2 C. g carbon dioxide, water,

and smoke into the air. All the other processes —
growth, uptake of water and minerals by plants,
decay, and defecation - are powered by cellular respiration. Discuss/explain: All of
these processes, put together, are called the Carbon Cycle. It is a cycle because
you can trace carbon as it moves through one process after another, from one
kind of molecule to another. Throughout the process, carbon is reused at every
step.

Slide __The Global Cerbon Cycle | Explain: See the labels on the picture. We often

1 talk about “burning” calories or carbs. “Burning” is
a short way of saying we use cellular respiration to
get the energy we need to rearrange food
molecules (carbs) into the molecules we need to
live (proteins, DNA, etc. — which make muscle,
eyeballs, babies, poop, etc.) Ask: Where in this
diagram are forests storing carbon? Forests are
storing carbon wherever photosynthesis is occurring — in the diagram, that is ONLY
the arrow that goes from the sun to the tree. Storage reservoirs of carbon are
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called carbon sinks. Where are forests releasing carbon? Forests are releasing
carbon everywhere else in the diagram. These locations are called carbon sources.
Overall, do forests function as carbon sources or carbon sinks?

Slide
12

e P feescisnes on fpeslec,

called a carbon source.

Assessment:

Explain: Your assignment is to read this article (or
the excerpt/adaptation on Handout H03-2) so you
can answer that question. Let’s review terms so
we’ll “get” what the article is saying: When carbon
accumulates and is being stored for an indefinite
period, it is considered to be a carbon sink. When
carbon is being released to the atmosphere, it is

e Give each student a copy of Handout HO3-1.

e Have them answer items 1 and 2 based on the demonstration and the presentation.

e Have them do the reading assignment and then complete item 3. Reading assignment: Have
students read EITHER the full article entitled Sink or source? Fire and the forest carbon cycle
available at www_firescience.gov/projects/briefs/03-1-1-06 FSBrief86.pdf OR the

excerpt/adaptation on Handout HO3-2.

Evaluation: Use the answer key to Handout HO3-1 to evaluate student responses.
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Handout HO3-1. Water, Combustion, and the Global Carbon
Cycle Name:

1. Write one paragraph that explains what is
going on in the white columns of smoke in
this photo. Use what you know about
where heat goes and the products of
combustion.

Smoke produced by 2010 Eagle Trail Fire, Tok,
AK. Photo by Larry Walsh (inciweb.nwcg.gov).

2. Write a few sentences that explain how the chemical processes of combustion, cellular
respiration, and photosynthesis are related.

3. Read the article “Sink or Source: Fire and the Forest Carbon Cycle” (or excerpts on Handout
HO03-2). Then write 1-2 paragraphs that answer these questions. Use specific evidence and
qguotes from the article to support your answers.

a) Based upon the information in the article, how does stand-replacing fire affect whether
forests are a source or sink for carbon?

b) Does a forest change over time from source to sink or from sink to source?

c¢) What is the most important variable that makes an ecosystem gain or lose carbon after
fire?
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H03-2: Reading: Excerpted/adapted from
“Sink or Source: Fire and the Forest Carbon Cycle”*

Forests have a life cycle. In that cycle, trees die after disturbance,
such as stand-replacing fire, and their death sets the stage for new
growth to begin. If a forest has completely replaces itself after a
fire, there is no net carbon change. The fire itself consumed only
about 10 to 20 percent of the carbon and immediately emitted it
back into the atmosphere. But the fire killed some trees without
consuming them. Then new trees began to grow (storing carbon),
dead trees decompose (emitting carbon), and the organic layer of the soil accumulates (storing carbon)
and also begins to decay (emitting carbon). The balance between simultaneous production and
decomposition of carbon at any given time determines whether the forest is a carbon source or sink.
The net ecosystem carbon balance, also known as net ecosystem production (NEP), specifically
guantifies the annual net change in carbon stored in the ecosystem. That’s the “magic number,” so to
speak, that tells us whether a forest is a carbon source (negative NEP) or sink (positive NEP) at any given
time. NEP is often quantified on an annual basis and for a single forest stand. But to determine whether
an entire landscape (which is composed of many stands of different ages) is a carbon source or sink over
a longer time frame, annual NEP must be assessed over both space and time.

