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 Correlations to National Science Education Standards: Grades 6-12

Content Standard A | Science aS inquiry
 � Abilities Necessary to do Scientific Inquiry (5-8)

 � Use appropriate tools and techniques to gather, analyze, and interpret data.

 � Develop descriptions, explanations, predictions, and models using evidence.

 � Think critically and logically to make the relationships between evidence and explanations.

 � Abilities Necessary to do Scientific Inquiry (9-12)
 � Use technology and mathematics to improve investigations and communications.

 � Formulate and revise scientific explanations and models using logic and evidence.

 � Recognize and analyze alternative explanations and models.

 � Communicate and defend a scientific argument.

Content Standard B | PhySical Science
 � Properties and Changes of Properties in Matter (5-8)

 � A substance has characteristic properties, such as density, a boiling point, and solubility, all of which are independent of the amount of the 
sample. A mixture of substances often can be separated into the original substances using one or more of the characteristic properties.

 � Substances react chemically in characteristic ways with other substances to form new substances (compounds) with different characteristic 
properties. In chemical reactions, the total mass is conserved. Substances often are placed in categories or groups if they react in similar 
ways; metals is an example of such a group.

 � Transfer of Energy (5-8)
 � Energy is a property of many substances and is associated with heat, light, electricity, mechanical motion, sound, nuclei, and the nature of 
a chemical. Energy is transferred in many ways.

 � In most chemical and nuclear reactions, energy is transferred into or out of a system. Heat, light mechanical motion, or electricity might 
all be involved in such transfers.

 � Structure of Atoms (9-12)
 � Matter is made of minute particles called atoms, and atoms are composed of even smaller components. These components have 
measurable properties, such as mass and electrical charge. Each atom has a positively charged nucleus surrounded by negatively charged 
electrons. The electric force between the nucleus and electrons holds the atom together.

 � Structure and Properties of Matter (9-12)
 � Atoms interact with one another by transferring or sharing electrons that are furthest from the nucleus. These outer electrons govern the 
chemical properties of the element.

 � Bonds between atoms are created when electrons are paired up by being transferred or shared. A substance composed of a single kind of 
atom is called an element. The atoms may be bonded together into molecules or crystalline solids. A compound is formed when two or 
more kinds of atoms bind together chemically.

 � The physical properties of compounds reflect the nature of the interactions among its molecules. These interactions are determined by 
the structure of the molecule, including the constituent atoms and the distances and angles between them.

 � Carbon atoms can bond to one another in chains, rings, and branching networks to form a variety of structures, including synthetic 
polymers, oils, and the large molecules essential to life.

This book has been correlated to National Science Education Content Standards. 
For correlations to individual state standards, visit www.NEED.org.
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 Correlations to National Science Education Standards: Grades 6-12
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 � Chemical Reactions (9-12)
 � Chemical reactions occur all around us, for example in health care, cooking, cosmetics, and automobiles. Complex chemical reactions 
involving carbon-based molecules take place constantly in every cell in our bodies.

 � Chemical reactions may release or consume energy. Some reactions such as the burning of fossil fuels release large amounts of energy 
by losing heat and by emitting light. Light can initiate many chemical reactions such as photosynthesis and the evolution of urban smog.

 � A large number of important reactions involve the transfer of either electrons (oxidation/reduction reactions) or hydrogen ions (acid/
base reactions) between reacting ions, molecules, or atoms. In other reactions, chemical bonds are broken by heat or light to form very 
reactive radicals with electrons ready to form new bonds. Radical reactions control many processes such as the presence of ozone and 
greenhouse gases in the atmosphere, burning and processing of fossil fuels, the formation of polymers, and explosions.

 � Catalysts, such as metal surfaces, accelerate chemical reactions. Chemical reactions in living systems are catalyzed by protein molecules 
called enzymes.

 � Conservation of Energy and the Increase in Disorder (9-12)
 � The total energy of the universe is constant. Energy can be transferred by collisions in chemical and nuclear reactions, by light waves 
and other radiations, and in many other ways. However, it can never be destroyed. As these transfers occur, the matter involved becomes 
steadily less ordered.

 � All energy can be considered to be either kinetic energy, which is the energy of motion; potential energy, which depends on relative 
position; or energy contained by a field, such as electromagnetic waves.

 � Heat consists of random motion and the vibrations of atoms, molecules, and ions. The higher the temperature, the greater the atomic or 
molecular motion.

 � Everything tends to become less organized and less orderly over time. Thus, in all energy transfers, the overall effect is that the energy is 
spread out uniformly. Examples are the transfer of energy from hotter to cooler objects by conduction, radiation, or convection and the 
warming of our surroundings when we burn fuels.

 � Interactions of Energy and Matter (9-12)
 � Waves, including sound and seismic waves, waves on water, and light waves, have energy and can transfer energy when they interact 
with matter.

Content Standard C | life Science
 � Regulation and Behavior (5-8)

 � All organisms must be able to obtain and use resources, grow, reproduce, and maintain stable internal conditions while living in a 
constantly changing external environment.

 � Populations and Ecosystems (5-8)
 � Populations of organisms can be categorized by the function they serve in an ecosystem. Plants and some microorganisms are 
producers—they make their own food. All animals, including humans, are consumers, which obtain food by eating other organisms. 
Decomposers, primarily bacteria and fungi, are consumers that use waste materials and dead organisms for food. Food webs identify the 
relationships among producers, consumers, and decomposers in an ecosystem.

 � For ecosystems, the major source of energy is sunlight. Energy entering ecosystems as sunlight is transferred by producers into chemical 
energy through photosynthesis. That energy then passes from organism to organism in food webs.

 � The Interdependence of Organisms (9-12)
 � The atoms and molecules on the Earth cycle among the living and nonliving components of the biosphere.

 � Energy flows through ecosystems in one direction, from photosynthetic organisms to herbivores to carnivores and decomposers.

 � Human beings live within the world’s ecosystems. Increasingly, humans modify ecosystems as a result of population growth, technology, 
and consumption. Human destruction of habitats through direct harvesting, pollution, atmospheric changes, and other factors is 
threatening current global stability, and if not addressed, ecosystems will be irreversibly affected.
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 Correlations to National Science Education Standards: Grades 6-12
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 � Matter, Energy, and Organization in Living Systems (9-12)
 � The energy for life primarily derives from the sun. Plants capture energy by absorbing light and using it to form strong (covalent) 
chemical bonds between the atoms of carbon-containing (organic) molecules. These molecules can be used to assemble larger 
molecules with biological activity (including proteins, DNA, sugars, and fats). In addition, the energy stored in bonds between the 
atoms (chemical energy) can be used as sources of energy for life processes.

 � The chemical bonds of food molecules contain energy. Energy is released when the bonds of food molecules are broken and new 
compounds with lower energy bonds are formed. Cells usually store this energy temporarily in phosphate bonds of a small high-
energy compound called ATP.

 � As matter and energy flows through different levels of organization of living systems—cells, organs, organisms, communities—and 
between living systems and the physical environment, chemical elements are recombined in different ways. Each recombination 
results in storage and dissipation of energy into the environment as heat. Matter and energy are conserved in each change.

Content Standard D | earth and SPace Science
 � Structure of the Earth System (5-8)

 � The solid Earth is layered with a lithosphere; hot, convecting mantle; and dense, metallic core.

 � Lithospheric plates on the scales of continents and oceans constantly move at rates of centimeters per year in response to movements 
in the mantle. Major geological events, such as Earthquakes, volcanic eruptions, and mountain building, result from these plate 
motions.

 � Some changes in the solid Earth can be described as the “rock cycle.” Old rocks at the Earth’s surface weather, forming sediments that 
are buried, then compacted, heated, and often recrystallized into new rock. Eventually, those new rocks may be brought to the surface 
by the forces that drive plate motions, and the rock cycle continues.

 � Living organisms have played many roles in the Earth system, including affecting the composition of the atmosphere, producing some 
types of rocks, and contributing to the weathering of rocks.

 � Earth’s History (5-8)
 � The Earth processes we see today, including erosion, movement of lithospheric plates, and changes in atmospheric composition, are 
similar to those that occurred in the past. Earth history is also influenced by occasional catastrophes, such as the impact of an asteroid 
or comet.

 � Earth in the Solar System (5-8)
 � The sun is the major source of energy for phenomena on the Earth’s surface, such as growth of plants, winds, ocean currents, and the 
water cycle. Seasons result from variations in the amount of the sun’s energy hitting the surface, due to the tilt of the Earth’s rotation 
on its axis and the length of the day.

 � Energy in the Earth System (9-12)
 � Earth systems have internal and external sources of energy, both of which create heat. The sun is the major external source of energy. 
Two primary sources of internal energy are the decay of radioactive isotopes and the gravitational energy from the Earth’s original 
formation.

 � The outward transfer of Earth’s internal heat drives convection circulation in the mantle that propels the plates comprising Earth’s 
surface across the face of the globe.

 � Geochemical Cycles (9-12)
 � The Earth is a system containing essentially a fixed amount of each stable chemical atom or element. Each element can exist in several 
different chemical reservoirs. Each element on Earth moves among reservoirs in the solid Earth, oceans, atmosphere, and organisms 
as part of geochemical cycles.

 � Movement of matter between reservoirs is driven by the Earth’s internal and external sources of energy. These movements are often 
accompanied by a change in the physical and chemical properties of the matter. Carbon, for example, occurs in carbonate rocks 
such as limestone, in the atmosphere as carbon dioxide gas, in water as dissolved carbon dioxide, and in all organisms as complex 
molecules that control the chemistry of life.
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 � The Origin and Evolution of the Earth System (9-12)
 � The sun, the Earth, and the rest of the solar system formed from a nebular cloud of dust and gas 4.6 billion years ago. The early Earth was 
very different from the planet we live on today.

 � Geologic time can be estimated by observing rock sequences and using fossils to correlate the sequences at various locations. Current 
methods include using the known decay rates of radioactive isotopes present in rocks to measure the time since the rock was formed.

 � Interactions among the solid Earth, the oceans, the atmosphere, and organisms have resulted in the ongoing evolution of the Earth 
system. We can observe some changes such as Earthquakes and volcanic eruptions on a human time scale, but many processes such as 
mountain building and plate movements take place over hundreds of millions of years.

Content Standard E | Science and technology
 � Understandings about Science and Technology (5-8)

 � Scientific inquiry and technological design have similarities and differences. Scientists propose explanations for questions about 
the natural world, and engineers propose solutions relating to human problems, needs, and aspirations. Technological solutions are 
temporary; technologies exist within nature and so they cannot contravene physical or biological principles; technological solutions 
have side effects; and technologies cost, carry risks, and provide benefits.

 � Many different people in different cultures have made and continue to make contributions to science and technology.

 � Science and technology are reciprocal. Science helps drive technology, as it addresses questions that demand more sophisticated 
instruments and provides principles for better instrumentation and technique. Technology is essential to science, because it provides 
instruments and techniques that enable observations of objects and phenomena that are otherwise unobservable due to factors such 
as quantity, distance, location, size, and speed. Technology also provides tools for investigations, inquiry, and analysis.

 � Perfectly designed solutions do not exist. All technological solutions have trade-offs, such as safety, cost, efficiency, and appearance. 
Engineers often build in back-up systems to provide safety. Risk is part of living in a highly technological world. Reducing risk often 
results in new technology.

 � Technological designs have constraints. Some constraints are unavoidable, for example, properties of materials, or effects of weather 
and friction; other constraints limit choices in the design, for example, environmental protection, human safety, and aesthetics.

 � Technological solutions have intended benefits and unintended consequences. Some consequences can be predicted, others cannot.

 � Understandings about Science and Technology (9-12)
 � Scientists in different disciplines ask different questions, use different methods of investigation, and accept different types of evidence 
to support their explanations. Many scientific investigations require the contributions of individuals from different disciplines, including 
engineering. New disciplines of science, such as geophysics and biochemistry often emerge at the interface of two older disciplines.

 � Science often advances with the introduction of new technologies. Solving technological problems often results in new scientific 
knowledge. New technologies often extend the current levels of scientific understanding and introduce new areas of research.

 � Creativity, imagination, and a good knowledge base are all required in the work of science and engineering.

 � Science and technology are pursued for different purposes. Scientific inquiry is driven by the desire to understand the natural world, 
and technological design is driven by the need to meet human needs and solve human problems. Technology, by its nature, has a more 
direct effect on society than science because its purpose is to solve human problems, help humans adapt, and fulfill human aspirations. 
Technological solutions may create new problems. Science, by its nature, answers questions that may or may not directly influence 
humans. Sometimes scientific advances challenge people’s beliefs and practical explanations concerning various aspects of the world.

 � Technological knowledge is often not made public because of patents and the financial potential of the idea or invention. Scientific 
knowledge is made public through presentations at professional meetings and publications in scientific journals.
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Content Standard F | Science in PerSonal and Social PerSPectiveS
 � Personal Health (5-8)

 � Natural environments may contain substances (for example, radon and lead) that are harmful to human beings. Maintaining 
environmental health involves establishing or monitoring quality standards related to use of soil, water, and air.

 � Populations, Resources, and Environments (5-8)
 � Causes of environmental degradation and resource depletion vary from region to region and from country to country.

 � Natural Hazards (5-8)
 � Human activities also can induce hazards through resource acquisition, urban growth, land-use decisions, and waste disposal. Such 
activities can accelerate many natural changes.

 � Risks and Benefits (5-8)
 � Risk analysis considers the type of hazard and estimates the number of people that might be exposed and the number likely to suffer 
consequences. The results are used to determine the options for reducing or eliminating risks.

 � Students should understand the risks associated with natural hazards (fires, floods, tornadoes, hurricanes, Earthquakes, and volcanic 
eruptions), with chemical hazards (pollutants in air, water, soil, and food), with biological hazards (pollen, viruses, bacterial, and 
parasites), social hazards (occupational safety and transportation), and with personal hazards (smoking, dieting, and drinking).

 � Individuals can use a systematic approach to thinking critically about risks and benefits. Examples include applying probability 
estimates to risks and comparing them to estimated personal and social benefits.

 � Important personal and social decisions are made based on perceptions of benefits and risks.

 � Science and Technology in Society (5-8)
 � Science influences society through its knowledge and world view. Scientific knowledge and the procedures used by scientists influence 
the way many individuals in society think about themselves, others, and the environment. The effect of science on society is neither 
entirely beneficial nor entirely detrimental.

 � Technology influences society through its products and processes. Technology influences the quality of life and the ways people 
act and interact. Technological changes are often accompanied by social, political, and economic changes that can be beneficial or 
detrimental to individuals and to society. Social needs, attitudes, and values influence the direction of technological development.

 � Science and technology have advanced through contributions of many different people, in different cultures, at different times in 
history. Science and technology have contributed enormously to economic growth and productivity among societies and groups 
within societies.

 � Scientists and engineers work in many different settings, including colleges and universities, businesses and industries, specific 
research institutes, and government agencies.

 � Science cannot answer all questions and technology cannot solve all human problems or meet all human needs. Students should 
understand the difference between scientific and other questions. They should appreciate what science and technology can reasonably 
contribute to society and what they cannot do. For example, new technologies often will decrease some risks and increase others.

 � Personal and Community Health (9-12)
 � Hazards and the potential for accidents exist. Regardless of the environment, the possibility of injury, illness, disability, or death may 
be present. Humans have a variety of mechanisms—sensory, motor, emotional, social, and technological—that can reduce and modify 
hazards.

 Correlations to National Science Education Standards: Grades 6-12
This book has been correlated to National Science Education Content Standards. 

For correlations to individual state standards, visit www.NEED.org.
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 � Natural Resources (9-12)
 � Human populations use resources in the environment in order to maintain and improve their existence. Natural resources have been 
and will continue to be used to maintain human populations.

 � The Earth does not have infinite resources; increasing human consumption places severe stress on the natural processes that renew 
some resources, and it depletes those resources that cannot be renewed.

 � Humans use natural systems as resources. Natural systems have the capacity to reuse waste, but that capacity is limited. Natural systems 
can change to an extent that exceeds the limits of organisms to adapt naturally or humans to adapt technologically.

 � Environmental Quality (9-12)
 � Natural ecosystems provide an array of basic processes that affect humans. Those processes include maintenance of the quality of the 
atmosphere, generation of soils, control of the hydrologic cycle, disposal of wastes, and recycling of nutrients. Humans are changing 
many of these basic processes, and the changes may be detrimental to humans.

 � Materials from human societies affect both physical and chemical cycles of the Earth.

 � Many factors influence environmental quality. Factors that students might investigate include population growth, resource use, 
population distribution, overconsumption, the capacity of technology to solve problems, poverty, the role of economic, political, and 
religious views, and different ways humans view the Earth.

 � Natural and Human-induced Hazards (9-12)
 � Human activities can enhance potential for hazards. Acquisition of resources, urban growth, and waste disposal can accelerate rates of 
natural change.

 � Natural and human-induced hazards present the need for humans to assess potential danger and risk. Many changes in the environment 
designed by humans bring benefits to society, as well as cause risks. Students should understand the costs and trade-offs of various 
hazards—ranging from those with minor risk to a few people to major catastrophes with major risk to many people. The scale of events 
and the accuracy with which scientists and engineers can (and cannot) predict events are important considerations.

 � Science and Technology in Local, National, and Global Challenges (9-12)
 � Understanding basic concepts and principles of science and technology should precede active debate about the economics, policies, 
politics, and ethics of various science- and technology-related challenges. However, understanding science alone will not resolve local, 
national, or global challenges. 

 � Progress in science and technology can be affected by social issues and challenges. Funding priorities for specific health problems serve 
as examples of ways that social issues influence science and technology.

 � Humans have a major effect on other species. For example, the influence of humans on other organisms occurs through land use—
which decreases space available to other species—and pollution—which changes the chemical composition of air, soil, and water.

Content Standard G | hiStory and nature of Science
 � Science as a Human Endeavor (5-8)

 � Women and men of various social and ethnic backgrounds—and with diverse interests, talents, qualities, and motivations—engage in 
the activities of science, engineering, and related fields such as the health professions. Some scientists work in teams, and some work 
alone, but all communicate extensively with others.

 � Science as a Human Endeavor (9-12)
 � Individuals and teams have contributed and will continue to contribute to the scientific enterprise. Doing science or engineering can 
be as simple as an individual conducting field studies or as complex as hundreds of people working on a major scientific question or 
technological problem. Pursuing science as a career or as a hobby can be both fascinating and intellectually rewarding.

 � Scientists are influenced by societal, cultural, and personal beliefs and ways of viewing the world. Science is not separate from society 
but rather science is a part of society.
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The following is a list, by activity, of materials needed to complete the activities in this curriculum guide.