During a fire, carbon is lost to the atmosphere through combustion. Stand-replacing fires kill living
biomass in forests and reduce carbon gains to near zero. But that is a short-term measure. The strongest
effect of fire on carbon cycling occurs in the changing balance between carbon lost through subsequent
decomposition and simultaneous carbon gains through growth of new vegetation. In fact, the
decomposition of dead biomass that lasts for several decades after fire can release up to three times as
much carbon as that lost in the initial combustion. During this period, carbon lost through
decomposition exceeds the carbon accumulating in regrowth. Then, as the forest continues to
reestablish and decomposition tapers off, carbon storage in trees gradually “catches up,” and the carbon
balance of loss and gains approaches an NEP of zero. According to Dr. Ryan [interviewed for this article],
“In 30 to 40 years or so of regeneration, you cross the positive line because growth and accumulation is
outpacing the decomposition of the dead matter. And then in approximately 80 to 100 years, the
ecosystem has recovered completely to pre-fire carbon levels.”

So over the first century after stand-replacing fire, the landscape first becomes a carbon source and then
becomes a carbon sink. Long-term effects of fire (over centuries) on the carbon balance depend on post-
fire regeneration and fire frequency. We see a large difference in the ability to recover pre-fire carbon
storage levels between stands with slow regeneration and stands that replace biomass quickly. The
take-home message is that the replacement of biomass for a given stand over multiple fire intervals
determines the relationship between fire and the carbon balance. If, as a result of crown fire, a forest
converts to grassland or meadow rather than regenerating, much carbon can be lost from the
ecosystem. Dr. Ryan emphasizes the point: “Regeneration is absolutely critical to carbon. If you don’t
get regeneration, the ecosystem loses about half of its carbon.” But if the forest does regenerate—and
exists on the landscape long enough before the next stand-replacing fire—it will recover the carbon lost
over the fire cycle.

*Frame, Christine. 2010. Sink or source? Fire and the forest carbon cycle. Fire Science Brief. Joint Fire Science Program. Issue
86. 6 p. Available: www.firescience.gov/projects/briefs/03-1-1-06 FSBrief86.pdf.
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Handout H03-1: Answer Key/Evaluation
Water, Combustion, and the Global Carbon Cycle

1. Write one paragraph that explains what is going on in the white columns of smoke in this
photo. Use what you know about where heat goes and what chemicals are produced by
combustion.

Answer: The smoke is rising because heat usually does rise, as we observed in an earlier
experiment. The model says that combustion produces water vapor, and we saw that in the
demonstration that the water condenses into droplets when it cools. Water vapor produced by
the fire must be cooling and condensing as it rises. The model also says that combustion
produces carbon dioxide, so that must be in the plume too — even though we can’t see it.

Optional details: Smoke contains partly-burned particles of fuel. Water vapor condenses
especially well on surfaces, so it condenses on the smoke particles. A wildland fire may produce
so much water vapor that it eventually condenses in the cold upper atmosphere and creates
rain that falls along the edges of the fire.

2. Write a few sentences that explain how the chemical processes of combustion, cellular
respiration, and photosynthesis are related.

The chemical reactions of combustion are basically the same as those in cellular respiration.
The chemical process of photosynthesis is the reverse of combustion and cellular respiration.

3. Read the article “Sink or Source: Fire and the Forest Carbon Cycle” (or excerpts on Handout
HO03-2). Then write 1-2 paragraphs that answer these questions. Use specific evidence and
qguotes from the article to support your answers.

a) Based upon the information in the article, how does stand-replacing fire affect whether
forests are a source or sink for carbon?

b) Does a forest change over time from source to sink, or from sink to source?

c) What is the most important variable that makes an ecosystem gain or lose carbon after
fire?

Answer: Forests are usually a carbon sink. Stand-replacing fires convert forests into a carbon
source for a few decades. Then — if trees regenerate successfully - the forest gradually changes
back into a carbon sink after about a century. A lot of carbon is released during a severe
wildfire, and then even more carbon is released through the decomposition that follows the
fire. That is why, during this time, the forest is a carbon source. As the forest grows back, it
manufactures and stores a lot of carbohydrates. Eventually, the pace of storing new
carbohydrates surpasses the pace of decomposition. That means the forest has become a
carbon sink again.
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The most important variable that determines whether the ecosystem gains or loses carbon
after fire is tree regeneration. If trees grow back successfully after a stand-replacing fire, forests
usually become carbon sinks again in about 100 years. If trees do not regenerate and the forest

becomes a grassland or shrubland, it may remain a carbon sink for many centuries. It may not
ever store as much carbon as before the fire.
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4. Heat Transfer

Lesson Overview: In this lesson, students work in
small groups to create demonstrations that show Subjects: Science, Reading, Writing,
the three ways that heat can be transferred. Speaking and Listening, Arts

) Duration: 45 minutes (or less)
Lesson Goal: Increase students’ understanding of

) Group size: Whole class working in
how heat is transferred.

small groups

Setting: Indoors

Vocabulary: heat transfer, radiation,
convection, conduction

Objectives: Students can create a way to
demonstrate the three methods of heat transfer.