Activity 1: Hydrocarbon Properties  �Graph paper or computer per student
 �Pencil or pen

Activity 2: Formation of Petroleum and 
Natural Gas

 �Legal-sized paper, one sheet per student
 �Colored pencils or markers

Activity 3: Exploring Polarity

Activity 4: Fault Blocks

Activity 5: Mapping the Ocean Floor

Activity 6: Exploring Sound Waves

Activity 7: Core Sampling

Activity 8: Exploring Porosity

Activity 9: Getting the Oil Out

Activity 10: Perforated Well Casing

Activity 11: Visualizing Hydraulic Fracking

Materials 

 �2 Polystyrene and biodegradable packing 
peanuts
 �Acetone
 �2 100 mL Beakers

 �Stirring rods
 �Safety goggles
 �Water

 �1 Bag of dark sand
 �1 Bag of light sand
 �1 Bag of potting soil
 �1 Bag of small, aquarium-sized gravel
 �Clear plastic straws

 �Opaque, 8 oz. plastic cups
 �Water in spray bottles
 �Plastic spoons
 �Ruler

 �600 mL Beakers
 �Water 
 �100 mL Graduated cylinders
 �Large objects such as coarse gravel or 
extra-large marbles

 �Medium objects such as pea gravel or 
marbles
 �Small objects such as aquarium gravel or 
tiny beads

 �8 x 3 x 1 Wooden blocks
 �Candle or paraffin wax
 �Markers or crayons
 �Ruler

 �Sandpaper
 �Permanent markers
 �White paper

 �Large smoothie-sized straws
 �White paper
 �Scissors

 �Tape
 �Markers of several different colors

 �Metal slinky spring
 �Large foam cups

 �Small foam cups

 �Drinking straws
 �Cartons of chocolate milk or dark-colored 
beverage

 �Masking tape
 �Scissors
 �Rulers

 �140 mL Syringes
 �Extra-large straws (milkshake-sized straws 
work well—20 cm long, 1 cm diameter)
 �Fracking boxes
 �Packing tape
 �Plastic wrap
 �Paper towels
 �Packages of dehydrated water beads 
(clear), prepared per instructions

 �Breakfast syrup 
 �Push pin or tacks
 �Rulers
 �Pitchers or large bowls (at least 1 gallon 
capacity)
 �Water
 �Cups
 �Paper towels

 �Pairs of kitchen sponges, the same size 
and shape
 �Flexible straws 
 �Push pins
 �Shallow trays (for sponges)

 �Shallow trays (for collection from straw)
 �Plastic wrap
 �Heavy books or weights
 �10 mL Graduated cylinders
 �Water



©2012     The NEED Project     P.O. Box 10101, Manassas, VA 20108      1.800.875.5029     www.NEED.org 11

Fracking Box Assembly Instructions

Activity 12: Fracking with Jello

Activity 13: Fracking a Cake

Activity 14: Understanding Density

Activity 15: Using Density to Extract Petroleum

Activity 16: Polymers

Activity 17: Oil and Gas Career Game  �Dice

Activity 18: Peak Oil Game

Activity 19: Road Trip  �Internet access for each student
 �Calculators for each student 

 �500 mL Clear Erlenmeyer flasks
 �Two-hole #7 rubber stoppers
 �250 mL Clear beakers
 �30 cm Sections of vinyl tubing to fit 
rubber stopper

 �Vegetable oil
 �Water
 �Red oil-soluble dye 
 �60 cc Plastic syringes
 �Petroleum jelly

 �¼ Teaspoons
 �½ Teaspoons
 �Teaspoons
 �Tablespoons
 �Long-handled spoons
 �Serving spoons
 �Litter box scoopers
 �25 lb. Bag of black beans
 �25 lb. Bag of garbanzo beans

 �Jars
 �1000 g Capacity digital balances
 �Paper
 �Notebooks
 �30 Second timer with alarm
 �Small measuring cups
 �3 Small tubs or paper bags per team
 �2 Large tubs per class

 �Graduated cylinder 
 �600 mL Beakers
 �Corn syrup 
 �Water 
 �Vegetable oil 
 �Food coloring
 �Plastic buttons 

 �Grapes or blueberries
 �Small corks 
 �Pennies 
 �Glass marbles 
 �Wooden beads or wooden buttons
 �Ice cubes 

 �Cornstarch 
 �Water 
 �Sealable plastic sandwich bags 
 �Measuring spoons 
 �Food coloring 
 �Paper plates 
 �White glue 

 �Borax 
 �Spoons or popsicle sticks to stir 
 �Small plastic cups 
 �Food coloring 
 �Graduated cylinders
 �Rulers 

 �20 cc Syringes 
 �Breakfast syrup
 �Plastic knife
 �Dinner plates or large disposable plates
 �Flexible straws
 �Large (1 qt) measuring cup
 �Loaf pan (9 x 5)

 �Non-stick cooking spray
 �Plastic wrap
 �Push pins or large sewing needles
 �Spatula
 �Unflavored gelatin
 �Wire whisk

 �Frozen layer cake
 �Turkey injectors
 �Chocolate Magic Shell sundae topping

 �Cups or beakers (optional)
 �Metal or plastic knives

 �2 2” x 36” x 3/8” Pine
 �1 36” x 1” x 1” Square dowel
 �1 2’ x 2’ x ¼” Plywood
 �1 2” x 48” x 1” Pine
 �1 18” x 24” x 1/8” Plexiglass
 �Waterproof wood glue
 �Tiny nails

 �2” Finishing nails
 �Tiny drill bit
 �12” x 6” Fiberglass window screening
 �Clear silicone adhesive
 �Staple gun
 �Paint or sealant
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Teacher Guide
Reading and hands-on explorations introduce students to the basic concepts of oil and natural gas 
formation, composition, exploration, production, and use.

 Grade Level
 �Intermediate 6-8

 �Secondary 9-12

 Time
 �Five to fifteen 45-minute class 
periods

Objective
At the conclusion of this unit, students will understand the formation, production, and uses of oil and 
natural gas. Activities illustrate the exploration, extraction, production, and processing of petroleum 
and natural gas, and introduce students to the many careers available in the oil and gas industry.

Unit Preparation
Familiarize yourself with the information and activities in the booklet.

Make copies of the pages you are going to use for each student.

Gather the materials needed for the activities you have chosen. The activities are designed so that the 
materials are inexpensive; most materials are available in the school science lab, or can be obtained 
easily at hardware, pet, and craft stores. If you have difficulty locating any of the materials you need, 
please e-mail NEED at info@need.org for information on where you can purchase the materials.

Introduction
1. Have students create a KWL chart, or similar graphic organizer, entitled Oil and Natural Gas. 

2. Have students read the Student Informational Text and take notes or add to their graphic 
organizer.

Options
1. You may also choose to have students read for homework.

2. Break up the reading to fit with the activities you choose to do, and have students read sections 
as they are applicable.

3. Complete the reading as a jigsaw activity where students read sections and share what they 
learned with the class or a small group.
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Activity 1: Hydrocarbon Properties
 Background
Even though the covalent bond in a hydrocarbon molecule is nonpolar, there are some intermolecular attractions that affect the properties 
of the compounds. In general, the larger the molecule, the greater the intermolecular attraction, and the more likely the compound is to 
be liquid or even solid at room temperature. However, increasing numbers of carbon-carbon bonds or carbon-hydrogen bonds represent 
an increasing amount of energy available per molecule.

 Objective
 �To graphically illustrate the relationship between molecule size and physical properties of hydrocarbon compounds.

 Time
 �2-3 class periods, plus discussion

 Materials
 �Graph paper or computer per student
 �Pencil or pen
 �Hydrocarbon Properties worksheets, pages 55-56

 Preparation
 �Make copies of worksheets for each student.

 �If you are having students graph the data on computers, make sure students are familiar with using computers to graph data.

 Procedure
1. Distribute the student activity pages to students, along with graph paper, if needed.

2. Review the names of hydrocarbons, explaining the relationship between the number of carbon atoms and the root of the name.

3. Have students complete the activity either on computers or by hand with graphing paper, and answer the questions.

4. Discuss the results of the activity with the students, pointing out which molecules are used for which primary purposes.

Activity 2: Formation of Petroleum and Natural Gas
 Background
Petroleum is a mixture of hundreds of different hydrocarbons. Hydrocarbons are molecules containing hydrogen and carbon—that exist 
sometimes as a liquid (crude oil) and sometimes as a vapor (natural gas). Hydrocarbons are typically made from the remains of tiny sea 
plants and animals that died and were buried on the ocean floor for millions of years. Layer upon layer of the plant and animal remains built 
up. This pressure combined with heat from the Earth’s processes slowly “cooked” the plant and animal remains into hydrocarbons. These 
hydrocarbons flowed into empty spaces in the surrounding rocks, called traps. Finally, an oil-soaked rock—much like a wet sponge—was 
formed. The traps were covered with a layer of solid rock, or a seal of salt or clay, that kept the oil and gas from escaping to the surface. 
Crude oil, or petroleum, is held inside the rock formation, similar to how a sponge holds water.

 Time
 �1 class period

 Materials
 �Legal-sized paper, one sheet per student
 �Colored pencils or markers
 �Formation of Petroleum and Natural Gas story, page 57
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 Preparation
 �Gather materials for students.

 �Make sure no interruptions will occur while you conduct the activity. The objective is to help students improve their listening skills and 
visualize how oil and gas were formed.

 �Make copies of the worksheets for each student.

 Procedure
1. Give each student a sheet of paper.

2. Instruct students to fold it in thirds (like a letter), and label the sections Scene 1, Scene 2, and Scene 3.

3. Have students clear everything from their desks except the paper, pencil, and art supplies.

4. Tell the students you will be reading a story two times. The first time, they should just listen and try to visualize the scenes as you 
describe them. The second time, they will be illustrating the story, and you will be pausing frequently to give them time to draw.

5. Read the story one time all the way through.

6. Tell the students you are now going to read a second time, and instruct them to get ready to draw.

7. Read the story a second time, pausing frequently to allow students time to illustrate what you have read.

Activity 3: Exploring Polarity
 Background
Styrofoam packing peanuts are made from blow molded polystyrene. The name Styrofoam is patented by the Dow Chemical Corporation. 
Although blow molded polystyrene is less dense than water, solid polystyrene has a density of about 1.05 g/cm3 and will sink in water. 

The starch packing peanuts are a natural material usually made from corn starch. The use of starch based packing peanuts started in the 
1990’s. Starch packing peanuts are biodegradable and non-toxic and will dissolve in water. The starch molecules are polar and contain 
hydroxyl (-OH) groups. These –OH groups hydrogen bond with water molecules and as a result the starch dissolves in water. Polystyrene 
has no hydroxyl groups and is nonpolar. Therefore polystyrene will not dissolve in water.

 Objective
 �To determine how polar and nonpolar substances interact.

 Time
 �One class period, plus homework

 Materials PER GROUP

 Materials PER STUDENT

 �Exploring Polarity worksheet, page 58

 Preparation
 �Gather materials. Have extra packing peanuts available. Store starch peanuts in an air-tight container to keep them from sticking together.

 �Make copies of the worksheet for each student.

 �2 Polystyrene and 2 biodegradable packing peanuts
 �Acetone
 �2 100 mL Beakers

 �2 Stirring rods
 �Safety goggles
 �Water
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 Procedure
1. Make sure students are always wearing safety goggles when working with organic solvents like acetone.

2. Review the hazards associated with acetone. Remind students of safe handling and disposal techniques for all solutions at the end of 
the activity.

3. Monitor students as they complete the activity.

4. Discuss the results of the activity with students. Be sure to highlight the differences between polar and nonpolar substances and how 
they interact and how it is important for handling hydrocarbons.

Activity 4: Fault Blocks
 Background
Sedimentary rock is formed by the build up of layers of sand and sentiment over time. Layers are formed through erosion, deposition, 
and compression of sediments, especially sediments transported by water in rivers, lakes, streams, and oceans, by ice in glaciers, and by 
wind. Over thousands of years, these particles are compressed through heat and pressure to create rock. Since sedimentary rock often 
has many pores, it is an ideal rock formation to contain oil. Geologists have classified petroleum traps into two basic types: structural and 
stratigraphic traps. 

Structural traps are traps that are formed because of a deformation in the rock layer that contains the hydrocarbons. Two common 
examples of structural traps are fault traps and anticlines. Fault traps are created when rock strata crack and slide up or down past each 
other. The most common type of fault occurs when the fault slides a layer of impermeable rock across a layer of permeable rock through 
which oil is migrating. 

Anticline traps are formed by the movement of Earth’s crust. The rock layers (strata) bend up into an arch from the pressure. If one of these 
bent layers is impermeable, the oil may ooze up underneath and accumulate there. Anticline traps like this hold much of the world’s oil. 

Salt dome traps are formed when masses of salt form deep underground. Heat and pressure cause them to bulge upward in domes. The 
rising domes force the overlying rock layers aside. As they do so, they can cut across layers of permeable rock, blocking the path of any 
migrating oil and create an oil trap. 

Stratigraphic traps are created by variations within the rock layers themselves. A pinch-out is a common type stratigraphic trap. Pinch-out 
traps are often formed from old stream beds, where a lens-shaped region of permeable sand becomes trapped within less permeable shale 
and siltstones.

 Objective
 �To explain how oil and natural gas get trapped beneath rock layers.

 Time
 �About 30 to 45 minutes

 Materials PER DEMONSTRATION OR PER GROUP

 Materials PER STUDENT

 �Fault Blocks worksheet, page 59

 �8 x 3 x 1 Wooden block
 �Candle or paraffin wax
 �Markers or crayons
 �Ruler

 �White paper
 �Sandpaper
 �Permanent markers
 �Fault Blocks master template, page 35
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 Preparation
 �Use the Fault Blocks master template to cut an 8” wooden board into three pieces.

 �Use sandpaper to smooth all rough edges.

 �Lay the 3 pieces down together and use the ruler to divide the assembled block into three rock layers approximately one inch wide. Each 
layer should be filled in with a different color using markers (permanent or regular). 

 �Rub a candle or block of paraffin on the edges of each piece. The pieces will be  pushed together to reduce friction and show the faults.

 �Make copies of the worksheets for each student.

 Procedure
1. Distribute the activity to the students. If you’ve prepared several blocks, students can work in groups.

2. Go over the background information with students.

3. Review how rock layers are formed, and separated at fault lines, with students, and how these processes are significant for oil and gas 
formation.

Activity 5: Mapping the Ocean Floor
 Background
Because of the age when petroleum and natural gas were formed, looking in the right locations in the vast oceans is important. This activity 
is designed to acquaint students with the way a spreading sea floor is formed, and how the depth of the ocean is related to the age of the 
rocks beneath it.

If you wish your students to work in pairs or small groups, an alternative method would be to push two desks or tables together, and feed 
the paper strips up from beneath the tables through the crack between them. This eliminates the need for straws and tape.

 Objective
 �To understand how the depth and age of rock layers help geologists find oil and gas.

 Time
 �1-2 class periods

 Materials PER STUDENT

 Preparation
 �Gather materials for students. Each student or group of students will need at least 3 or 4 different colors of markers.

 �Make copies of the worksheets for each students.

 �It might be necessary to project the maps on page 61 or have a color copy available for students so they can see the subtle shading to 
adequately answer the questions. A color copy of the map can be found in NEED’s online image gallery. Visit www.NEED.org to download.

 Procedure
1. Distribute the activity. Review the way plates move apart and new rock is forced up from below in the Atlantic Ocean.

2. Project or circulate a color copy of the maps from page 61, if necessary.

3. Review student responses and be sure to discuss where students think the best spots to look for oil and gas might be.

 �2 Large smoothie-sized straws
 �White paper
 �Scissors

 �Tape
 �Markers of several different colors
 �Mapping the Ocean Floor worksheets, pages 60-61
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Activity 6: Exploring Sound Waves
 Background
There are two different types of waves: transverse and longitudinal. Electromagnetic radiation, such as sunlight or radio waves, travels in 
transverse waves. A transverse wave is one with oscillation that is perpendicular to the direction of travel. A longitudinal wave, however, 
oscillates in the same direction in which it travels. Sound travels in longitudinal waves.

This activity will demonstrate to your students how a spring models the movement of sound in longitudinal waves, and how the reflection 
of those sound waves helps oil producers locate areas in which petroleum and natural gas might be found.

 Objective
 �To understand how sound waves travel and how they can be helpful for oil and gas exploration.

 Time
 �1 class period

 Materials PER GROUP

 �1 Metal slinky spring
 �1 Large foam cup
 �1 Small foam cup

 Materials PER STUDENT

 �Exploring Sound Waves worksheet, page 62

 Preparation
 �Gather materials for students.

 �Make copies of the worksheet for each student.

 Procedure
1. Clear an area for students to work that is free from obstructions, furniture, etc.

2. Students need to work in small groups of 2 or 3 for this activity to be most successful.

3. Discuss student results, conclusions, and how sound waves might be useful for exploration.

Activity 7: Core Sampling
 Background
Core sampling is used in a wide variety of applications when it is difficult or impractical to dig down and expose layers of ice or rock. Rock 
cores can be removed to find the porous rock most likely to contain petroleum or natural gas.

This activity simulates how layers of sediment are deposited year after year, and shows students how geologists interpret a core sample 
when looking for petroleum or natural gas.

 Objective
 �To identify how core sampling can help geologists interpret rock layers and find oil and gas formations. 

 Time
 �1 class period
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 Materials PER GROUP

 Materials PER STUDENT

 �Exploring Core Sampling worksheet, page 63
 �1 Clear plastic straw per student
 �1 Opaque, 8 oz. plastic cup per student

 Preparation
 �Gather all materials.

 �It is helpful if you provide several containers of each material for students to share, so they’re not waiting a long time for any given material 
to construct their sampling cups.

 �Students can layer materials in any order. It is not necessary for each layer to be exactly one cm deep.

 �This activity can be messy. It is recommended to have paper towels and a broom on hand.

 �Make copies of the worksheet for each student.

 �Pre-assign student partners for trading core sample cups. If you have an odd number of students, arrange a 3-way trade.

 Procedure
1. As students proceed through the activity, monitor their progress to make sure they’re not getting their materials too wet.

2. Discuss student results and challenges with the class, and ask students to connect their results and challenges to those that might be 
facing geologists in the exploration process.

Activity 8: Exploring Porosity
 Background
The porosity of a rock is important. If a rock layer is too porous, liquids just flow on through. If a rock layer is not porous enough, liquids 
cannot be trapped there. This activity demonstrates to students how materials of various porosities hold liquids.

 Objective
 �To understand how porosity of a rock layer is important for oil and gas drilling.

 Time
 �1 class period

 Materials PER GROUP

 Materials PER STUDENT

 �Exploring Porosity worksheet, page 64

 �3 600 mL Beakers
 �Water 
 �100 mL Graduated cylinder

 �Large objects such as coarse gravel, or extra-large marbles
 �Medium objects such as pea gravel or marbles
 �Small objects such as aquarium gravel or tiny beads

 �1 Bag of dark sand
 �1 Bag of light sand
 �1 Bag of potting soil
 �1 Bag of small, aquarium-sized gravel

 �Water in spray bottles
 �Plastic spoons
 �Ruler
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 Preparation
 �Gather all materials.

 �Add food coloring to water, if necessary, to make it easier to see.

 �Make copies of the worksheet for each student.

 Procedure
1. Before students begin the activity, caution them about dropping marbles or coarse gravel into a glass beaker so they don’t break the 

glass.

2. Provide a place for students to dump their wet materials when they have finished the activity.

3. Discuss porosity with the class and how it could impact the drilling process using student observations.

Activity 9: Getting the Oil Out
 Objective

 �To investigate and determine how much effort is required to get liquids out of a deep well versus a shallower well. 

 Time
 �1 class period

 Materials PER GROUP

 Materials PER STUDENT

 �Getting the Oil Out worksheet, page 65

 Preparation
 �Purchase chocolate milk or other beverage a day or two before the activity.

 �Milk must be kept in a cooler with ice or in a refrigerator until it is used in class.

 �Make copies of the worksheet for each student.

 Procedure
1. Keep paper towels or a sponge on hand for spills. It’s easy to tip a carton or cup of chocolate milk over with such a long straw.

2. Have a place for students to dispose of their milk when the activity is complete.

3. Discuss student results and encourage them to think about and identify the challenges of deep well drilling based on their results.

 �8-10 Drinking straws
 �8 oz. Carton of chocolate milk or dark-colored beverage
 �Masking tape

 �Rulers
 �Scissors
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Activity 10: Perforated Well Casing
 Background
Once the well has been drilled, the well casing becomes perforated by explosive charges. These perforations allow the fracking fluids to 
enter the shale under high pressure and create fissures to release the gas. Perforating oil and gas wells also allows the gas and oil to flow 
more easily.

 Objective
 �To examine the importance of perforation in the process of horizontal drilling.

 Time
 �1 class period

 Materials PER GROUP

 Materials PER STUDENT

 �Perforated Well Casing worksheets, pages 66-67

 Preparation
 �Gather materials for the activity.

 �Make copies of the worksheets for each student.

 Procedure
1. Distribute the activity and explain the instructions.

2. Have plenty of paper towels for clean up afterwards.

3. Discuss how perforations improve the results of the horizontal drilling process. 

Activity 11: Visualizing Hydraulic Fracturing
 Background
Hydraulic fracturing can be difficult to visualize. This set-up aims to demonstrate the purpose of fracking. The gel beads are used because, 
when placed in the box, they have openings between them to simulate pores, and can also demonstrate the movement of fluid through 
these pores. This activity, as it requires construction and can be messy, is an excellent demonstration. In many cases, results can be variable. 
If time allows, allow students to engineer their own mediums to frack in order to create the best visualization and movement of fluid.

 Objective
 �To investigate and identify the purpose of hydraulic fracturing.

 Time
 �1 class period (not including box assembly)

 �Two Kitchen sponges, the same size and shape
 �Several flexible straws 
 �Push pin or very large sewing needle
 �Shallow tray (for sponges)
 �Shallow tray (for collection from straw)

 �Plastic wrap
 �1-3 Heavy books or weights
 �10 mL Graduated cylinder
 �Cup of water
 �Paper towels
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 Materials PER GROUP

 Materials PER STUDENT

 �What is Hydraulic Fracturing? article, pages 53-54
 �Visualizing Hydraulic Fracturing worksheets, pages 68-69

 Preparation
 �See the notes on preparing the fracking box on pages 70-71. Construct the box or boxes you will need for your class. 

 �Prepare and hydrate the gel beads at least 6-8 hours prior to the activity, using water and a pitcher. Follow package instructions.

 �Make copies of the worksheets for each student.

 Procedure
1. Review the informational text insert on pages 53-54 with students.

2. Set up and carry out the visualization activity, while students complete their worksheets. 

3. Discuss how the fluid moved and what problems exist with this system as a model. Ask the class for suggestions to improve this system 
as a model, and experiment. How might these difficulties relate to the actual fracking operation? 

Activity 12: Fracking With Jello
 Background
Gelatin blocks can be prepared the night before the activity or even further ahead of time and refrigerated until used in class. The 
instructions below can prepare 2-3 blocks of gelatin. Adjust the recipe to accommodate more students if needed.

 Objective
 �To examine how fractures are created when using liquids under pressure. 

 Time
 �1 class period

 Materials PER GROUP

 Materials PER STUDENT

 �Fracking With Jello worksheets, pages 72-73

 �140 mL syringe
 �Extra-large straw (milkshake-sized straws work well–20 cm long, 1 
cm diameter)
 �Fracking box
 �Packing tape
 �Plastic wrap
 �Paper towels
 �1 Package dehydrated water beads (clear), prepared per 
instructions

 �125 mL Breakfast syrup 
 �Push pin or tack
 �Ruler
 �Pitcher or large bowl (at least 1 gallon capacity)
 �Water
 �Cup
 �Fracking Box Assembly Instructions, pages 70-71

 �20 cc Syringe (oral dosing syringe works well)
 �50 mL Breakfast syrup
 �Plastic knife
 �1 Dinner plate or large disposable plate
 �1 Flexible straw
 �Large (1 qt) measuring cup
 �Loaf pan (9 x 5)

 �Non-stick cooking spray
 �Plastic wrap
 �1 Push pin or large sewing needle
 �Spatula
 �Unflavored gelatin
 �Wire whisk
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 Preparation
 �Prepare gelatin blocks following the following instructions:

 �Fill the large measuring cup with ½ cup of water.

 �Sprinkle 3 packets of gelatin over the water and swirl to mix.

 �Add boiling water to the gelatin to fill to four cups. Whisk to dissolve the gelatin.

 �Spray the bottom of  the loaf pan with cooking spray and pour the hot gelatin solution into the loaf pan.

 �Refrigerate overnight. 

 �Make copies of the worksheets for each student.

 �Gather materials for students.

 Procedure
1. Cut up the gelatin and, using the spatula, distribute blocks to student groups. 

2. Discuss the activity and instructions with students.

3. Have paper towels and warm water available for syrup spills. 

4. Discuss how the fractures formed in each block and what the syrup did as a result. Connect student observations to the process of 
fracking. 

Activity 13: Fracking a Cake
 Objective

 �To examine how fracking fluid behaves when entering a porous solid.

 Time
 �20-30 minutes

 Materials PER GROUP

 Materials PER STUDENT

 �Fracking a Cake worksheets, pages 74-75

 Preparation
 �Make or purchase a layer cake and freeze it. Pre-prepared frozen layer cakes also work very well. 

 �Gather materials for students.

 �Make copies of the worksheets for each student.

 Procedure
1. Cut the cake into pieces for your students so that each student or pair has an end with icing to frack through. 

2. Distribute materials. Assemble turkey injectors for students ahead of time, if need be. 

3. Remind students to keep their sundae topping moving around in their cup or beaker, or it will harden. 

4. Review student observations and discuss how the fracking fluid (sundae topping) did or did not move throughout layers of the cake. 

 �1 Frozen layer piece of cake
 �1 Turkey injector per group
 �Chocolate Magic Shell sundae topping

 �1 Cup or beaker (optional)
 �1 Plastic knife
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Activity 14: Understanding Density
 Background
Objects will float or sink in a liquid according to their density. If an object is more dense than a liquid, it will sink; if it is less dense, an object 
will float. This activity sets up a column of liquids with three different densities, and the objects listed will arrange themselves by density 
(see photograph below).

 Objective
 �To identify density as an important physical property of liquids.

 Time
 �1 class period

 Materials PER GROUP

 Materials PER STUDENT

 �Understanding Density worksheet, page 76

 Preparation
 �For efficiency and enhanced results, mix food coloring into the corn syrup the night before the activity.

 �Students can bring their own materials or suggest others not listed in the activity. Have them predict where in the density column the 
objects will be.

 �Gather materials for students.

 �Make copies of the worksheet for each student.

 Procedure
1. Have students complete the activity as written, then drop other 

objects they have brought, or have found around the room, if time 
permits.

2. Provide a place for students to properly dispose of the liquids, 
grape, and ice cube. They might need something to help them 
scoop out the very viscous corn syrup. The button, cork, marble, 
and penny can be washed with detergent and warm water.

3. Discuss student results. Ask students to ponder how density might 
relate to petroleum production to introduce the next activity.

 �Graduated cylinder 
 �600 mL Beaker 
 �Corn syrup 
 �Water 
 �Vegetable oil 
 �Food coloring
 �Plastic button 

 �Grape or blueberry
 �Small cork 
 �Penny 
 �Glass marble 
 �Wooden bead or wooden button
 �Ice cube 

Wooden bead Cork

Grape

Marble

Ice cube

Plastic button

Penny
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Activity 15: Using Density to Extract Petroleum
 Background
Once the oil producers are confident they have found the right kinds of underground rock formations, they can begin drilling production 
wells.

When a new petroleum field first begins producing petroleum, the natural pressures in the reservoir force the petroleum through the rock 
pores, into fractures and up production wells. This natural flow of petroleum is called “primary production.” It can go on for days or years. 
But after a while, a petroleum reservoir begins to lose pressure. The natural petroleum flow begins dropping off and petroleum companies 
must use pumps to bring the petroleum to the surface.

It is not uncommon for natural gas to be found along with the petroleum. Petroleum companies can separate the gas from the petroleum 
and inject it back into the reservoir to increase the pressure to keep the petroleum flowing. This is called gas drive. But sometimes this is 
not enough and a lot of petroleum will be left behind in the ground; secondary recovery is then used to increase the amount of petroleum 
produced from the well.

Imagine spilling a can of oil on a concrete floor. You would be able to wipe some of it up, but a thin film of oil might be left on the floor. 
You could take a hose and spray the floor with water to wash away some of the oil. This is basically what petroleum producers can do to 
a petroleum reservoir during secondary recovery. They drill wells called “injection wells” and use them like gigantic hoses to pump water 
into a petroleum reservoir. The water with a different density washes some of the remaining petroleum out of the rock pores and pushes it 
through the reservoir to production wells. This is called “waterflooding.”

 Objective
 �To determine how density differences can be utilized in the retrieval of oil.

 Time
 �1-2 class periods

 Materials PER GROUP

 Materials PER STUDENT

 �Using Density to Extract Petroleum worksheet, page 77

 Preparation
 �Gather materials for students.

 �Make copies of the worksheet for each student.

 Procedure
1. Share the background information with students. Then have them complete the activity.

2. When students are finished, provide an appropriate place for disposal of the liquids.

3. Discuss the activity with the class, highlighting and relating the parts of the set-up and how they relate to retrieving oil from the 
ground. 

 �500 mL Clear Erlenmeyer flask
 �Two-hole #7 rubber stopper
 �250 mL Clear beaker
 �2 30 cm Sections of vinyl tubing to fit rubber stopper
 �150 mL Vegetable oil

 �350 mL Water
 �Red oil-soluble dye 
 �60 cc Plastic syringe
 �Petroleum jelly
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Activity 16: Polymers 
 Background
Polymers are formed when small molecules are bonded in a repeating pattern. The two polymers made in this activity use no hazardous 
solvents or chemicals and are safe for students.

 Objective
 �To identify the properties of polymers and identify their importance in our lives.

 Time
 �1-2 class periods

 Materials PER GROUP

 Materials PER STUDENT

 �Polymers worksheets, pages 78-79

 Preparation
 �Gather materials.

 �Make a borax solution by dissolving 6 mL measured Borax in 235 mL of water.

 �When conducting this activity, students may get glue on their hands and table top. Cover tables or desks with newspaper and have a place 
where students can wash their hands when they’re done measuring glue.

 �Make copies of worksheets for each student. Only copy the worksheets your students will be using, based on how you choose to complete 
the activities.

 Procedure
1. Discuss the hazards of borax solution with students. Make sure they have a place to properly dispose of all solutions and products of 

this activity.

2. Students can complete both polymers activities, or you may have students complete one or the other and share with a group who 
completed the other polymer activity.

3. Collect all polymer samples from students when the activity is complete. 

4. Discuss the properties of polymers and their importance with the class.

 �Cornstarch 
 �Water 
 �Sealable plastic sandwich bags 
 �Measuring spoons 
 �Food coloring 
 �Paper plates 
 �White glue 

 �Borax 
 �Spoon or popsicle stick to stir 
 �Small plastic cups 
 �Food coloring 
 �Graduated cylinder 
 �Rulers 
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Activity 17: Oil and Gas Career Game
 Background
Students are assigned to be either a drop of oil or a molecule of natural gas. As they move through the game, they encounter descriptions 
of many different types of people and their basic job responsibilities. The path starts with exploration and ends with end-use products.

 Objective
 �To explore careers and opportunities in the oil and gas field.

 Time
 �1 class period

 Materials 
 �Oil and Gas Career Game board master, page 80
 �Dice, one die per group

 Preparation
 �Print one copy of the game board on card stock, or print and paste one copy onto poster board. One game board will be needed for each 
group of students. To print a color copy of the game board, download this guide at www.NEED.org.

 Procedure
1. Have students cut the game pieces from the board.

2. Students will take turns rolling the die and moving through the game board.

3. Instruct students on what they should do with the game boards when they are finished.

Activity 18: Peak Oil Game
 Game Goal
Teams are told that the team that ‘drills’ the most oil in the 10 year period is the winner. This motivates them to try hard and makes it fun, 
but this goal doesn’t have much to do with the real educational goals, as the students will see later.

To start—each team starts with one person as ‘driller’ and one person as ‘processor’. Each team has a set of jars (oil field), a small spoon (1/8 
teaspoon), and 3 containers (1 for processing oil, 1 for processed oil, and 1 for accumulated oil). There are a few larger bowls for group use 
and a depository of ‘tools’.

The jars contain black beans (oil), garbanzo beans (dirt, contaminate), and rocks. This is their ‘oil field.’ They can mine the oil from any jar in 
any order. The “oil” gets more and more diluted toward the bottom of the jars, so they get less and have to do more processing as they go 
deeper. Also, there may be obstacles in bottoms of jars, like rocks. They cannot pick up the jars, lean the jars over, use their fingers to extract 
beans, or pull out the rocks. They are limited to using their spoons to scoop beans out of the jars.

Each round of the timer (30 seconds) is one ‘year.’ During each ‘year’, the goal is to get as much clean oil into the team’s ‘processed oil’ 
container as possible. Penalties are charged for contaminated oil and for oil spilled outside the containers. Each team also has a bag, box, 
or tub that they can use as an intermediate ‘processing plant’ in which to glean out garbanzo beans. The processing must take place along 
with the drilling and stop after the 30 second timer goes off. 

When the timer goes off, all activity stops immediately and the following things happen (in order)

1. Penalties are assessed. 
 �Dirt in the clean, processed oil container: For each garbanzo bean in the processed oil container, remove two black beans (along 
with the garbanzos).
 �Spilled oil: For each black bean spilled outside the containers, remove two black beans from the processed oil container, (these 
amounts can be estimated rather than having to make exact ‘bean counts’).
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2. Discard all spilled and unprocessed oil into the communal waste container.

3. Measure the year’s production. Weigh the beans that remain in the clean container after the penalties and record that year’s 
production in the team’s notebook.

4. Place the current year’s harvest into the team’s accumulated oil storage container. They will use this stored oil to purchase tools 
and employees.

5. Buy better tools and hire more staff. Teams use their accumulated inventory of oil as cash to buy new equipment and hire people. 
It’s best to have a set ‘price’ (example: 1 tablespoon oil to start) for either a new state-of-the-art tool or a new employee. After each 
round, the instructor announces the latest technology (example: a ½ teaspoon) and the current price, which should rise as the 
teams get richer.

The game should continue for about “10 years”—depending on the interest level of students. It’s important to keep it going long enough 
so that each team’s production has started to decline.

 Objective
 �To experiment with production difficulties when there is less oil available.

 Time
 �1-2 class periods

 Materials PER GROUP

 Materials PER STUDENT

 �Peak Oil Game worksheet, page 81

 Preparation
 �Prepare a set of jars (at least two per group) for each student team. Layer black beans with garbanzo beans, and add a few obstacles like 
rocks or marbles. Vary the thickness and order of the layers in the jars and make sure that each student team has approximately the same 
difficulty level represented by their jars.

 �Gather the other materials students will need.

 �Make copies of the worksheet for each student.

 �If you wish, assign students to groups of 3-5 students each before conducting the activity.

 Procedure
1. Explain the game to the students, making clear the rules of the game.

2. Indicate to the students which containers are to be used for processing and where clean oil should go.

3. When everyone is ready, begin the first round of play. This is year one.

4. Continue to play the game, with 30 seconds representing one year of production for as long as time will permit. Make sure the game 
is played long enough so production begins to decline.

5. Discuss with the class the obstacles each group faced and how their oil production varied as a result. Connect their difficulties to oil 
retrieval in the field.

 �¼ Teaspoons
 �½ Teaspoons
 �Teaspoons
 �Tablespoons
 �Long-handled spoons
 �Serving spoons
 �Litter box scoopers
 �25 lb. Bag of black beans
 �25 lb. Bag of garbanzo beans

 �Jars
 �1000 g Capacity digital balances
 �Paper
 �Notebooks
 �30 Second timer with alarm
 �Small measuring cups
 �3 Small tubs or paper bags per team
 �2 Large tubs per class
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Activity 19: Road Trip
 Background
Petroleum provides most of the energy for passenger vehicles; gasoline and diesel fuel are both products of petroleum refining. In this 
activity, students will choose a vehicle, then determine the environmental impact from operating that vehicle on an extended vacation 
based on statistics provided by the U.S. Department of Energy.

 Objective
 �To identify the impact oil and gas can have on the environment when used as a transportation fuel.

 Time
 �1-2 class periods plus homework

 Materials 
 �Road Trip worksheet, page 82
 �Internet access for each student
 �Calculators for each student

 Preparation
 �Secure computers or computer lab time so students each have one computer to use.

 �Make copies of the worksheet for each student.

 Procedure
1. Describe the activity to students and explain how much time they will have available to use computers at school. Encourage them to 

complete all of their internet research before doing calculations.

2. Work through a sample problem for calculating the number of gallons of gasoline consumed for a certain distance driven.

3. Have students share their trip and describe what they would change to the class or a small group. Encourage the class to ask questions 
of the presenters. 
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Answer Key

Activity 1: Hydrocarbon Properties
1. Where is room temperature on this graph? Room temperature should be located around 20-23 degrees Celsius. 

2. Explain the general trend you observe in your melting point/boiling point graph. As the number of carbons increase, the melting and 
boiling points increase: the higher the number of carbons in a molecule (larger chain), the higher the amount of energy. 

3. Looking at your Melting Point/Boiling Point graph, match up the melting point and boiling point of each hydrocarbon by drawing a 
vertical line from the melting point down to the corresponding boiling point. Students should see 3 data sets below the shaded temperature 
range and 4 above the shaded temperature range.

4. Which items do not fall in the average temperature range for melting or boiling? What state of matter do you think the items must be 
if their melting and boiling point are very low (under the average temperature range)? The items with low numbers of carbons are likely 
to be gases, because they have such a low boiling point and have already vaporized. What state of matter must they be if both are high 
(above the average temperature range)? The items with high numbers of carbons are likely to be solids because their melting point (same 
as freezing point) is relatively high. What state of matter might they be if at least one of their points falls within the average temperature 
range? Liquids are items that likely fall between 4 and 20 carbons, most of which have their melting or boiling point located within the average 
temperature range.

5. Why might boiling point and melting point be important for hydrocarbons? (Hint, look at the names of the items on your data table) 
Answers may vary. We use hydrocarbons as transportation fuels. Students may mention that you don’t want a fuel that vaporizes or freezes 
too easily. Students may also mention that a good transportation fuel should have a higher amount of energy to be effective for moving large 
items. 

Melting and Boiling Point vs. Number of Carbons
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6. Look at your Heat of Combustion graph. Heat of 
combustion is the amount of energy that is obtained 
by burning a molecule. What is the general trend you 
observe on this graph? The general trend is that as 
the size of the molecule increases, so does the heat of 
combustion. 

7. Using your graphs and the Fractional Distillation 
graphic on page 46 of the informational text, label 
your Heat of Combustion graph to show the where 
propane, gasoline, jet fuel, and diesel are found 
within the data. Use your graphs and the graphic on 
page 46 to explain why these fuels might be used the 
way they are. Answers may vary, but students should 
connect that fuels with higher heat of combustion, 
higher numbers of carbon, and higher amounts of 
energy are used as transportation fuels to move larger 
items—planes, ships, trains, etc.

Activity 3: Exploring Polarity
1. Which solvent is polar? water Which solvent is nonpolar? acetone

2. Based on your observations, which peanut, A or B, is polar? How do you know? Peanut A is polar, because it dissolved in water. Polar 
substances dissolve polar substances.

3. Based on your observations, which peanut, A or B, is nonpolar? How do you know? Peanut B is nonpolar, because it dissolved in acetone. 
Nonpolar substances dissolve nonpolar substances.

4. The polar substance is starch and the nonpolar substance is polystyrene foam.

5. Gasoline is made from refined petroleum, like many hydrocarbons, and is nonpolar. What would happen if it was transported in a 
polystyrene container? Explain why this is important. The gasoline would dissolve the polystyrene and leak out of the container. Knowing 
solvents interact with their surroundings is important for safety reasons, when transporting in certain containers. Some materials are 
dissolved by gasoline due to their polarity.

Activity 4: Fault Blocks
1. How do the wooden blocks show what happens in the Earth’s crust? As the plates push on each other, parts of the Earth’s crust are pushed 

upward. When they are pushed upward, the position of the different layers of sedimentary rock move up.

2. Describe how the wooden blocks demonstrate the way mountains are formed. Two plates pushing on each other force land upward and 
form mountains.

3. Explain how the wooden blocks model the formation of a salt dome. Plates pushing in on each other can bend a layer and create a space 
underneath for oil or gas to collect.