Standards: 9th 10th | 11th | 12th
Common Core ELA Speaking/Listening 1,2,4,6 1,2,4,6
Language 1,2,3,4,7,10 1,2,3,4,7,10
NGSS Earth’s Systems ESS2.D
Earth and Human Activity ESS2.D, ESS3.B
EEEGL Strand 1 A,C,D,E,F,G

Teacher Background: This lesson is a review of the mechanisms of heat transfer. See the
“Procedure” section.

Materials and Preparation:

e Download Heat Transfer image.pptx
(shown at right)

e Props such as bags of candy, balls of
yarn, pingpong balls, etc.

A
CONVECTION

Procedure:

1. Project Heat Transfer image.pptx and
use it to review the three methods of
heat transfer: conduction, convection,
and radiation.

e Conduction: Heat is transferred
through direct contact between
atoms or molecules within solid objects. In wildland fire, conduction enables heat to
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move from an object’s outside to its inside and from one solid object to another one
that is touching it.

e Convection: Heat is transferred by hot gases as they expand into the cooler gases
surrounding them. Since Earth’s atmosphere becomes “thinner” (less dense) as you go
up in altitude, “up” has less resistance to the expanding gases than “sideways” or
“down.” Thus hot air generally rises.

e Radiation: Heat is transferred through space from the object where it is generated to
the first atom or molecule that intercepts it. For example, heat from the sun travels
through almost 100 million miles of space before it is intercepted by the leaves of
plants, where photosynthesis occurs or our skin, where sunburn occurs. Radiation from
a wildland fire can heat the fuels before they are actually ignited.

2. Ask the class to point out the strengths and weaknesses of the models. Maybe have

students vote on the model that most clearly represents each method of heat transfer.

Assessment: Explain: Students will work in groups to model the three methods of heat transfer.
Students can use props, group members, conversation, narration, skits, etc., to model how each
method of heat transfer works.

Here we give 1 possible example of each demonstration:

Radiation: Students can demonstrate radiation by using balls of yarn, pieces of candy, or
other small objects to represent heat. One student could represent the heat source (sun,
fire, or other), and other students could represent molecules in air and in solid objects,
including fuels. The heat source would throw the objects, and only the molecules they
touch are heated.

Conduction: Students can demonstrate conduction by standing side by side in a long line,
shoulder to shoulder. The students would represent atoms within a solid object, like a
metal. Heat would be represented by a bag of candy or other small objects. The students
would pass the bag from one student to the next, each one taking a piece from the bag (i.e.,
absorbing some heat) and passing the bag on to the next student.... all the way to the end
of the line or until the bag is empty.

Convection: Students can demonstrate convection by lining up shoulder-to-shoulder. They
should imagine that their line is vertical rather than horizontal. One or two students
represent a parcel (“bubble”) of hot air; they carry a bag of candy or other small objects.
They walk from one end of the line (the imaginary bottom of a column of air) toward the
other end (the imaginary top). Their bubble of hot gases is expanding from the bottom
toward the top, transferring heat (small objects) to the surrounding air and thus cooling as
they go. If they empty the bag of objects, they stop. This means that their air bubble has
roughly the same amount of energy per molecule (is the same temperature) as the
molecules in the air around them.
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Evaluation: This is a credit/no credit activity. Evaluate students on their contributions during
the planning process, engagement in the presentations, and follow-up discussion.
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5. Fuel Properties

Lesson Overview: Students explore the
properties of wildland fuels through reading, a
fuel scavenger hunt, and structured
experiments.

Subjects: Science, Reading, Writing,
Speaking and Listening, Arts
Duration: 90 minutes

Group size: Whole class
Lesson Goal: Increase students’ P

understanding of how fuel properties affect
burning and how to design experiments.

Setting: Indoors

Vocabulary: fine fuels, coarse fuels, fuel
loading, fuel moisture, experiment,
treatment, spatial arrangement

Objectives:

e Students can design experiments that test
how fuels with contrasting properties burn.

e Students can apply observations from experiments to explain how wildland fuels with
various properties burn.

Standards: 9th 10th 11th 12th
CCSS Reading Informational Texts 1,2,4,7,10 1,2,4,7,10
Language 1,2,3,4,6 1,2,3,4,6
Reading Standards Science/Tech 1,4,6,7,10 1,4,6,7,10
NGSS Earth’s Systems ESS2.D
Earth and Human Activity ESS2.D, ESS3.A, ESS3. B
EEEGL Strand 1 A,C,D,E,F,G

Teacher Background: See Handout H05-1 “Fuel Properties: Pre-Lab Reading and Scavenger
Hunt”.