Activity 5: Mapping the Ocean Floor
1. Which type of zone (convergent, divergent, or transform) does this model? How do you know? Divergent, because the plates are moving 

away from each other.

2. What color on your paper represents the oldest rocks? Whichever color is farthest from the fault line.

3. What color on your paper represents the newest rocks? Whichever color is closest to the fault line.

4. What color on your paper shows a time of the most movement of the plates? Whichever color is the widest color block.

Heat of Combustion vs. Molecule Size
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5. What color on your paper shows a time of the least movement of the plates? Whichever color is the narrowest color block.

6. Where would you expect to find the oldest rocks: along the ridge in the middle where it’s shallower; or at the deeper parts of the 
ocean? At the deeper parts of the ocean.

7. Would you expect to find oil and natural gas deposits beneath older or younger rocks? Beneath older rocks.

8. If you were employed to search for petroleum and natural gas in the ocean, what is one place in the Northern Atlantic Ocean where 
you would start looking? Explain your answer in at least two sentences. Answers will vary, but should include a location in deep water, 
based on the oldest rocks being in the deep areas of the ocean.

Activity 6: Exploring Sound Waves
1. Was there a difference in longitudinal waves produced from the trials at different heights? Describe. Students’ answers will vary, but 

should reflect their experimental results. Answers should draw on their experimental evidence. 

2. What was the difference in the two sounds you heard from the two different cups. Students’ answers will vary, but should include a 
reference to the pitch of the sound differing. 

3. Explain how seismic technology might use sound to locate specific geologic formations underground. Not all types of rock will reflect 
the sound waves in the same way or to the same degree. Geologists use the differences to construct a model of the underlying rock layers and 
to locate formations where oil and gas most likely will be found.

Activity 7: Exploring Core Sampling
1. What are core samples? Core samples are long, cylindrical sections of something, such as rock layers or a glacier, which tell scientists about 

the composition of the ground or glacier. 

2. Did you encounter any challenges when pulling up your core sample? If so, what was the challenge? How does this relate to real 
world drilling? Students’ answers will vary but should draw on their experiences and be supported by their experimental data. Challenges 
in the real world are encountered when a cave, large underground aquifer, or other geologic structure that cannot be sampled with a core, 
is encountered. Another challenge lies with the strength of the material. Very delicate, or crumbly, materials will not come out of the ground 
intact. 

3. What are petroleum geologists looking for when they examine core samples? Geologists are looking for formations, such as salt domes 
and porous rock, that are likely to contain oil or gas.

Activity 8: Exploring Porosity
1. Which size of gravel has the greatest porosity? Explain why. The largest material used in the activity will have the greatest porosity. This is 

because there are more spaces between the rocks, beads, or other objects that were used. 

2. Explain porosity’s importance in the drilling process of an oil well. Porosity helps determine how well a substance will hold oil or gas.

Activity 9: Getting the Oil Out
1. Which length of straw required the most effort to bring the liquid to the top? Which length of straw required the least effort to bring 

the liquid to the top? Explain why. The longest length of straw requires the greatest effort. The shortest length of straw requires the least 
effort. This is because the force to remove the oil must be applied over a greater distance, which requires more power.

Activity 10: Perforated Well Casing 
1. How did perforating (poking holes in) the straw change the amount of water your collected? More water should have been produced 

when the straw was perforated, as opposed to when it was not punctured. 

2. Using your observations, explain how perforating the well casing would be beneficial in a drilling scenario? Perforating the well casing 
allows the oil or gas to flow freely into the well casing. 
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Activity 11: Visualizing Hydraulic Fracturing
1. Describe the movement of the fluid and why it moved the way it did. Student results will vary based on set-up and execution; however, the 

syrup should push and spread out into the open spaces between the gel beads.

2. Did you notice any movement in the beads? If so, describe and explain why this might have occurred. Answers will vary. The beads should 
wiggle closest to the straw and the openings between the beads in this area should become a bit larger or more visible.

3. Explain how this activity models concepts of hydraulic fracturing. Answers will vary, but should relate the syrup to the fracking fluid, and 
how it, when injected under pressure, causes larger openings or fractures to appear. The fluid will then spread out into those open pores. This 
is how we can remove the gas trapped within the pores of rocks like shale. 

4. No model is perfect – all models have limitations. Describe the limitations of this model. Student answers will vary. They may suggest that 
the beads, the fluid, or the injection method are not exactly correct. Good answers should explain why the model is inaccurate and provide a 
suggestion or solution for improving the model. 

Activity 12: Fracking With Jello
1. What happened with the syrup and jello in this system? Why did they behave this way? The syrup should drain out of the hole in the straw, 

but some will remain in the fractures, holding them open. The fractures are created because the liquid cannot be compressed when injected 
into the jello and it pushes the jello apart, or fractures it. 

2. How does the syrup simulate a fracking fluid in the process of hydraulic fracturing? Students should make the connection that - like the 
syrup - fracking fluid will push the porous rock apart and create openings. The syrup is thick and sticks in the cracks, whereas the fracking fluid 
is a mixture of sand, water, etc. The sand will hold the fractures open when the water drains out. This set-up allows the oil and gas to flow and 
be pumped out. 

Activity 13: Fracking a Cake
1. What happened to the Magic Shell when it was injected into the cake? The chocolate seeped in and then spread out into the “pores” of the 

cake. It then hardened into that space.

2. What would happen to the Magic Shell if the cake was more or less porous? If the cake was less porous, the chocolate wouldn’t expand as 
much is it did into the cake and the cake would just crumble. If the cake was more porous, however, the chocolate would just ooze and form 
a pool. 

3. Did the Magic Shell travel through the icing that separated the layers? Why do you think it behaved this way? Students should have seen 
that the icing stayed between the layers, due to the density and porosity difference of the icing. 

4. What might the icing represent when fracking for oil and natural gas? Explain. Icing can represent different layers of rock above and below 
the shale formation. 
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Activity 14: Understanding Density
1. What did you learn about the densities of liquids? Lower density 

liquids will rise above higher density liquids.

2. What did you learn about the densities of objects? The density of 
an object will determine whether it will sink or float. Objects higher in 
density than the liquid will sink in the liquid. Objects lower in density 
than the liquid will float in the liquid.

Extension answers: Densities: Oil: 0.881 g/cm3 Aluminum: 2.70 g/cm3 
Copper: 8.93 g/cm3 Nickel: 8.90 g/cm3

Activity 15: Using Density to Extract Petroleum
1. How can you relate each part of the experimental setup to the 

process of getting petroleum out of the ground? Students’ 
answers will vary, but should relate the flask to the oil-containing 
rocks underground, the tubing to the well, and the vegetable oil to 
the petroleum.

2. How could density be used as a way to force oil out of a well with 
slowed production? Water can be pumped into the well to flood it 
and float oil to the top to be pumped out.

Activity 16: Polymers
Part One

1. Is this polymer a liquid or a solid? Explain your answer. The polymer is like a liquid because it will flow, and will allow an object to sink inside 
it when gentle pressure is applied. The polymer is like a solid because when it is struck sharply, nothing can get inside.

Part Two

1. What happened when you combined the glue solution and the borax solution? Students’ answers will vary somewhat, but should include 
a good description of their observations during the experiment. 

2. Explain how this is a polymer. The borax links the glue molecules together to form a much larger molecule of repeating glue molecule units.

Wooden bead Cork

Grape

Marble

Ice cube

Plastic button

Penny
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Activity 18: Peak Oil Game
1. An example of student data might look like this:

How does your graph compare to the real oil production graphs fro the U.S. and world oil production? Answers will vary, refer to graph below.

2. Did the oil in your field really run out? Answers may vary, but most students should have had some oil remaining that was difficult to retrieve.

3. Estimate the percent of the original oil left in your field. Answers will vary for each group.

4. How is this model similar to the real world? Students should be able to make connections describing the initial ease of drilling for oil, the 
challenges faced when demand is present, how tools, technology, and increased power can enhance results, environmental and economic 
costs, etc.

5. How is this model different from the real world? Students may take a more literal response citing the physical differences in the model and 
the real world. Encourage students to think outside of the box to identify more significant and relatable differences. 

Typical Student Data Example
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MASTER

Fault Blocks
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Introduction to Petroleum and Natural Gas
Petroleum and natural gas impact our lives in many ways 
every day. Together, they supply more than half of our nation’s 
energy. Petroleum provides most of the fuel for our sources of 
transportation – gasoline, jet fuel, and diesel fuel are all made from 
crude oil. Natural gas heats most homes in the U.S. and provides 
energy for hot water and cooking for a significant number of 
families. Some older homes burn fuel oil for heat, which is a 
product obtained from petroleum. Many electrical power plants 
throughout the Northeast and Midwest are fueled by natural 
gas because it is efficient, clean burning, and can be instantly 
ignited when electrical demand is high. Some areas, and Hawaii in 
particular, use petroleum to provide electricity. 

Petroleum and natural gas aren’t just burned for energy. They are 
also used to manufacture many products such as soft drink bottles, 
dent-resistant car fenders, medicines, and sporting equipment like 
skateboard wheels and protective helmets and pads. You probably 
are unaware of all the ways you encounter petroleum-based 
products every day.

What is Energy?
Energy causes change; it makes it possible to do everything every 
day. Energy heats our homes, propels our transportation, powers 
our computers and other electronics, and makes it possible for our 
bodies to function properly. Scientists define energy as the ability 
to do work.

Forms of Energy 
Energy exists in two major forms: potential and kinetic. All forms 
of energy with which you are familiar, such as light, sound, and 
electricity, can be classified as one of these two forms.

Potential energy is stored energy. We store energy in a variety of 
ways. Batteries contain chemicals that can transform into electrical 
energy when connected to a device such as a flashlight or toy. 
Most of the potential energy that we use is chemical energy, but 
potential energy includes gravitational energy, or energy of 
position, nuclear energy, and stored mechanical energy. If you 
have ever pulled back on a rubber band, you have stored some 
mechanical energy in that rubber band.

Kinetic energy is the energy of motion. Because light, sound, 
electricity, and thermal energy are all in motion, they are classified 
as kinetic energy. 

Energy can be transformed, or changed, from one form to another. 
Batteries change chemical energy into electrical energy. Moving 
air, or wind, can change motion energy into electrical energy 
with a wind turbine. Toy cars that are pulled back and let go are 
transforming stored mechanical energy into motion.

Student Informational Text
Forms of Energy

Chemical 
Energy

Stored
Mechanical 
Energy

Nuclear 
Energy

Gravitational 
Energy

Electrical
Energy

Radiant
Energy

Thermal
Energy

Motion
Energy

Sound
Energy

POTENTIAL KINETIC

Figure 1.0  Energy Flow, 2010
(Quadrillion Btu)

U.S. Energy Information Administration / Annual Energy Review 2010 3

1 Includes lease condensate.
2 Natural gas plant liquids.
3 Conventional hydroelectric power, biomass, geothermal, solar/photovoltaic, and wind.
4 Crude oil and petroleum products.  Includes imports into the Strategic Petroleum Reserve.
5 Natural gas, coal, coal coke, biofuels, and electricity.
6 Adjustments, losses, and unaccounted for.
7 Coal, natural gas, coal coke, electricity, and biofuels.
8 Natural gas only; excludes supplemental gaseous fuels.
9 Petroleum products, including natural gas plant liquids, and crude oil burned as fuel.

10 Includes 0.01 quadrillion Btu of coal coke net exports.
11 Includes 0.09 quadrillion Btu of electricity net imports.
12 Total energy consumption, which is the sum of primary energy consumption, electricity retail

sales, and electrical system energy losses.  Losses are allocated to the end-use sectors in
proportion to each sector’s share of total electricity retail sales.  See Note, “Electrical Systems
Energy Losses,” at end of Section 2.

Notes: •  Data are preliminary.  •  Values are derived from source data prior to rounding for
publication.  •  Totals may not equal sum of components due to independent rounding.

Sources: Tables 1.1, 1.2, 1.3, 1.4,  and 2.1a.

ENERGy FLOW

Data: U.S. Energy Information Administration 
This image can be download at 
http://www.eia.gov/totalenergy/data/annual/diagram1.cfm.
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Sources of Energy 
People have always used energy to do work for them. Thousands of 
years ago, early humans burned wood to provide light, heat their 
living spaces, and cook their food. Later, people used the wind to 
move their boats from place to place. Just over a hundred years ago, 
people began using falling water to make electricity. 

Today, people use more energy than ever from a variety of sources 
for a multitude of tasks and our lives are undoubtedly better for 
it. Our homes are comfortable and full of useful and entertaining 
electrical devices. We communicate instantaneously in many ways. 
We live longer, healthier lives. We travel the world, or at least see it 
on television and the internet. 

The ten major energy sources we use today are classified into two 
broad groups—nonrenewable and renewable. Nonrenewable 
energy sources include coal, petroleum, natural gas, propane, and 
uranium. They are used to generate electricity, to heat our homes, 
to move our cars, and to manufacture products from candy bars 
to MP3 players. These energy sources are called nonrenewable 
because they cannot be replenished in a short period of time. 

Renewable energy sources include biomass, geothermal, 
hydropower, solar, and wind. They are called renewable energy 
sources because their supplies are replenished in a short time. 
We use renewable energy sources mainly to make electricity. Is 
electricity a renewable or nonrenewable source of energy? The 
answer is neither. Electricity is different from the other energy 
sources because it is a secondary source of energy. That means 
we have to use another energy source to make it. 

Formation of Petroleum and Natural Gas
Petroleum and natural gas are fossil fuels. Petroleum is often 
called crude oil. Petroleum and natural gas are considered fossil 
fuels because they were formed from the remains of tiny sea plants 
and animals that died millions of years ago. When the plants and 
animals died, they sank to the bottom of the oceans. 

Over time, the plant and animal remains were buried by thousands 
of feet of sand and sediment, which turned into sedimentary rock. 
As the layers increased in depth, they pressed harder and harder 
on the decayed remains at the bottom. The heat and pressure 
eventually changed the remains into petroleum or natural gas. Both 
are classified as a nonrenewable energy source because they take 
millions of years to form. We cannot make new petroleum reserves 
or natural gas deposits in a short period of time. Natural gas from 
underground reservoirs is considered a nonrenewable energy 
source, but there are some renewable sources of methane, such as 
landfills. 

Not all organic material buried underground turns into petroleum 
or natural gas. Certain geological conditions must exist within the 
rock formations for the transformations to occur. First, there must be 
a trap of non-porous rock that prevents the material from seeping 
out, and a seal (such as salt or clay) to keep the material from rising 
to the surface. Even under these conditions, only about two percent 
of the organic material is transformed into petroleum. 

When Did Natural Gas And Petroleum Form?
Even though both petroleum and natural gas come from ancient 
plant and animal matter, in geologic time, they are young. Most 
petroleum comes from rocks that are about 400 million years old 
or younger. Natural gas is found in similarly aged rock. Scientists 
believe the Earth is over four billion years old, with life existing on 
Earth for about 3.7 billion years. Dinosaurs first roamed the Earth 
about 248 million years ago. 

Petroleum deposits are locked in porous rocks like water trapped 
in a wet sponge. A typical reservoir is mostly sandstone or 
limestone in which petroleum is trapped. It may be almost clear 
or black. Petroleum, just out of the ground, is called crude oil. The 
characteristics of crude oil vary in different locations. Some crude 
is very clear and moves like water. This is usually called light crude. 
Other crude is very dark and thick like tar and almost a solid at 
normal temperatures. 

Petroleum          35.10%
Uses: transportation,
manufacturing 

Biomass 4.39%
Uses: heating, electricity,
transportation

NONRENEWABLE, 91.78%

U.S. Energy Consumption by Source, 2010

RENEWABLE, 8.22%

Hydropower 2.56%
Uses: electricity

Natural Gas       25.17%
Uses: heating, manufacturing,
electricity 

Geothermal 0.22%
Uses: heating, electricity 

Coal                       21.26%
Uses: electricity, manufacturing 

Wind 0.94%
Uses: electricity 

Uranium 8.62%
Uses: electricity 

Propane 1.63%
Uses: heating, manufacturing

Solar 0.11%
Uses: heating, electricity

Data: Energy Information Administration
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Petroleum and Natural Gas History
People have used naturally available crude oil for thousands of 
years. The ancient Chinese and Egyptians, for example, burned 
petroleum to produce light. The ancient peoples of Greece, Persia, 
and India discovered natural gas many centuries ago. The people 
were mystified by the burning springs created when natural gas 
seeping from cracks in the ground was ignited by lightning. They 
sometimes built temples around these eternal flames so they could 
worship the mysterious fire. About 2,500 years ago, the Chinese 
recognized that natural gas could be put to work. The Chinese 
piped the gas from shallow wells and burned it under large pans to 
evaporate seawater for the salt. 

Before the 1850s, Americans often used whale oil for light. When 
whale oil became scarce, people began looking for other oil sources. 
In some places, petroleum seeped naturally to the surface of ponds 
and streams. It was skimmed and burned in place of whale oil.

Kerosene, found in petroleum, was commonly used to light America’s 
homes before the arrival of the electric light bulb. As demand for 
kerosene grew, a group of businessmen hired Edwin Drake to drill 
for petroleum in Titusville, PA. After much hard work and slow 

progress, he discovered petroleum in 1859. Drake’s well was 69.5 
feet deep, very shallow compared to today’s wells. Drake refined 
the petroleum from his well into kerosene for lighting. Gasoline 
and other products made during refining were simply thrown 
away because people had no use for them. In the late 1800s, the 
development of the horseless carriage, with its internal combustion 
engine, stopped the waste of such energy-rich resources. As the 
demand for the horseless carriage, or automobile, grew, so did 
the demand for gasoline. By 1920, there were nine million motor 
vehicles in this country and gas stations were opening everywhere.

Natural gas was first used in America in 1816 to illuminate the 
streets of Baltimore with gas lamps. Lamplighters walked the 
streets at dusk to light the lamps. Soon after, in 1821, William Hart 
dug the first successful American natural gas well in Fredonia, NY. 
His well was 27 feet deep, quite shallow compared to today’s wells. 
The Fredonia Gas Light Company opened its doors in 1858 as the 
nation’s first natural gas company. By 1900, natural gas had been 
discovered in 17 states. In the past 40 years, the use of natural gas 
has grown. Today, natural gas accounts for 25.17 percent of the 
energy we use.
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Composition of Petroleum and Natural Gas
Like all living things, petroleum and natural gas are a mixture made 
of several carbon compounds including aromatics and olefins, and 
are excellent sources of energy. Petroleum and natural gas are also 
made of hydrogen, and are referred to as hydrocarbons. Because 
the living things that turned into petroleum and natural gas did 
not have the opportunity to complete the decay process, there is a 
great deal of chemical energy stored in their molecular bonds. 

Petroleum, or crude oil, is a mixture of many different compounds, 
and the composition of petroleum can vary greatly from place to 
place. Petroleum is not just dark brown; it is also found in yellowish, 
reddish, and even greenish tones. Sometimes it is very thick and 
sticky, and sometimes it is runny; the runniness of a liquid is known 
as viscosity. The higher the viscosity, the thicker the liquid.

Petroleum is categorized according to its color, viscosity, and sulfur 
content. These physical properties of the crude oil help determine 
how it will be used. For example, West Texas Intermediate (WTI) 
is categorized as “sweet,” with a very low sulfur content and very 
low viscosity. The physical properties of WTI make it very suitable 
for refining into gasoline. “Sour” crude oils are heavier and more 
viscous, have a higher sulfur content, and are more expensive to 
refine than sweet crude oil.

The composition of natural gas deposits from location to location 
does not vary as much as petroleum. It is typically a mixture of 
mostly methane, along with some ethane, propane, and butane. 
Natural gas is colorless and odorless. Gas utilities often add a 
chemical, called mercaptan, to the gas to give it a distinctive odor. 
This allows people to quickly and easily know if a gas line is leaking.

The chemical properties of the compounds in petroleum and 
natural gas determine how they are used. The heat of combustion 
of a compound tells how much energy could be transformed when 
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Table 1
Heats of combustion of some hydrocarbons found in 
petroleum and natural gas, and other energy sources.

Compound Chemical 
Composition

Heat of 
Combustion 

(BTU/lb.)
Methane CH4 23,900

Ethane C2H6 22,400

Propane C3H8 21,700

Gasoline 5-10 Carbon 
atoms

20,400

Paraffin 70 or more carbon 
atoms

19,900

Kerosene 10-16 carbon 
atoms

19,862

Diesel Fuel 14-20 carbon 
atoms

19,300

Coal (Anthracite) 14,000

Coal (Lignite) 8,000

Wood 6,500
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burning the compound. Table 1 on the previous page shows the 
heats of combustion for some important compounds found in 
petroleum and natural gas as well as wood and coal.

Note that the amount of energy contained in a pound of gasoline is 
more than three times the amount found in a pound of wood. The 
amount of energy stored in petroleum and natural gas makes them 
excellent choices for transportation fuels.

In general, the density of a hydrocarbon increases as the molecules 
increase in number of carbon atoms. Because they are more closely 
packed together, larger-molecule hydrocarbons like kerosene 
and diesel fuel are typically used in high-power applications such 
as passenger jets and semi-tractors. However, as the size of the 
molecule increases, the cleanliness of the fuel decreases. One 
important challenge in using larger hydrocarbons is that they emit 
more air pollution than the smaller molecules when burned.

Exploration Technologies
Because oil and gas are underground, finding them requires special 
techniques and equipment. There are several ways oil and gas can 
be located.

 � Seismic Technology 
Seismic technology uses sound waves to reveal what lies deep in 
the ground. Sound waves can travel through some materials more 
easily than others. When sound waves are directed into the ground 
and hit something they cannot penetrate, they bounce back, 
returning to the surface. Equipment on the surface records the 
returning waves. Once the waves have all been recorded for an area, 
the information is taken back to a lab where geoscientists analyze 
the data. A map of the underground terrain can then be created.

On land, vibrations are set off by small explosive charges in the 
ground or by thumper trucks. These special trucks have a hydraulic 
pad that is set on the ground underneath the truck to shake the 
ground with tremendous force at a rate of 5 to 80 times per second. 
The vibrations are audible and penetrate deep into the strata. The 
vibrations are reflected back to the surface and are detected by 
geophones.

 � 3-D Imaging
To create a 3-D image of the layers of ground, sophisticated 
seismic instruments are used. Numerous probes are placed in 
holes around a site. Each of these instruments records sound wave 
data which is fed into a computer and used to build extensive 
3-D models of underground rock formations. Then scientists can 
combine all of these images to get a better understanding of what 
lies underground. Today, seismic data is interpreted in high tech 
ways. Visualization in 3-D puts seismic information into a three-
dimensional format that people can more easily understand. One of 
the most advanced 3-D visualization projects is known as the CAVE 
(Cave Automatic Virtual Environment). The CAVE is an entire room 
used for visualization. In this virtual reality environment, the walls 
and floor are used as projection surfaces, giving the appearance of 
filling the room and allowing scientists to walk into the data.

 � Underwater Exploration
When searching for petroleum under the sea floor, seismic 
equipment must be adapted for the marine environment. Boats 
carrying tow cables attached to sound devices called hydrophones 

send down vibrations. These vibrations are set off by releasing 
bubbles of compressed air, which send out sound waves as they 
contract and expand while rising to the surface.

Combustion

Fuel

Oxygen

Heat

Energy

Exhaust

Gas
Oil and Natural Gas Exploration

Data: Energy Information Administration

Oil Both

U.S. Oil and Gas Basins

Data: Energy Information Administration
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 � Gravity Exploration
Rock layers of varying densities have different masses, and therefore 
slightly different gravitational pulls. Gravimeters can measure 
these differences at the surface using a weight suspended from 
springs. The detectable differences are as tiny as one part in ten 
million. Variations in density reveal certain subterranean features 
such as salt domes and masses of dense rock that allow geologists 
to visualize the subsurface rock structure.

 � Magnetic Exploration
Searches are conducted from an aircraft equipped with a device 
called a magnetometer. It detects differences in the magnetic 
fields of the rock layers. Sedimentary rocks, where petroleum and 
gas are usually found, are less magnetic than volcanic rocks.

Retrieving Petroleum
 � Permitting and Leasing Land 

Once a site has the potential for petroleum extraction, companies 
must get permission to drill. In some areas, this means acquiring the 
needed permits from state government and leases from landowners 
to drill on private land. In other cases, it is federal land and requires 
leases and permits from the U.S. Bureau of Land Management (for 
onshore drilling) or the Bureau of Ocean Energy Management, 
Regulation and Enforcement (for offshore drilling). There are also 
environmental protection measures that must be in place before 
drilling can begin. 

 � Drilling 
Since the first petroleum well was drilled in 1859 by Edwin Drake, 
petroleum production has become an increasingly complex and 
precise process. The original methods of drilling for petroleum were 

 � Rock Formation
The field of stratigraphy is the study of rock layers (or strata) 
to determine the type of rock formation, the age of the layers, 
the radioactivity of the formations, and other information to 
determine the composition, origin, and location of rock strata. 

Compiling information on rock formations is an important part 
of oil and gas exploration. Different types of rock have varying 
potential for holding oil or gas in a reservoir. There are three 
different types of rock: sedimentary, metamorphic, and igneous. 
Every rock fits into one of these three categories. 

Igneous rock is formed from magma, or liquid rock, that exists 
in the Earth’s core. Sometimes where cracks or faults occur in 
the Earth’s crust, magma can seep up and cool, creating igneous 
rock. Igneous rock can also be created when magma makes its 
way to the Earth’s surface in the form of lava. Igneous rock is 
usually the densest of the three rock types. 

Sedimentary rock is formed by the build-up of layers of sand 
and sediment over time. These layers are created as materials on 
the Earth’s surface are eroded and washed downstream. Over 
thousands of years, these particles are compressed to create 
rock. Most oil is found in sedimentary rock. Since sedimentary 
rock often has many pores, it is an ideal formation to contain oil 
and natural gas.

Metamorphic rock began as either sedimentary or igneous rock. 
It was exposed to increased pressure and heat and eventually 
changed into metamorphic rock. Frequently, metamorphic rock 
is found near other types of rock. It is also usually more dense 
than sedimentary rock because the pores were removed by heat 
and pressure. 

 � Permeability and Porosity
Oil and natural gas occur naturally in the Earth’s layers, inside of 
rocks. Rocks are not completely solid; they have tiny holes, or 
pores, in which air or other fluids were trapped during formation. 
The porosity of a rock formation is a measure of the number and 
kind of pores it has. 

Fluids can move between rock pores in varying degrees. 
Permeability is a measure of the ability of a rock to move fluids 
through its pores. Permeability is a very important feature for 
finding oil and gas. Being successful at finding oil is partially 
determined by locating porous rock, as well as locating other 
fluids, such as water, that are contained in rock formations. 

 � Geologic History 
An important factor in finding oil and gas is understanding the 
environment that existed in an area millions of years ago. Since 
oil and natural gas are the remains of ancient sea life, the first step 
in locating oil is finding areas where ancient seas once existed.
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based on ancient methods for finding water and salt. As wells have 
gotten deeper and more complex, drilling technology has also 
become more complex. 

To drill a well, a large drilling rig is brought to the site. Once it is 
staged above the desired location, drilling can begin. Roustabouts 
work on the rig and handle many of the different elements of 
drilling. 

Drill bits have sharp teeth that rotate to tear apart rock while the 
well is drilled. As the well gets deeper, lengths of 30-foot pipe are 
attached to the top of the drill. Each 30-foot section must be lifted 
above the last section and screwed onto the previous section. This 
is one of the reasons drilling platforms are very tall. 

When drilling a petroleum well, the rock that is torn by the drill bit 
(called debris) does not come easily to the Earth’s surface. As the 
hole gets deeper, debris can get in the way, blocking the hole. For 
this reason, drillers use mud to lift debris out of the well. Drilling 
mud originally was actual mud found on the drill site. Today, mud is 
a complex material specifically made for its purpose. Because it is so 
complex, mud is one of the biggest expenses in drilling. 

Mud flow is controlled by the mud engineer. It is pumped down the 
hollow drilling pipe. It comes out near the drill bit, cooling the bit. 
The mud then carries debris up through the well as it is pumped, to 
be collected above ground. One of the reasons mud is so expensive 
is that it must be formulated with precise density. Since less dense 
materials float on top of more dense materials, the mud must have a 
greater density than the rock being cut. Drilling mud also keeps the 
formation, or walls of the well, from collapsing inward. 

Once a well has been drilled to the depth of the petroleum reservoir, 
the workers move into the next stages—well completion and 
production. The drilling rig is removed from the site and the well is 
prepared to begin producing crude oil. 

 � Well Completion 
After a well is drilled, it must be completed before it can begin 
producing. There are three main steps in the completion process. 
The first step is allowing crude oil into the well so that it can be 
brought to the surface. The second is making sure water does not 
get into the well, and the third is keeping underground rock out of 
the well. 

Completion is not done the same way for all wells. Deciding what to 
do depends on a number of factors, including the size and shape of 
the petroleum reservoir, the surroundings of the reservoir, and the 
kinds of rocks and petroleum the reservoir contains. 

Petroleum is contained within rock formations. The nature of 
these formations affects the way petroleum is pumped from the 
ground. There are two characteristics that are very important to 
predicting how the petroleum will flow. The first characteristic is 
porosity. Porosity pertains to the gaps, or pores, between the grains 
in the rock where petroleum is stored. Permeability is the second 
important characteristic; it measures how many of those pores 
connect to each other. Knowing if the pores connect is important, 
since these connections are what allow petroleum to flow to the 
well. Even though a rock formation is very porous, if it has no 
permeability, the petroleum will be difficult to extract. 

Most petroleum formations also contain water, referred to as 
saturation, near or mixed in with the petroleum. Producers must 

be sure to separate this water out of the crude oil. They must also 
be sure to avoid contaminating nearby ground water, land, and 
underground aquifers. 

The amount of pressure in a formation is another factor that is 
very important. Since petroleum extraction removes mass from 
the Earth, the stability of the reserve is something that must be 
considered. While some formations can maintain their shape when 
petroleum is removed, others cannot. These formations must be 
stabilized, allowing them to remain open for fluids to flow. 

The last issue to be considered is how well the reserves are 
connected. Compartmentalization is a situation in which the 
petroleum from one part of the reserve cannot flow to another part 
of the reserve. There may be faults in the ground that disconnect 
the layers, or pores from one section may not be connected to other 
sections because of low permeability. There can also be streaks of 
other types of rock that the petroleum cannot easily pass through 
between the well and the petroleum, or there may be other barriers 
in the way of the flow. 

Once all these issues are taken into consideration, completing the 
well may begin. To start completion, the well must be open so that 
petroleum can flow into it. 

PIPELINES

OIL DERRICK
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 � Casing the Well 
Drill pipe does not stay in the well after it is drilled. It is replaced with 
longer, wider casing pipe, which is used to line the well. Usually, 
casing a well begins before the end of the drilling process. Casing 
the top of the well occurs as the drill continues to dig deeper into 
the ground. The final and deepest casing is placed in the well after 
drilling is complete. 

The rock around the well is crushed to allow the petroleum to 
flow freely. Shooting nitroglycerin and shattering the rock in the 
immediate area can crush the rock. The side of the well, or the 
casing, blocks petroleum from getting into the well itself. At the 
levels where petroleum is present, the casing is perforated to let 
petroleum flow. Perforating the casing is done by shooting a very 
thin, fast jet of gas to penetrate and perforate the casing. 

 � Cementing 
Once casings are in place, cement is used to fill in the gap between 
the casing pipes and the well wall. Drilling mud is pumped out of 
the well as cement is pumped in. As the cement is pumped in, the 
casing is slowly rotated to create a better bond with the cement. 

 � Production 
Once the wells have been completed, they can go into production. 
Production wells do not have the complex, above ground structures 
that are in place during drilling. Instead, the wells are capped with 
smaller units. Ideally, petroleum is extracted using natural drive, 
which means there is enough pressure in the well to move the 
petroleum and no pumping is needed. Wells with natural drive have 
“Christmas trees” above ground. A Christmas tree, in the petroleum 
industry, is a series of valves and gauges used to measure and 
control the flow and pressure of the well. 

Other wells do not have enough natural drive to move petroleum 
out of the Earth. They must use pumps to lift the petroleum to the 
surface. Typically, this is done with a sucker-rod pump, sometimes 
called a horse head pump because of its shape. Using one-way 
valves underground near the petroleum formation, the pump 
draws, or sucks, petroleum to the surface. As the horse head pump 
above ground goes up and down, valves below lift the petroleum. 
Pumps may run for only a few hours each day to avoid distorting the 
way the fluids are distributed underground. Many wells produce 
only a few barrels of petroleum a day. 

In a well that has a lot of pressure, a blow out preventer, or BOP, is 
used to avoid explosions. A BOP includes monitors to ensure the 
well is operating correctly and a set of controls that react to any 
unexpected pressure change. If there is too much pressure, the 
man-made elements of the well could be forced out the top of the 
well or fire could occur. 

To monitor a well’s progress, comprehensive data logs track a 
number of different factors. Radioactive, electric, mechanical, and 
sonic tools are just some of the ways wells are studied. If monitors 
indicate unusual well behavior, engineers investigate and attend to 
the problem. 
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Individual oil wells will eventually stop producing petroleum. 
When this happens, environmental and industry standards 
mandate the procedure for closing a well. Some of the 
steps required include cementing the well closed, removing 
equipment, and regrading the soil to return it to a state as 
close to the original as possible.

Because petroleum is a nonrenewable resource, at some 
point no new reserves will be located, and what is available 
at the time will limit how much petroleum can be produced. 
Peak oil is defined as the point in time when the maximum 
production of petroleum will be reached. When peak oil 
is reached, petroleum production will steadily decrease. If 
technology advances and the discovery of additional reserves 
of petroleum and natural gas do not keep up with demand, 
the US, and the rest of the world, will face a serious energy 
crisis. 

What Happens When The Well Runs Dry?
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 � Subsea Operations 
In offshore operations, well completion and production are similar 
to onshore, but they take place below hundreds or thousands of 
feet of water. Well caps must be resistant to corrosion by saltwater 
and must be able to withstand the pressure deep in the ocean. Well 
operators do not regularly visit the ocean floor to check on the well 
caps. Instead, sensors are placed on the well caps so that the wells 
can be monitored from the platform. Advanced technologies such 
as Remote Operating Vehicles, or ROVERS, can make robotic repairs 
to the well by operators on the platform using remote controls. 

The petroleum is piped to an offshore processing platform where it 
is combined with petroleum from other wells before being cleaned 
and sent to a refinery. There is a limited amount of space on an 
offshore platform to store new petroleum, so all of the operations 
must be carefully coordinated. Production supervisors oversee 
the entire operation of an offshore rig to make sure operations are 
moving smoothly. 

 � Cleaning the Petroleum 
Once petroleum has been brought to the surface, it must be 
cleaned. Refineries have specific standards that they require 
suppliers to meet before they will accept the petroleum. Producers 
usually clean their petroleum on site, near the pump. If a producer 
has multiple wells near each other, there may be one processing 
facility for a number of wells. 

Petroleum, natural gas, and salt water can often come up through 
the well mixed together. The simplest way to separate out the 
different materials is in settling tanks. Because gas is very low in 
density, it will rise to the top of the tank. The separation of petroleum 
and water, however, is not quite as simple.

Petroleum and water naturally separate because of their differences 
in polarity. Some molecules are polar, and some are nonpolar. A 
polar molecule is one where the electrons are not shared evenly 
among the atoms, and slight differences in electrical charge develop 
within the molecule. Nonpolar molecules have an even distribution 
of electrons, and therefore have no difference in electrical charge 
in the molecule. Polar compounds will dissolve polar compounds, 
and nonpolar compounds will mix with nonpolar compounds. This 
is why vegetable oil, which is nonpolar, will not mix well with water, 
which is polar. 

When petroleum and water are mixed together, they can be difficult 
to separate. This is true for household vegetable oil and tap water 
and it is true for crude oil and saltwater. Refineries require that the 
petroleum contain no more than one percent water. Waiting for the 
petroleum, salt water, and gas to separate naturally in tanks can 
take a long time, so other methods are often used.

Pressurized separators that have a higher capacity and separate 
more quickly can also be used. Inside these separators, pressure 
is used to collect liquids at the bottom, while petroleum and gas 
are piped out the side. Separators do a good job of separating 
petroleum and gas, but more processing is needed to remove all 
of the saltwater. 

To remove excess water, thermal energy is applied with a heat-
treater. The heat-treater causes the droplets of water suspended 
in the petroleum to come together, creating larger drops that are 
easier to remove from the petroleum. Water-free petroleum is 
removed from the top. 

Retrieving Natural Gas
Because natural gas is formed in much the same way as petroleum, 
it is also found using the same technology and techniques as 
petroleum. However, locating a productive natural gas well is less 
certain than with petroleum. Exploring for natural gas deposits is a 
high-risk, high-cost enterprise. Natural gas wells average 6,300 feet 
deep and can cost hundreds of dollars per foot to drill. Only about 
48 percent of the exploratory wells produce gas; the others come 
up dry. The odds are better for developmental wells—wells drilled 
on known gas fields. On average, 85 percent of the developmental 
wells yield gas. Natural gas can be found in pockets by itself or in 
petroleum deposits.

Natural gas may also come from several other sources. One source 
is coalbed methane, natural gas found in coalbeds. Until recently, 
coalbed gas was just considered a safety hazard to miners, but now 
it is a valuable source of natural gas. 

Another source of natural gas is the gas produced in landfills. 
Landfill gas is considered a renewable source of natural gas since it 
comes from decaying garbage. The gas from coalbeds and landfills 
accounts for about eight percent of the total gas supply today, and 
experts predict this figure will increase. The gas recovered from 
landfills is usually burned on the landfill site to generate electricity 
for facility operations.

OIL TANKER
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Shipping Crude Petroleum 
Petroleum wells are located above petroleum-bearing formations, 
wherever they are found. Refineries are usually near petroleum 
consumption markets, though many are located near major 
petroleum producing areas as well. There are different ways to get 
the petroleum from well to refinery. 

Much of the petroleum we use is shipped via pipeline. Petroleum 
pipelines move crude petroleum from petroleum platforms offshore 
to refineries onshore. Pipelines can also move petroleum products 
between regions of the United States. Pumping stations along the 
pipelines are located every 60 to 100 miles to keep the petroleum 
flowing. 

A pipeline must be kept clean. To clean the inside of a pipeline, 
an instrument called a pig is used. This instrument is shaped like 
a bullet and scrubs the wall of the pipeline. More advanced pigs, 
called smart pigs, use cameras to monitor the pipe for flaws. 

For longer distances, petroleum is put in tanker trucks or moved by 
sea on petroleum tankers. Petroleum produced in Venezuela, for 
example, is carried to the U.S. in petroleum tankers. This petroleum is 
off-loaded at a refinery to be turned into useful products. Petroleum 
tankers have two hulls, or shells, to help prevent petroleum spills. 

In most cases when petroleum is shipped by tanker, the crude oil 
travels though both pipeline and tanker. One example is petroleum 
produced on the Northern Slope of Alaska. This petroleum field is 
very far north, near the Arctic Ocean. Instead of building a port to 
bring tanker ships into these treacherous waters, a pipeline was 
built to carry the petroleum to a more easily reached port in the 
southern part of Alaska. 

After transportation by petroleum tanker or pipeline to a refinery, 
much of the crude oil is placed in storage facilities or tank farms. 
These large cylinders hold the crude oil until the refinery is ready 
to process it.