Materials and Preparation:

This activity requires that students do a technical reading and an outdoor search for various
kinds of fuels before doing experiments in a laboratory. Handout H05-1 contains instructions
for both. The reading can be done as homework. The outdoor activity can be done as
homework or as a mini-field trip.

Handout H05-2 contains instructions for the lab. It is presented here as a highly structured
activity. However, you could easily do it in an unstructured, inquiry-based way, as follows:
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e Through discussion, make sure students understand the principles of experimental
design AND the fuel properties to be investigated (fuel size and shape, moisture
content, quantity, and spatial arrangement).

e Distribute materials and supplies.

e Have students plan their experiments.

e Check/approve their plans.

e Have them complete the experiments.

e Discuss the whole process, including methods, results, and conclusions.

Student needs:
e Handout HO5-1: Fuel Properties: Pre-Lab Reading and Scavenger Hunt, one for each
student. Students should complete this 4-page handout before doing their experiments.
e Handout HO5-2: Fuel properties, one for each team, to be completed in the lab.

Set up your lab. It should have heat-resistant work surfaces and good ventilation or a hood. You
also need:

e 1 fire extinguisher

e 1 empty metal trash can without liner

Set up each student lab bench with:
e 8 sheets of newspaper (~57 x 63 cm)
e 2 Pietins
e ~25 matches
e 1 pair safety goggles
e 1lruler
e 1 water filled squirt bottle
e 1 digital scale
e 1 timer (phone, clock with second hand, stop watch)
e 1 metal tray (cookie sheet), if you would like the pie tins to sit on it

Procedure:

1. Atleast 1 day before the lab, distribute Handout HO5-1: Fuel Properties: Pre-Lab Reading
and Scavenger Hunt, 1 copy to each student. This 4-page handout requires students to read
and also to go outside, find examples of different kinds of fuels, and collect or sketch them.
Have students complete the handout as homework or during a mini-field trip the class
period before the lab.

2. Review Handout H05-1 as a class. Answer/discuss questions about it. Ask for examples of
fuels with contrasting properties (size and shape, moisture content, amount, and spatial
arrangement)?
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3. Distribute a copy of Handout H05-2: Fuel Properties to each student. Explain: Let’s
distinguish between an experiment (investigating a variable) and a treatment (the way that
variable is altered within an experiment). You will do 4 experiments; each experiment will
investigate 1 variable by doing 2 treatments.

4. Together, examine the data table on the second page. Explain: This table shows the
measurements you need to make. The final column is important because it asks you to
interpret your data —that is, what you have learned from your observations. If your results
surprise you — if they are not what you expect — that’s fine. Record your conclusions about
them anyway. You can also note how they surprised you and why you think that happened.

5. Stress the following:
e Within each experiment, keep all variables constant except the one you're
investigating. For example, your method of ignition should always be the same. Don’t
use colored newspaper for one treatment and black-and-white for the other.

e Plan your measurement methods before igniting a treatment. For example, who is going
to time the burn? Who is going to measure flame height? Will you measure maximum
flame height or typical or average? If the ruler is meltable or burnable, how can you
avoid wrecking it?

6. Have students get into groups and complete the experiments on Handout 05-2: Fuel
Properties.

7. Inclass, discuss students’ results and conclusions from each experiment.

Assessment: Take students to an outdoor setting where they can collect fuels and safely build
small campfires. Have them work in pairs to apply their knowledge of fuel properties. Each pair
needs:

e 1pietin

e matches or lighter

e water bottle

e oven mitt

e 1 metal tray (cookie sheet), if you would like the pie tins to sit on it.

Have a fire extinguisher, charged hose, and/or bucket of water nearby and ready to use, if
necessary.

Their goal is to collect fuel and make a mini-campfire that will easily ignite, sustain burning,
and consume most of their fuel. They must fit all of their fuel within the pie tin—no
overhanging fuel. For fun, consider distributing mini-marshmallows and kabab-skewers to roast
over their mini-campfires!
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Evaluation: Use any or all of the evaluation methods below. Evaluation of Handout H05-1 will
be based on individual student performance, while evaluation of Handout H05-2 and the
campfire will be based on team efforts and thus could be more difficult to parse out for
individual students.

Full Credit

Partial Credit

No Credit

properties)

Interpretation of
results consistent with

data.

Interpretation of results
inconsistent with data.