In the 1930s, miners trying to extract natural gas noticed 
their pipes becoming clogged in low temperatures with an 
icy substance. Further study revealed that the substance was 
a combination of methane trapped in ice crystals, and has 
come to be known as methane clathrate hydrate, or more 
commonly, methane hydrate. In the 1960s geologists learned 
that methane hydrates exist naturally at the bottom of the 
ocean along continental shelf boundaries, and in the frozen 
extremes of the two poles. 

Methane is a natural by-product of bacterial decay of organic 
matter, such as dead marine plants and animals. When this 
occurs deep in the ocean, or when methane from rock layers 
deep beneath the ocean seeps out, the methane becomes 
trapped in the structure of a methane hydrate.

Scientists at the Spallation Neutron Source at Oak Ridge 
National Laboratory have studied the structure of methane 
hydrates and have learned much about how they are formed 
and organized, and how the interaction between the nonpolar 
methane and polar water occurs. This will help further research 
into how water and hydrocarbon molecules interact, and 
could lead to a new way of sequestering the carbon dioxide 
produced when methane is burned, creating an “energy cycle” 
where methane is extracted from ice, burned, and the carbon 
dioxide is encased in clathrate crystals.

Many experts believe that methane hydrates are an excellent 
source of energy for the future. Methane molecules are 
very closely packed together in the cage-like structure of a 
methane hydrate, and the amount of energy concentrated is 
very high. Furthermore, many scientists believe vast quantities 
of free methane lie beneath the methane hydrate layers. The 
challenges lie in recovering the methane without allowing it to 
escape into the atmosphere. Because methane is a greenhouse 
gas, like carbon dioxide, any process that allows significant 
amounts of methane to be released into the atmosphere 
would be considered environmentally harmful.

Methane Hydrates

Likely Methane Hydrate Deposits

NATURAL GAS PIPELINE

Natural gas pipelines transport large quantities of natural gas to consumers.
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Transporting Natural Gas
How does natural gas get to you? Usually by pipeline. Approximately 
300,000 miles of underground pipelines link natural gas wells to 
cleaning plants to major cities across the United States. Natural gas 
is sometimes transported thousands of miles by pipeline to its final 
destination. 

A machine called a compressor increases the pressure of the gas, 
forcing the gas to move along the pipelines. Compressor stations, 
which are spaced about 50 to 100 miles apart, move the gas along 
the pipelines at about 15 miles per hour. 

Some gas moved along this subterranean highway is temporarily 
stored in huge underground reservoirs. The underground reservoirs 
are typically filled in the summer so there will be enough natural 
gas during the winter heating season. 

Eventually, the gas reaches the city gate of a local gas utility. The 
pressure is reduced and an odorant is added so leaking gas can be 
detected. Local gas companies use smaller pipes to carry gas the 
last few miles to homes and businesses. A gas meter measures the 
volume of gas a consumer uses.

Uses of Natural Gas and Petroleum
Just about everyone in the United States uses natural gas. Industry 
is the biggest user. Industry burns natural gas for thermal energy 
necessary to manufacture many of the products we use every day. 
Natural gas is also used as feedstock (an ingredient in fertilizer, glue, 
paint, laundry detergent, and many other products). 

The residential sector is the second biggest user of natural gas. Five 
in ten homes use natural gas for heating, and many also use it for 
cooking and heating water. Commercial buildings use natural gas, 
too. Commercial users include stores, offices, schools, churches, and 
hospitals. 

Natural gas can also be used to generate electricity. Many utilities 
are building new power plants that burn natural gas. It is cleaner 
burning than coal, and natural gas plants can produce electricity 
quickly when it is needed for periods of peak demand. A small 
amount of natural gas is used as fuel for automobiles. Natural gas 
is cleaner burning than gasoline, but vehicles must have special 
equipment to use it. Many city buses and vehicles used in national 
parks operate on compressed natural gas. 

 � From Oil Pump to Gas Pump: Refining Transportation Fuels
Before petroleum can be used, it must be sent to a refinery, where 
it is separated into its components. At the refinery, a process 
called fractional distillation is used to separate the molecules by 
another physical property, the boiling point. In the distillation or 
fractioning tower column, smaller molecules, with lower boiling 
points, move to the top of the column, while the largest molecules, 
with the highest boiling points, collect at the bottom.

Compounds that will be used in transportation fuels, such as 
gasoline and jet fuel, are sent for further refining before being 
distributed to fueling stations. There are three main types of 
processes that are used. 

Underground Pipeline

PIPELINE

Fractional Distillation

OIL REFINERy
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Cracking breaks long hydrocarbon chains into smaller ones. 
Unification combines small chains into longer ones. Alteration 
rearranges pieces of hydrocarbon chains to make different 
hydrocarbons. 

Cracking can be done in a number of different ways. One method 
is thermal cracking. Thermal cracking uses very high temperatures 
to break apart long chains of hydrocarbons. This can be done using 
high temperature steam. Cracking can also be done by heating the 
residue from distillation towers to very high temperatures until it 
separates into useful parts. This process is also known as coking, 
because the material that is left after all of the useful hydrocarbons 
are removed is coke, a hard, porous carbon material. Coke is used 
by heavy industry, such as iron and aluminum manufacturing. 
Another way that long hydrocarbon chains are broken is through 
catalytic cracking. A catalyst is a material that increases the rate 
of a chemical reaction, but is not a part of the chemical reaction. 
Catalytic cracking is used to change heavy diesel oils into diesel 
fuel and gasoline.

When smaller hydrocarbons are combined to make larger ones 
through unification, they usually undergo a process of catalytic 
reformatting, a process that converts naphtha into aromatics. 
Aromatics are cyclic hydrocarbons, meaning the carbons form a 
ring rather than the simpler straight chain of hydrocarbons. Their 
name is derived from their distinctive sweet smell. Aromatics are 
a very important class of petrochemicals and are typically blended 
into gasoline and used to manufacture many different products. 
The most common aromatics are benzene, toluene, and zylenes. In 
addition to aromatics, the main by-product of catalytic reforming is 
hydrogen gas. 

Alteration is the rearrangement of molecules in a hydrocarbon 
to create a more useful hydrocarbon. Usually this is done with 
alkylation, a process in which hydrocarbons are mixed with a catalyst 
and an acid to create hydrocarbons that more branched, rather than 
straight chains. Branched hydrocarbons burn more smoothly than 
straight chain hydrocarbons. Adding branched hydrocarbons to 
gasoline improves its octane rating and reduces engine knocking.

 � Beyond the Gas Tank
Petroleum goes into much more than just the tanks of our cars and 
airplanes. Petroleum is used to make many of the products we use 
every day. It is well known that plastics are made from petroleum 
products, but that is only the beginning. Your toothbrush, toothpaste, 
shampoo, and even your contact lenses are made from petroleum, 
as are carpeting, CDs, the ink in your pen, and medical devices such 
as prosthetic heart valves. 

Chemical plants take refinery products and manufacture the 
products we use. There are many different kinds of chemical plants 
ranging in size from one to two items produced to many different 
products. The largest plants can produce over 5 billion pounds 
of product each year. Large chemical plants are continuously in 
operation every day of the year. Many of these plants are automated 
with new technology and need fewer people than in the past to run 
them. 

To get the products that are familiar to us, feedstocks, or raw 
materials, must be processed. Different products have different 
steps that are needed. Many products are made from more than 
one feedstock, which are combined in different ways to produce a 
variety of products. 

Besides being used as fuel additives, aromatics are used to make 
plastics and polymers. These go into products such as paint, textiles, 
building materials, and leather alternatives. 

Another important category of compounds produced from 
petroleum refining, olefins, are hydrocarbons that contain one 
or more pairs of carbon atoms linked by a double bond. Typical 
examples include ethylene and propylene. Olefins are obtained 
by cracking petroleum fractions at high temperatures. Another 
word for olefin is alkene. The simplest olefins are the basis of the 
petrochemical industry. They are used to produce plastics, industrial 
solvents, and chemicals used in other applications. A number of 
familiar products come from these petrochemicals, including plastic 
bags, paint, tires, and plastic bottles. 

Common Ole�ns and Aromatics
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Economics and Policies
The prices of petroleum and natural gas have risen significantly in 
the last decade. The increase is due to both an increase in demand 
worldwide as well as a decrease in supply. Demand in the U.S. has 
increased, but developing economies in other countries have also 
increased the amount of oil and natural gas they use. As the most 
accessible reserves have been extracted, it becomes more difficult 
and expensive to continue production of these valuable resources. 
Currently the U.S. is importing over 60% of its crude oil supply. The 
U.S. also imports a small amount of natural gas, but the majority 
of natural gas is produced domestically. Overall, the U.S. imports 
about one third of its energy. 

There is a wide variation in cost of petroleum and natural gas around 
the world due to government subsidies, taxes, political and social 
ideologies, as well as distance from petroleum sources. Fluctuations 
in the price of petroleum are also due to our dependence on foreign 
supplies and uncertainty of future petroleum production. The 
prices of petroleum and natural gas affect the economy in many 
ways including the cost of transportation, electricity, the vast array 
of products made from petroleum and natural gas, heating and 
cooling, and even our food supply. 

Across the U.S., the petroleum and natural gas industries provide 
nine million jobs and were responsible for 7.7% of our gross 
domestic product in 2010. The industries are major employers and 
economic developers that are critical to the economic health of our 
country and to our national security.

Politics play an important role in the development and regulation 
of petroleum and natural gas. As a nation, we rely heavily on these 
sources for our energy and manufacturing needs. Politically, the use 
of petroleum and natural gas raises concerns for national security, 
pollution, economics, and international relations. Decisions made 
by Congress will impact the future production and consumption of 
petroleum and natural gas. 

Data: Energy Information Administration

Petroleum Consumption by Sector, 2010
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U.S. Natural Gas Consumption by Sector, 2010

Data: Energy Information Administration
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Factors in Gasoline Pricing, 2010
In 2010, the average retail price for a gallon of regular grade unleaded 
gasoline was $2.78. The biggest factor in the total price is the cost of crude oil 
that is used to produce the gasoline.
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Combustion of anything high in carbon, including petroleum and 
natural gas, produces carbon dioxide. Carbon dioxide is one of many 
greenhouse gases. A greenhouse gas is one that is able to capture 
and hold significant amounts of thermal energy within its chemical 
bonds. The bonds of greenhouse gases are flexible, enabling 
them to absorb thermal energy, increasing the temperature of the 
atmosphere. Many scientists believe that increasing levels of carbon 
dioxide in the atmosphere, caused in large part by fossil fuel use, are 
having long-term effects on the global climate. 

Figure 1— The radiant energy from the sun is absorbed and 
transformed to thermal energy on Earth. Greenhouse gases in the 
atmosphere absorb thermal energy. When more greenhouse gases 
are present, more thermal energy is absorbed.

Figure 2—Carbon dioxide is not the only greenhouse gas produced by human activity. This chart shows the major greenhouse emissions 
produced by human activity, and the sectors that produce those emissions.
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Greenhouse Gases
Carbon dioxide accounts for more than 75 percent of all global greenhouse gas emissions, mainly due to the increased use of fossil fuels. 
Since the Industrial Revolution, the concentration of all greenhouse gases has increased.
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Figure 4—Since the Industrial Revolution began, fossil fuels have been providing most of the energy being used. Burning fossil fuels 
releases carbon dioxide, a greenhouse gas. Increases in greenhouse emissions cause temperatures to increase.

Figure 3—Without human intervention, distribution of carbon 
throughout the Earth remains constant. Releasing carbon by 
burning fossil fuels, and decreasing plants’ ability to remove it by 
changing land use, shifts the equilibrium toward greater stain on 
atmospheric conditions. 
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Careers in the Petroleum and Gas Industry
The petroleum and gas industry offers a variety of careers for 
individuals to work at its refineries, chemical plants, or on exploration 
and production facilities, both onshore and offshore. The following 
are some of the career options available: 

Process Technicians—members of a team of people that control, 
monitor, and troubleshoot equipment and focus on safety and 
environmental considerations. 

Instrumentation Technicians—maintain, calibrate, adjust, and 
install measuring and control instruments necessary to ensure the 
safe, efficient operation of equipment. 

Electricians—read blueprints that show the flow of electricity and 
maintain and repair the electrical and electronic equipment and 
systems that keep the facilities up and running. 

Machinists—install, maintain, repair, and test rotating mechanical 
equipment and systems. 

Geologists—explore the nature and structure of rock layers to piece 
together a whole picture of the subsurface in order to determine the 
best possible places to drill for petroleum and natural gas. 

Petroleum Geologists—gather, process, and analyze seismic data 
and well data in order to locate drill sites for their companies. 

Geoscientists—study the composition, structure, and other 
physical aspects of the Earth and are involved in exploration and 
production of petroleum and natural gas. 

Petroleum Engineers—play a key role in determining the reservoir 
capacity (how much petroleum it might hold) and productivity 
(how much it produces) to design systems that move the petroleum 
from the wells (production process) through refining, where it gets 
cleaned up and converted into the energy we use. 

Chemical Engineers—design chemical plant equipment and 
develop processes for manufacturing chemicals and products like 
gasoline, detergents, and plastics. 

Mechanical Engineers—deal with the design, manufacture, 
and operation of the machinery and equipment used to improve 
petroleum drilling, and the processing of petroleum or chemical 
products.

Environment
In the United States, we use more petroleum than any other energy 
source. Petroleum products—gasoline, fertilizers, plastics, and 
medicines—have brought untold benefits to Americans and the 
rest of the world. We depend on these products, and, as consumers, 
we demand them. However, these benefits are not without cost. 
Petroleum production, distribution, and combustion can also 
contribute to air and water pollution. 

Drilling for, transporting, and improper disposal of petroleum 
can endanger wildlife and damage the environment. Leaking 
underground storage tanks can pollute groundwater and create 
noxious fumes. Processing petroleum at the refinery can contribute 
to air and water pollution. Burning gasoline and diesel to fuel our 
cars and other small engines such as lawn mowers contributes to air 
pollution. Even waste petroleum drained from the family car, if not 
properly recycled, can pollute rivers and lakes.

Many advances have been made in protecting the environment 
since the passage of the Clean Air Act in 1970. Petroleum companies 
have redesigned their refineries to reduce emissions into the air and 
water. Gasoline mixtures have been reformulated to burn cleaner, 
dramatically cutting the levels of nitrogen oxide, carbon monoxide, 
and hydrocarbons released into the air. Removing lead from gasoline 
has significantly reduced the amount of lead pollution in the last 30 
years.

Like petroleum, burning natural gas releases pollutants into 
the atmosphere when burned. However, natural gas is the least 
polluting fossil fuel. Burning natural gas produces less sulfur, carbon, 
and nitrogen than burning other fossil fuels. Natural gas also emits 
little ash particulate into the air when it is burned. 

The production, transportation, distribution, and combustion of 
petroleum and natural gas are strictly regulated to minimize the 
negative effects on the environment and people. Our increasing 
dependence on petroleum presents a continuing challenge. In 
the future we must balance the growing demand for petroleum 
products with protection of the global environment. 

Petroleum fuels can contribute to air pollution.

AIR POLLUTION

Photo Courtesy of Harald Petterson

OSEBERG FIELD CENTER—PETROLEUM
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Future
Petroleum and natural gas are nonrenewable resources. Because 
one day they will run out, we need to begin transitioning toward 
renewable, sustainable supplies of energy. In addition, new 
technologies will be necessary to improve the way that petroleum 
and natural gas are utilized and extracted. Developments in 
material science, engineering, drilling, nanotechnology, and other 
research areas will continue to improve the extraction and use of 
petroleum and natural gas.

One such technique already in use is horizontal drilling, which the 
petroleum industry has used to increase production and minimize 
the environmental impact of drilling multiple vertical wells. The 
natural gas industry is now using horizontal drilling to more widely 
access reserves.

The Energy Information Administration estimates that at the 
current rate of consumption there are enough natural gas reserves 
to last 110 years. Shale gas is a major component of the known 
reserves. Advances in horizontal drilling and hydraulic fracturing 
have made production of natural gas from shale plays, formations 
containing significant accumulations of natural gas, economical. 
The Annual Energy Outlook projects that by 2035, production of 
shale gas will make up 45 percent of the U.S. natural gas supply. 

In horizontal drilling, a vertical well is drilled to the formation that 
has been identified as a reservoir. Then the drill bit can be turned 
up to a 90 degree angle so that the well parallels the reservoir. This 
allows the maximum amount of petroleum or natural gas to be 
recovered. 

There are rich deposits of petroleum and natural gas on the 
outer continental shelf (OCS), especially off the Pacific coasts of 
California and Alaska, in the Gulf of Mexico, and in certain basins 
off the Atlantic coast. Thirty basins have been identified that could 
contain enormous petroleum and gas reserves. It is estimated that 
30 percent of undiscovered U.S. gas and petroleum reserves are 
contained in the OCS. Beyond these domestic possibilities, there 
are also many untapped deposits around the world other countries 
could develop. 

As of 2011, no Congressional or Presidential moratoria exist for 
energy development on the outer continental shelf. However, no 
lease sales, the process by which the U.S. Department of Interior 
grants permission to use offshore lands, can be held unless they 
are included in the U.S. Department of the Interior’s Five-Year Plan. 

Some other areas of potential development that could affect 
natural gas production and distribution include methane hydrates, 
biomass, and liquefied natural gas. Scientists continue to research 
new ways to obtain natural (methane) gas from biomass—a fuel 
source derived from plant and animal wastes. Methane gas is 
naturally produced whenever organic matter decays. Today, we 
can drill shallow wells into landfills to recover the methane gas. 
Landfills are already required to collect methane gas as a safety 
measure. Typically, landfills collect the gas and burn it to get rid of 
it; but the gas can be put to work. In 2009, landfill gas generated 
15.8 billion kilowatt-hours of electricity. There are other ways to 
convert biomass into natural gas. One method uses aquatic plants, 
such as sea kelp, to produce methane gas. In the future, huge kelp 
farms could produce a renewable source of gas. 

Another successful development has been the compression of 
natural gas into a liquid. As a liquid, natural gas is called LNG, or 
liquefied natural gas. LNG is made by cooling natural gas to a 
temperature of -162°C (-259°F). At that temperature, natural gas 
becomes a liquid and its volume is reduced 600 times. Liquefied 
natural gas is easier to store than the gaseous form since it takes 
up much less space. LNG is also easier to transport. People can put 
LNG in special tanks and transport it on trucks or ships. Today, more 
than 113 LNG storage facilities are operating in the United States.

As the demand for petroleum and natural gas grows and the issues 
become more and more complex, energy companies are using 
advanced technologies to design and deliver next generation fuels 
and products. The skills used by all workers in the petroleum and 
natural gas industries are transferable to these new technologies. 
New opportunities are emerging every day. 

Consumers can make a real difference by recycling petroleum– 
based products and buying products that conserve energy.

Data: Energy Information Administration
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We know that oil and natural gas are trapped in porous rocks 
far beneath the surface of the Earth. People have been taking 
advantage of oil and gas that make their way to the surface on their 
own for hundreds of years. But if gas and oil are trapped beneath 
the Earth’s surface, how have people been able to use it without 
drilling for it? How did that gas even get to the surface in the first 
place?

The surface of the Earth is a lot like swim rafts floating on top of 
a swimming pool. The rocky “rafts,” called plates, move and shift 
around, and bump into each other. Sometimes the bumping 
is strong, and results in an Earthquake. Sometimes the shifting 
is slight, and barely noticeable to all but the most sensitive of 
equipment. Slight shifts cause cracks in the rocks, and it is through 
these fractures in the crust that oil and gas can escape. This is what 
causes the bubbles to rise from the floor of the ocean – it’s merely 
small amounts of natural gas rising from small fractures in the rocks 
of the ocean floor.

Because not all oil and gas deposits are as easy to reach as drilling a 
hole and pumping the oil or gas to the surface, other methods are 
needed. Geologists looking for ways of extracting oil and gas first 
look for natural fractures from which gas is already escaping. These 
are good places to use hydraulic fracturing to get the oil and gas out 
of the ground. Hydraulic fracturing, or “fracking,” is a means of using 
pressurized solutions of water, sand, and small amounts of other 
environmentally safe substances to crack, or fracture, shale, and 

allow easier extraction of the oil or gas locked inside. Developed 
in the 1940s, fracking has been perfected and combined with 
horizontal drilling technology to reach previously unattainable oil 
and gas deposits.
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The first step in fracking begins as any other oil or natural gas well 
begins – with a vertical drill penetrating the layers of dirt and rock 
beneath the surface. A thick fluid, called mud, is pumped down to 
the drill to help keep it cool and lubricated. Rock fragments and soil 
are removed when the mud is circulated. Once the boring motor 
has reached a depth well below the groundwater aquifer, a surface 
casing made of steel is inserted in the hole, and cement is pumped 
down into the casing and pressurized so it flows upward around the 
outside of the pipe.

When the cement has hardened, a special drilling motor is re-
inserted into the casing, which drills through the bottom of the 
cement and continues down toward the shale formation. The 
special drill used in this part of the recovery process can drill at 
an angle, so that a curving hole is made in the ground, eventually 
becoming horizontal at the appropriate location within the shale 
formation.

At this point, the drilling motor is removed, and a casing is inserted 
into the horizontal hole. A device loaded with explosive charges 
is inserted into the casing. When the charges are detonated, 
small holes are blown into the casing, perforating it. Hydraulic 
fluid containing a mixture of mostly water and sand, and a small 
amount of other substances, is pumped under high pressure into 
the perforated casing and out into the shale. The high pressure 
liquid causes the shale to fracture, and when the water drains, the 
sand remains, holding the fractures in the shale open. The casing 
is plugged behind the perforations, and the perforation and 
fracturing processes are repeated, plugging after each fracture. 
When the entire casing has been perforated and the adjacent shale 
is fractured, the plugs are drilled away, and the oil or gas can flow 
freely through the shale fractures into the perforated casing and 
out to the well. 

Advancements in drilling and fracturing techniques have made 
the extraction of shale gas possible to meet increasing demand 
for natural gas. Development of natural gas from shale plays using 
hydraulic fracturing presents some challenges, including the need 
for access to water for use in the process and the need to protect 
local drinking water and other natural resources. In some areas, 
development of shale gas brings drilling operations closer to 
local residential communities too, making land and homeowner 
cooperation and collaboration a high priority for companies 
engaged in development of these resources.
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Hydrocarbon Properties
?  Question

What properties make a compound useful for a transportation fuel?

 Hypothesis
Draft a hypothesis to answer the question using an “If...then...because...” format.

 Materials
 �Graph paper or computer
 �Table of values below
 �Pencil or pen

 Procedure
1. The table shows some physical properties of hydrocarbons with differing numbers of carbon.

2. Graph the melting and boiling points vs. the number of carbons in the molecule. You can do this by hand, or on a computer. Do not 
connect the data points, and graph both sets of data on the same set of axes. Make sure you properly label your graph and indicate a 
legend for the plot.

3. Graph the heat of combustion vs. hydrocarbon size on a different chart. Make sure you properly label your graph.

Physical Properties of Hydrocarbons
Hydrocarbon Name Number of Carbons Melting Point (ºC) Boiling Point (ºC) Heat of Combustion (kg cal)

methane 1 -182 -164 212.79

ethane 2 -183.3 -88.6 372.81

propane 3 -189 -42.1 530.57

butane 4 -139.4 -0.5

pentane 5 -130.0 36.1 845.16

hexane 6 -95.0 69.0 995.01

heptane 7 -90.6 98.4 1149.90

octane 8 -53.8 125.7 1302.70

nonane 9 -51.0 150.8

decane 10 -29.7 174.1 1610.20

undecane 11 -25.6 196.0

dodecane 12 -9.6 216.3

tridecane 13 -5.5 235.4

tetradecane 14 5.9 253.7

pentadecane 15 10.0 276.0

hexadecane 16 18.2 284.0 2559.10

heptadecane 17 22.0 301.8

octadecane 18 28.2 316.1

nonadecane 19 32.1 329.7

eicosane 20 36.8 343.0 3183.10

heneicosane 21 40.5 356.5

docosane 22 44.4 368.6

tricosane 23 47.6 380.0

tetracosane 24 54.0 391.3

pentacosane 25 401.9

COMPOSITION ACTIVITY
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 Analysis
1. Using the melting point/boiling point graph, draw a light pencil line across the graph at approximately -10°C. Draw another line across 

the graph at about 40°C. This indicates the minimum and maximum temperatures for most of the United States year-round. Lightly 
shade in the area of the graph between the two lines. Where is room temperature on this graph?

2. Explain the general trend you observe in your melting point/boiling point graph. 

3. Looking at your melting point/boiling point graph, match up the melting point and boiling point of each hydrocarbon by drawing a 
vertical line from the melting point down to the corresponding boiling point. 

4. Which items do not fall in the average temperature range for melting or boiling? What state of matter do you think the items must be 
if their melting and boiling point are very low (under the average temperature range)?  What state of matter must they be if both are 
high (above the average temperature range)?  What state of matter might they be if at least one of their points falls within the average 
range?

5. Why might boiling point and melting point be important for hydrocarbons?  (Hint, look at the names of the items on your data table)

6. Look at your Heat of Combustion graph. Heat of combustion is the amount of energy that is obtained by burning a molecule. What is 
the general trend you observe on this graph?

7. Using your graphs and the Fractional Distillation graphic on page 46 of the informational text, label your heat of combustion graph 
to show the where propane, gasoline, jet fuel, and diesel are found within the data.  Use your graphs and the graphic on page 46 to 
explain why these fuels might be used the way they are. 
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Formation of Petroleum and 
Natural Gas

Scene One 
570 million years ago—during a period known as the “Paleozoic Era” [pey-lee-uh-zoh-ik]—a large sea covered the area we now recognize 
as the southern part of the United States. In this sea lived a vast number of microscopic plants and animals called plankton. This 
microscopic plankton drifted on or near the surface of the water and became so numerous that it could actually be seen with the naked 
eye. Throughout the Paleozoic Era the sea was also alive with trilobites, corals, crinoids, brachiopods, and many other plants and animals 
that evolved over millions of years. A trilobite was a strange-looking little creature. Small grooves divided its body and hard-segmented 
shell into three vertical parts. A semicircular shield covered its head. Coral, which still exists today, came in many different sizes, shapes, 
and colors. The coral polyps were simple animals that were able to take calcium out of saltwater and convert it into a rock-like shelter 
in which they lived. Crinoids anchored themselves to rocks on the sea floor with a root-like structure that supported a stalk or column 
topped by a cup-like cavity, which formed a protective case for a flower. Brachiopods were clam-like animals. Their two-piece dorsal and 
ventral shells enclosed and protected their soft body parts. Due to their ability to reproduce quickly, the plankton, along with other sea 
life, were abundant. As these carbon-containing organisms went through their extremely short life cycles and died, their remains sank to 
the deep sea floor and became covered with the mud, sand, and sediment from the eroding mountains and surrounding areas. Because 
they were buried so quickly on the deep sea floor, the plankton and other sea creatures lacked oxygen, which is necessary for decay or 
decomposition. Draw a picture that shows this scene on the first section of your paper. 

Scene Two 
320 million years passed, and layers of sediment on the sea floor became thousands upon thousands of feet deep. These layers were 
filled with dead plankton, fossilized sea creatures, and eroded rock. During the time period known as the “Mesozoic Era” [mez-uh-zoh-
ik], dinosaurs began to roam the Earth and swim in the sea. More than half of the great sea had disappeared because of evaporation, 
Earthquakes, and the filling and layering of sediments on the sea floor. This heat and pressure was responsible for changing the dead 
organic material into hydrocarbons (substances containing hydrogen and carbon) and causing the remaining inorganic material to 
change into sedimentary rock. Draw a picture that shows this scene on the second section of your paper. 

Scene Three 
250 million years later brings us to present day—the “Cenozoic Era” [see-nuh-zoh-ik]. People now walk the Earth and the dinosaurs have 
long since disappeared. Erosion and other sediments have now completely filled the ancient seas. The heat and pressure have formed 
many layers of sedimentary rock, and deep source rock—rock where oil and natural gas form. Much of the water that was in the sea is 
now in the pore spaces of the sedimentary rock. The remaining water evaporated or was pushed into areas where seas or oceans now 
exist. Over millions of years, temperatures ranging from 150-300 degrees Fahrenheit (66-149 degrees Celsius) have “cooked” the organic 
materials causing a complex chemical change, creating hydrocarbons called oil and natural gas. These hydrocarbons, also known as fossil 
fuels, have been discovered in Texas. Can you picture this scene? Draw a picture that shows this scene on the third section of your paper. 

As you finish the last scene, keep in mind that there are several theories concerning the formation of oil and natural gas. What you have 
just heard and drawn is the most widely accepted scientific theory. 

FORMATION ACTIVITY
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Exploring Polarity

 Background
Polarity is a physical property that describes whether or not a substance contains polar molecules. A polar molecule has bonded in a way 
that has an uneven distribution of electrons, creating an electric field or charged ends. Polarity determines how well substances mix. Polar 
substances dissolve in other polar substances, while nonpolar substances dissolve in nonpolar substances.

?  Question
How do polar and nonpolar substances interact?

 Hypothesis
Draft a hypothesis to answer the question using an “If...then...because...” format.

 Materials

 Procedure
1. Obtain two packing peanuts labeled “A” and two labeled “B” from the instructor. 

2. Record at least three different properties for each type of packing peanut. 

3. Fill a 100 mL beaker with 50 mL of water and a second 100 mL beaker with 20 mL of acetone. 

4. Put one “A” packing peanut into each beaker and stir.

5. Record whether the peanuts dissolve in acetone or water.

6. Put one “B” packing peanut into each beaker and stir.

7. Record whether the “B” peanuts dissolve in acetone or water.

8. Clean up according to your teacher’s instructions and answer the questions.

 Data and Observations

Packing Peanut Type Action in Acetone Action in Water

A

B

 Analysis
1. Which solvent is polar? __________________ Which solvent is nonpolar? ____________How do you know?

2. Based on your observations, which peanut, A or B, is polar? How do you know?

3. Based on your observations, which peanut, A or B, is nonpolar? How do you know?

4. Ask the teacher for the identity of the materials from which the peanuts were made. The polar substance is _______________________ 
and the nonpolar substance is ________________.

5. Gasoline is made from refined petroleum, like many hydrocarbons, and is nonpolar. What would happen if it was transported in a 
polystyrene container? Explain why this is important.

 �2 Polystyrene and 2 biodegradable packing peanuts
 �Acetone
 �2 100 mL beakers 

 �2 Stirring rods
 �Safety goggles
 �Water

COMPOSITION ACTIVITY
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Fault Blocks

?  Questions
What happens when the tectonic plates of the Earth move and push against each other? How does oil and gas get trapped beneath rock 
layers?

 Hypothesis
Draft a hypothesis to answer the questions using an “If...then...because...” format.

 Materials

 Procedure
1. Stand the 3 blocks up on the narrow edge. 

2. Gently push inward on the outer two blocks toward the center block.

3. Pull the outer two blocks outward away from the center block.

4. Record observations about the way the layers shift to show faults.

5. Cut a white piece of paper in a dome shape and tape it to the center block to show a salt dome. 

6. Push the two outer blocks toward the center block forcing the salt dome upward.

 Conclusions
1. How do the wooden blocks show what happens in the Earth’s crust?

2. Describe how the wooden blocks demonstrate the way mountains are formed.

3. Explain how the wooden blocks model the formation of a salt dome.

 �Wooden block that is 8 x 3 x 1 cut as shown in the picture
 �Candle or paraffin wax
 �Markers or crayons
 �Ruler

 �Sandpaper
 �Permanent markers
 �White paper

FORMATION ACTIVITY
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Mapping the Ocean Floor

 Background
The Earth’s crust is divided into plates; layers of rock that are slowly and constantly moving. These plates meet at areas called plate 
boundaries. There are three types of boundaries

 �convergent—where plates push towards each other
 �divergent—where plates spread apart from each other
 �transform—where plates slide past each other

?  Question
How does the age of the rocks help geologists find oil and gas?

 Hypothesis
Draft a hypothesis to answer the question using an “If...then...because...” format.

 Materials

 Procedure
1. Cut a piece of white paper in half lengthwise.

2. At one end of both pieces of paper, use green and brown markers to draw a land mass.

3. Use a light blue marker to draw the shallow portion of ocean along the land mass. It should somewhat resemble the coast of the land 
mass in shape, but does not have to be identical.

4. Starting at one of the uncolored ends, wind one piece of paper onto one straw. It’s not necessary to make it perfectly straight. Secure 
it lightly to the straw with a piece of tape.

5. Tape the ends of the straw down tight to your desk or table top.

6. Repeat step #4 for the other piece of paper.

7. Tape the second straw down closely beside the other, so the end of the paper is opposite the first (see diagram).

8. Use a marker to draw down the small crack between the pieces of paper. Make sure the line is on both pieces of paper.

9. Remove the piece of tape holding the straw and paper together. If possible, leave it attached to the paper.

10. Pull both pieces of paper out from the center, the same amount for each. 

11. Use a marker of a different color to draw down the small crack between the pieces of paper.

12. Repeat steps 9-11 until you have pulled the papers completely apart from each other. Vary the amount that you pull the papers apart. 
Sometimes, pull them out just a little bit, and other times pull them apart quite a bit.

13. When you have drawn lines on and completely pulled both pieces of paper out all the way, pull them off the straws. Pull the straws off 
your desk and discard or set aside.

14. Fold both pieces of paper over at the last line you drew.

15. Tape the pieces of paper together on the back side, keeping the folded edges together like a 
seam between two pieces of fabric being sewn.

16. Turn the paper over, and fill in the spaces with the appropriate colored marker so the paper 
is completely colored in. You will have blocks of color that follow the same order from center 
to outer edges. 

17. Answer the questions about your “ocean floor map.”

 �2 Large smoothie-sized straws
 �White paper
 �Scissors

 �Tape
 �Markers of several different colors

FORMATION AND ExPlORATION ACTIVITY
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 Conclusions
1. Each sheet of paper represents an ocean plate. The space between them represents the boundary between the two plates. The green 

land masses represent two continents that are separated by the ocean. In this activity, the ocean plates are moving away from each 
other and each color block represents the same amount of time, regardless of how wide or narrow they are. Which type of zone 
(convergent, divergent, or transform) does this model? How do you know?

2. What color on your paper represents the oldest rocks?

3. What color on your paper represents the newest rocks?

4. What color on your paper shows a time of the most movement of the plates?

5. What color on your paper shows a time of the least movement of the plates?

The image to the right from NOAA, made by 
compiling data produced by bathymetry of 
the ocean floor, shows the contours and the 
depth of the ocean. The lighter shades indicate 
shallower water, while the darkest shades 
indicate the deepest water.

Note that the middle of the northern Atlantic 
Ocean is relatively shallow as compared to the 
rest of the ocean. This is the boundary between 
the two plates which make up the northern 
Atlantic Ocean floor.

The image below is a combination of two NOAA 
maps and shows the age of rocks on the floor of 
the northern Atlantic Ocean.

Each line marks a fixed amount of time passing. The numbers show the age of the rocks in millions of years. Scientists used radioisotope 
dating to determine the ages of the rocks. Younger rocks will have a higher concentration of radioactive isotopes in them, and older rocks 
will have less radioactive elements because they have had more time to decay. Therefore, the proportion of radioactive elements will be 
higher in younger rocks. Because of the nature of radioisotope dating, the age of younger rocks is more certain than the older rocks.

Using what you have learned about the spreading of the sea 
floor, and the age of the rocks, use the topographical map 
above to answer the following questions:

6. Where would you expect to find the oldest rocks: 
along the ridge in the middle where it’s shallower; 
or at the more deep parts of the ocean?

7. Would you expect to find oil and natural gas 
deposits beneath older or younger rocks?

8. If you were employed to search for petroleum 
and natural gas in the ocean, what is one place 
in the Northern Atlantic Ocean where you would 
start looking? Explain your answer in at least two 
sentences.

Staple your colored paper model to this assignment or in 
your science notebook for reference.
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Exploring Sound Waves

?  Question
How do sound waves travel?

 Hypothesis
Draft a hypothesis to answer the question using an “If...then...because...” format.

 Materials
 �Metal slinky spring
 �Large foam cup
 �Small foam cup

 Procedure

Longitudinal Waves 
1. Place the slinky on the floor so the coils are all together facing up. Place the large foam cup inside of the slinky coils and press in gently. 

2. Lift the cup straight up. The end coils should come up around the center of the cup. 

3. Place your hand around a few coils in the cup’s middle to hold the slinky in place. 

4. Bounce your hand up and down to create longitudinal waves and observe the sound vibrations echoing from the cup. 

5. Repeat your hand motions at different heights—low and high—to hear the different sound vibrations and see the longitudinal waves 
produced. 

6. Remove the large cup and repeat the investigation with the small cup. 

 Conclusions
1. Was there a difference in longitudinal waves produced from the trials at different heights? Describe. 

2. What was the difference in the two sounds you heard from the two different cups? 

3. Explain how seismic technology might use sound to locate specific geologic formations underground. 

ExPlORATION ACTIVITY
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Exploring Core Sampling

?  Question
Are all core samples the same?

 Hypothesis
Draft a hypothesis to answer the question using an “If...then...because...” format.

 Materials
 �1 Bag of dark sand 
 �1 Bag of light sand 
 �1 Bag of soil 
 �1 Bag of small gravel 
 �1 Clear plastic straw per student 
 �1 Opaque plastic cup per student (8 ounce) 
 �Water in a spray bottle 
 �Plastic spoons 
 �Ruler

Note: When layering Earth materials in cups, you can arrange the layers in any order.

 Procedure
1. Using the ruler to measure, place a 1 cm layer of one of the Earth materials in the cup with a spoon. Mist with the spray bottle of water 

until damp, but not soaking. 

2. Place another Earth material 1 cm deep on top of the first layer. Mist with water until damp. 

3. Continue alternating layers of Earth materials and water. The total height of the layers stacked in the cup will be 4 cm deep. 

4. Trade cups with someone so you are not pulling a core sample from your own cup.

5. Use a straw to extract a core sample by pushing the straw straight down through the layers in the cup. 

6. Place your finger tightly over the top end of the straw and withdraw it from the cup. Observe the layers in the straw core sample. 

7. Lay several core samples from different cups side by side. Compare results. 

 Conclusions
1. What are core samples?

2. Did you encounter any challenges when pulling up your core sample? If so, what was the challenge? How does this relate to real world 
drilling?

3. What are petroleum geologists looking for when they examine core samples?

ExPlORATION ACTIVITY
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Exploring Porosity

?  Questions
Which size gravel will have the greatest porosity? Why is this?

 Hypothesis
Draft a hypothesis to answer the questions using an “If...then...because...” format.

 Materials
 �350 cm3 Large gravel
 �350 cm3 Small gravel
 �350 cm3 Medium gravel 
 �Water (can be dyed with food coloring) 
 �3 600 mL Beakers
 �100 mL Graduated cylinder 

 Procedure
1. Fill one beaker to the 350 cm3 mark with the large gravel. Fill the second beaker with 350 cm3 of medium gravel. Lastly, fill the third 

beaker with 350 cm3 of small gravel (Remember, one cm3 is equal to one mL). 

2. Fill the graduated cylinder with 100 mL of water. 

3. Slowly pour water into the first beaker until the water reaches the top of the rocks. Record exactly how much water you poured into the 
beaker. If you need more than 100 mL of water, fill the graduated cylinder again. 