Handout All collections and Collections and sketches | Collections and sketches
HO5-1. Fuel | sketches complete 75% complete less than 50% complete
Properties

(reading &

Scavenger

Hunt)

Handout All experiments All experiments Experiments not

HO05-2 (fuel | completed. completed. completed or

interpretation of results
missing.

Assessment
campfire

Students’ fire ignited
easily and remained
burning until the
majority of the fuel
was consumed.

Students’ fire was
difficult to ignite but
eventually ignited and
consumed some fuel.

Students’ fire could not
be ignited. No fuel was
consumed.
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Handout HO5-1. Fuel Properties: Pre-Lab Reading and
Scavenger Hunt

Name:

Read this information to learn about wildland fuels. This will help you design experiments to
do in the lab. When you come to a “Scavenger Hunt assignment,” you will need to go
outdoors and either sketch something or collect something to bring to class.

Fuel Properties: Properties of wildland fuels influence how they burn. Specifically, fuel
properties determine how fires heat the fuels and how much oxygen is in contact with them,
and thus how quickly they will ignite and how long they will burn. Anyone who has built a
campfire knows that you have to choose your fuels wisely and arrange them carefully. Several
fuel properties influence fire behavior, including:

e Size and shape

e Moisture content

e Amount

e Spatial arrangement

1. Particle Size and Shape: The size and shape of fuel particles affect how fuels heat up. One

component of size and shape is the surface-area-to-volume ratio (SA/V). SA/V describes fuel

particle fineness — that is, the amount of outer surface exposed to air and heat, relative to its
volume. Surface-area-to-volume ratio is important because it affects the rate at which a fuel

particle will change temperature as a result of heat transferred from its surroundings.

Imagine lighting the fuels in a campfire by holding a match beneath them. As you know, the
match’s heat will rise, so the fuels will be heated by convection. Now ask: Which is easier to
ignite - a thick, dead log or a dead pine needle? The pine needle is easier to ignite (if it is dry, of
course), because the heat can penetrate the whole needle quickly, and the surface area
exposed to oxygen is great relative to the needle’s volume. The log is harder to ignite because
the heat that reaches the surface is transferred to the inside (so the log heats slowly), and
because the surface area exposed to oxygen is small relative to the log’s volume.

a. Examples of fine (small) fuels: grasses, leaves, pine needles, and twigs. Because fine fuels
are small, they burn up quickly — as long as they are dry.

Scavenger Hunt assignment: Find an example of a fine wildland fuel that is dry. Put the
sample in a bag and label it “fine fuel”.
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b. Examples of coarse (large) fuels: logs, stumps, and thick branches. Coarse fuels tend to
burn slowly. Think of a log as having many concentric layers of fuel. The outer layer has to
burn away before the next layer is exposed to oxygen and heat and can burn away,
exposing the next layer to oxygen and heat, etc., etc.

Scavenger Hunt assignment: Find an example of a coarse wildland fuel. Draw it below.

Include a measurement or an object to show how big the fuel actually is:

4 )
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2. Moisture Content: How well fuels ignite and burn depends, to a large extent, on their
moisture content. The drier the fuels, the less heat is needed to remove the water they contain.

a. Wet Fuels: Moisture makes fuels hard to ignite and also makes them burn slowly. This is
because the moisture must be heated up and vaporized before a particle can be heated to
ignition temperature. Moisture may also make them fuels incompletely, producing a lot of
smoke.

b. Dry Fuels: The drier the fuels, the less heat needed to remove water, so the more easily
they will ignite and the more completely they will burn. That’s why you don’t use wet wood
to make a campfire!

Scavenger Hunt assignment: Find an example of a moist wildland fuel and an example of a
dry wildland fuel. Put them into separate bags and label them “wet fuels” and “dry fuels”.

3. Fuel Loading refers to the amount of fuel present. Fuel loading is measured in terms of

weight per unit area (for example, tons per acre). The more fuel, the longer your fire can burn

and the more heat it can produce.

Scavenger Hunt assignment: Find a landscape with heavy fuel loading and find a landscape with

light fuel loading. Sketch and label them in the boxes below.
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4. Spatial Arrangement means how fuels are arranged in space, both horizontally and vertically.
Fuel continuity describes the spacing of fuel particles — close together or far apart.

a. Continuous Fuels: fuels that are in contact with each other with no substantial gaps
between them. Continuous fuels provide an uninterrupted path for fire spread, either
horizontally or vertically.

Scavenger Hunt assignment: Find a landscape with continuous fuels (either horizontal
or vertical) and sketch it in the box.
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b. Discontinuous Fuels: describ