4. Follow Step 3 again for the other two beakers filled with gravel. 

5. Calculate the porosity of the three materials using this formula: 

Porosity =       Volume of Water        x 100
  Volume of Material

TYPE OF MATERIAL 
VOLUME (mL) OF
WATER POURED 

VOLUME (cm3) OF
MATERIAL 

PERCENTAGE OF PORE 
SPACE IN MATERIAL 

Large gravel 

Medium gravel 

Small gravel 

 Conclusions
1. Which size of gravel has the greatest porosity? Explain why. 

2. Explain porosity’s importance in the drilling process of an oil well. 

ExPlORATION AND PRODUCTION ACTIVITY
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Getting the Oil Out

Artificial lifting systems, or pumping units, are used to help pull the oil out of the reservoir rock and pump it up the well. A down hole 
pump in the well is connected to the pumping unit by steel rods, which are screwed together. The pump is activated from the up and down 
movement of the pumping unit on the surface. As the pump plunges down, fluid from the rock formation flows into the pump chamber. 
On the upstroke, the fluid in the chamber is forced up the tubing, to the surface.

?  Question
Will it be easier to bring up liquid with a long tubing system, or a short tubing system?

 Hypothesis
Draft a hypothesis to answer the question using an “If...then...because...” format.

 Materials FOR EACh STUDENT OR PAIR

 �8-10 Drinking straws 
 �Masking tape 
 �Scissors
 �Ruler 
 �Carton of chocolate milk or dark-colored beverage (so it can be seen through the straw) 

 Procedure
1. Using the scissors, cut a 1 cm slit at one end of each straw. 

2. Join the straws end to end to form one long tube. Place the slit end of the straw into the inside of the adjoining straw. 

3. Place masking tape over each connected end to secure the joint and create an air tight seal. 

4. Place the carton of chocolate milk (or other beverage) on the floor. One member of the group stands on a chair and inserts the extended 
straw “tubing” into the beverage trying to bring the liquid to the top of the “tubing” using his/her suction. 

5. Now, decrease the number of straws used for the “tubing” by cutting off one straw. The same student tries to bring the liquid to the top. 

6. Continue cutting off one straw at a time. After each cut try to bring the liquid to the top of the tubing. 

 Conclusions
1. Which length of straw required 

the most effort to bring the liquid 
to the top? Which length of straw 
required the least effort to bring 
the liquid to the top? Explain 
why. 

 Extensions
 �Try to pull up liquids of different 
viscosities and densities.

 �Try using straws of different 
diameters to make your tubing.

 �Study the diagram of the artificial lift 
system. Use the diagram to estimate 
how the system works to retrieve 
oil. Record your thinking in your 
science notebook. Using the Oil and 
Natural Gas book or internet sources, 
perform research to see how a 
horsehead pump actually works.

SAMSON POST

WALKING BEAM

PITMAN

COUNTERWEIGHT

HORSEHEAD

WIRELINE HANGER

Activity courtesy of SPE

PRODUCTION ACTIVITY
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?  Question
How do you think adding holes to a well casing will influence the amount of petroleum or natural gas that a well can produce? 

 Hypothesis
Draft a hypothesis to answer the question using an “If...then...because...” format.

 Materials
 �2 Kitchen sponges, the same size and shape
 �Flexible straws 
 �Push pin
 �Shallow tray (for sponges)
 �Shallow tray (for collection from straw)
 �Plastic wrap
 �1-3 Heavy books or weights
 �10 mL Graduated cylinder
 �Cup of water

 Procedure
1. Place one sponge in a shallow tray.

2. Lay a straw on the sponge so the elbow is beyond the edge of 
the sponge. If necessary, trim the straw so the end of it is inside 
the end of the sponge by at least 3 cm (see diagram).

3. Lay the other sponge on top of the straw/sponge combination 
so the edges align with the first sponge. Wrap both sponges in 
plastic wrap to reduce water leaking out from the bottom.

4. Pour water on the sponges so they are saturated but almost no water is leaking out.

5. Put the other shallow dish beneath the straw protruding from the sponges.

6. Gently lay a heavy book on top of the sponges and observe the amount of water that comes from the straw.

7. Add another book to the first, and continue until no water comes from the straw. Try using your arms to provide more mass, if needed.

8. Record observations. Measure the amount of water in the collecting dish by pouring it into the graduated cylinder.

9. Disassemble the stack of books, sponges and straw. 

10. Using a push pin, poke several holes about 3-5 mm apart on both sides of the straw. (If straws are striped, use the stripes as a guide).

11. Replace the straw in the stack of sponges and rewet the sponges as before.

12. Repeat steps 5-8.

13. Record observations.

Perforated Well Casing
PRODUCTION ACTIVITY
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 Data

Condition of Straw Amount of Water Collected
Solid (no holes)

Perforated (with holes)

 Observations

 Conclusions
1. How did perforating (poking holes in) the straw change the amount of water you collected?

2. Using your observations, explain how perforating the well casing would be beneficial in a drilling scenario.
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PRODUCTION ACTIVITY

Visualizing Hydraulic Fracturing

?  Question
How does hydraulic fracturing create channels in shale for gas and oil to be removed?

 Hypothesis
Draft a hypothesis to answer the question using an “If...then...because...” format.

 Materials
 �140 mL Syringe
 �Extra-large straw (milkshake-sized straws work well – 20 cm long, 1 cm diameter)
 �Fracking box
 �Packing tape
 �Plastic wrap
 �Paper towels
 �Hydrated gel beads
 �125 mL Breakfast syrup 
 �Push pin or tack
 �Ruler
 �Water
 �Cup

 Procedure
1. Place a layer of paper towels under the fracking box.

2. Fill the fracking box with hydrated gel beads so that the beads fit together snugly and the lid of the box slides closed easily. Observe 
the layout of the beads and draw a picture of your observations in “Box 1” on the following page.

3. Line up the straw on top of the ruler. Starting about 4 cm from one end of the straw, poke a total of 4 holes into the straw; each hole 
should be 2 cm apart from the next. Repeat on the opposite side of the straw if your push pin does not go the whole way through. 

4. Pinch the end of the straw (closest to the holes) “hot-dog-style” and tape the straw closed. This will act as a plug to seal the end of the 
well casing. (Note: the sealed end of the straw must still fit into the bore hole of the box. If not, the ends of the straw may need to be 
folded in prior to taping, see diagram below.)

5. Pour the syrup into the cup.

6. Starting with the plunger fully inserted into the syringe, begin to draw syrup up into the syringe, being careful to avoid air bubbles if 
possible. As the syrup is a viscous liquid, it will require some effort to fill the syringe. Ask your lab partner to hold the cup of syrup to 
avoid spills. Fill the syringe with 100 mL of syrup.

7. Remove the syringe from the cup. Quickly invert the filled syringe so that syrup does not escape through the opening. Be careful not 
to push on the plunger, as syrup will spurt out.

8. Fit the open end of the straw around the opening of the syringe. Seal with packing tape. 

9. Insert the straw into the fracking box through the bore hole. Align the holes on the straw so that they aim out towards the wooden 
sides of the box, not up and down.

10. With firm pressure, quickly and forcefully inject the syrup into the box. Observe the movement of the beads and syrup as pressure is 
added and time elapses. Draw a picture of your observations in “Box 2” on the following page. It may be helpful to have your partner 
video this step so you can watch it again for careful observations. Cell phone cameras work well, if allowable. 

11. After all of the syrup has been injected, remove the straw. Observe the beads and fluid again. Draw a picture of your observations in 
“Box 3” on the following page. 

12. Clean up your work area and ask your teacher how to dispose of the gel water beads. Gel water beads can be reused if rinsed and 
dehydrated. It is recommended that the box be wiped out with warm, soapy water. 
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 Observations

Box 1 Box 2 Box 3
Before Injection During Injection After Injection

 Conclusions
1. Describe the movement of the fluid, and why it moved the way it did.

2. Did you notice any movement in the beads? If so, describe and explain why this might have occurred.

3. Explain how this activity models concepts of hydraulic fracturing. 

4. No model is perfect—all models have limitations. Describe the limitations of this model.

 Extensions
1. Add solid layers or obstacles to your box and observe how the fluid travels with the obstacles in place. What could these obstacles 

represent?

2. Try using different mediums or fracking fluids in your model.
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Notes About Constructing a Fracking Box
A fracking box is best used for demonstration purposes, due to construction and cost. A single box can be constructed for fewer than 
fifty dollars, and can be used many times. All supplies can be obtained from a local hardware or big-box store. Many of these stores may 
also be able to assist with cutting supplies to the appropriate size for a nominal fee, or even for free. The construction of the box and the 
design of the box might also make a great project that could involve students in a technology class or STEM classroom for cross-curricular 
connections. 

*It is encouraged that you find alternative objects to use that may also show the concept without constructing one on your own. Creativity and 
recycled materials may prove to be better for demonstration.

 Materials
 �2 2” x 36” x 3/8” Pine
 �1 36” x 1” x 1” Square dowel
 �1 2’ x 2’ x ¼” Plywood
 �1 2” x 48” x 1” Pine
 �1 18” x 24” x 1/8” Plexiglass
 �Waterproof wood glue
 �Tiny nails
 �2” Finishing nails
 �Tiny drill bit
 �12” x 6” Fiberglass window screening
 �Clear silicone adhesive
 �Staple gun
 �Paint or sealant
 �½” Drill bit
 �1” Drill bit (option–step 10)

 Cut List
 �Cut the plexiglass down to 12 x 15”
 �2 Box sides from 3/8 pine, 15” long
 �2 Plexi guides, from 3/8 pine, 15” long
 �4 Corners, from 1”x 1” square dowel, 1 1/8” long
 �2 Guides, from 1” x 1” square dowel, 12” long
 �2 Supports, from 1” x 1” square dowel, 2” long
 �2 Box ends, from 1” pine, 13” long
 �1 Box bottom, from ¼” plywood, 15 ¾ x 13”

 Assembly
1. Attach the corners to the ends of the box sides with tiny nails and wood glue. The corners need to be flush with the ends and bottom 

edge of box sides.

2. Attach plexiglass guides to the top of the box sides with tiny nails and wood glue, so that the long edges are even (make an “L”). There 
should be a space between the plexiglass guide and the corner piece for the plexiglass to fit into.

3. Attach 1 box end to the box sides by first drilling pilot holes, then applying glue and finishing nails to corners. The side edge should 
be flush with the top of the plexiglass guides, such that it creates a “stop” for the plexiglass.

4. Attach the other box end to the box sides as in step 3. This time the edge should be flush with the top of the corners. The plexiglass 
should be able to slide into the box between the guides so it fits into place and stops at the other edge.

5. Attach the long guides (from the square dowel) to the box sides such that they are even with tops of corner pieces. This keeps the 
plexiglass from sagging in the middle of the box.

Fracking Box Assembly Instructions
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6. Drill a ½” hole into the center of the box end that will sit below the plexiglass.

7. Attach square dowel supports to the bottom of the box end with the hole in it. This provides an attachment point for the box bottom.

8. Attach two pieces of scrap pine to the box end without the hole. Otherwise, the edge won’t meet the box bottom. It makes a nice place 
for the water to drain out of the box.

9. Attach the box bottom to the box sides and “tall” box end. Also, attach it to the supports of the “short” box end with the hole in it. Use 
glue and tiny nails. Pilot holes may need to be drilled.

10. Drill a 1” hole into the end of the plexiglass to act as a handle. Alternatively, a piece of wood could be attached to the end of the 
plexiglass if the hole is problematic. It provides a place to grip the plexiglass.

11. Put the window screening inside the box and staple it to the box end over the open edge. The screen will keep the beads from falling 
out of the box.

12. Paint or seal the box to prevent leakage and stains.

 Alternative Construction Suggestions
1. The box can be constructed with ends and sides all the same thickness, stuck together.

2. Instead of corners, the square dowel could extend the entire length of the box sides, and provide an extra attachment for the ends, as 
well as a continuous support for the plexiglass when it slides across the box.

3. The craft wood that goes over the plexiglass along the sides is good to have, but if the box is created following suggestion number 1, a 
stopper for the plexiglass might be necessary. Otherwise, the plexiglass could slide the whole way through.

4. If money or supplies allow, the entire box could be constructed using plexiglass.
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?  Question
How does a liquid behave when injected into a solid under pressure?

 Hypothesis
Draft a hypothesis to answer the question using an “If...then...because...” format.

 Materials
 �20 cc Syringe
 �Breakfast syrup
 �Plastic knife
 �Dinner plate or large disposable plate
 �Flexible straws
 �Large (1 quart) measuring cup
 �Loaf pan (9 x 5)
 �Non-stick cooking spray
 �Plastic wrap
 �Push pin or large sewing needle
 �Spatula
 �Unflavored gelatin
 �Wire whisk

 Procedure
1. Your teacher will provide you with a block of gelatin on a plate.

2. Insert a straw into the side of the gelatin block, parallel to the plate, about 2/3 of the way into the gelatin.

3. Bore out the hole with the straw so a hole is left in the gelatin.

4. Poke about 10 holes in another straw, near the end away from the elbow, in two lines on opposite sides of the straw.  The holes 
should be about 5 mm apart, and about 10 mm in from the end of the straw.

5. Cover the end of the perforated straw with a small piece of plastic wrap.

6. Attach the other end of the perforated straw, nearest the elbow, to the syringe with another piece of plastic wrap.  Wind it around the 
straw and syringe several times to give a good seal.

7. Pull the plunger out of the syringe.

8. Fill the syringe with breakfast syrup, allowing it to run into the straw.  Keep filling the syringe as the level goes down until the entire 
straw-syringe assembly is full of syrup.

9. Quickly replace the plunger into the syringe.  This will keep the syrup from running freely out of the straw, but it still might drip a bit.

10. Insert the perforated straw, filled with syrup and with syringe attached, into the bored hole in the gelatin block.

11. Using very firm pressure, quickly inject the syrup into the gelatin block and observe the fracturing pattern of the gelatin.

12. Pull the straw back out of the gelatin block.  

Fracking With Jello
PRODUCTION ACTIVITY
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 Observations
Draw a picture of what you observe happening to the jello and the syrup.

Conclusions
1. What happened with the syrup and jello in this system? Why did they behave this way?

2. How does the syrup simulate a fracking fluid in the process of hydraulic fracturing?
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?  Question
How does fracking fluid behave when entering a porous solid?

 Hypothesis
Draft a hypothesis to answer the question using an “If...then...because...” format.

 Materials
 �Frozen layer cake
 �Turkey injector
 �Chocolate Magic Shell sundae topping
 �Cup or beaker (optional)
 �Plastic knife

 Procedure
1. Assemble the turkey injector syringe and needle.

2. Shake or swirl the Magic Shell topping thoroughly in your container to prevent hardening.

3. Pour the Magic Shell into the syringe of the injector. (Magic Shell can also be drawn up into the syringe if using a beaker or cup. It is 
recommended that the injector is held over a cup or beaker anyway, to reduce mess, as the shell may slowly pour out of the bottom 
perforation of the injector needle.)

4. Insert injector horizontally into the cake. Aim to insert the injector into the middle or lower layer of the cake. 

5. Quickly and firmly inject the fluid into the cake. (Steps 4-6 should occur quickly to avoid hardening of the Magic Shell. If the fluid 
hardens, stir or shake, and begin again.) 

6. Repeat on other portions of the cake, if necessary.

7. Cut through your cake. Slice so that the knife travels vertically through your injection site creating a cross-section. 

8. Observe how the fluid behaved in the porous cake. Draw a picture and describe your observations.

 Observations

Fracking a Cake 
PRODUCTION ACTIVITY
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Conclusions
1. What happened to the Magic Shell when it was injected into the cake? 

2. What would happen to the Magic Shell if the cake was more or less porous? 

3. Did the Magic Shell travel through the icing that separated the layers? Why do you think it behaved this way?

4. What might the icing represent when fracking for oil and natural gas? Explain. 
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Understanding Density
?  Question

Do all liquids have the same densities? 

 Hypothesis
Draft a hypothesis to answer the question using an “If...then...because...” format.

 Materials

 Procedure
1. Pour 100 mL each of corn syrup, vegetable oil, and water into the beaker.

2. Let the liquids settle for a few minutes. Observe what happens.

3. One at a time, gently drop each object into the container. 

4. Observe where the objects settle.

 Conclusions
1. What did you learn about the densities of liquids?

2. What did you learn about the densities of objects?

 Extension

ELEMENT DENSITY AT 20˚C

Hydrogen 0.00008 g/cm3

Carbon 2.25 g/cm3

Oxygen .00131 g/cm3

Sodium 0.97 g/cm3

Chlorine .00295 g/cm3

Calcium 1.54 g/cm3

Zinc 7.14 g/cm3

Bromine 3.12 g/cm3

Gold 19.32 g/cm3

Density is defined as mass per unit volume (D = m/v). The density of water is the standard at 1.00 g/cm3. Discuss the densities of the 
elements in the chart above. Use the formula for density to calculate the following densities:

 �1000 cm3 of oil with a mass of 881 g: _______

 �100 cm3 of aluminum with a mass of 270 g: ________

 �10 cm3 of copper with a mass of 89.3 g: ______

 �200 cm3 of nickel with a mass of 1780 g: ______

 �100 mL Graduated cylinder
 �600 mL Beaker
 �Corn syrup
 �Water, dyed with food coloring
 �Vegetable oil
 �Plastic button

 �Grape
 �Small cork
 �Penny
 �Glass marble
 �Wooden bead
 �Ice cube

PRODUCTION ACTIVITY
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Using Density to Extract Petroleum

?  Question
How can water and gas be used to enhance oil well production?

 Hypothesis
Draft a hypothesis to answer the question using an “If...then...because...” format.

 Materials  FOR EACh GROUP

 �500 mL clear Erlenmeyer flask
 �Two-hole #7 rubber stopper
 �250 mL Clear beaker
 �30 cm Sections of vinyl tubing to fit rubber stopper
 �150 mL Vegetable oil
 �350 mL Water
 �Red oil-soluble dye 
 �60 cc Plastic syringe
 �Petroleum jelly

 Procedure
1. Pour 350 ml of oil into a flask.

2. Mix red food coloring with 150 mL of water. This will show how oil is less dense and floats. Pour the water into the flask.

3. Insert stopper, and with your fingers covering the holes, shake vigorously.

4. Allow this to settle. Observe what happens to the oil and water.

5. Insert both tubes into stopper. (Note: use the petroleum jelly as a lubricant to easily slide the tube into the stopper.) One piece of tubing 
should reach into the oil layer. Place the opposite end of this tubing into the beaker. The other piece of tubing should reach into the 
water layer. This tubing’s opposite end should remain free.

6. Fill the syringe with water. Using the syringe, slowly discharge the water into the tubing that reaches into the water layer. Expect a short 
delay, allow for travel time of liquid.

7. Repeat steps 1-5, but instead of the tubing being inserted into the water layer, have it extend into the top of the flask where the air is. 
Keep the extraction tubing in the oil layer.

8. Pull some air into the syringe, then discharge the air into the tubing into the air layer of the flask.

9. As a group, discuss what you observed. Compare and contrast the first activity with the second activity.

 Conclusions
1. How can you relate each part of the experimental setup to the process of getting petroleum out of the ground?

2. How could density be used as a way to force oil out of a well with slowed production?

PRODUCTION ACTIVITY
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Polymers

During fractional distillation crude oil is separated into useful parts. A petrochemical is a product of the fractional distillation process. 
Usually consisting of long chains, a monomer is a link in the chain. All of the monomer links connected together make a polymer chain.

Chemically bonded monomers form polymers in a process called polymerization. Polymers created from petrochemicals are synthetic or 
man-made polymers. We use many of these polymers, such as plastics, everyday.

?  Question
How do polymers behave?

 Hypothesis
Draft a hypothesis to answer the question using an “If...then...because...” format.

Polymer One
 Materials

 �Cornstarch
 �Water
 �Sealable plastic sandwich bags
 �Measuring spoons
 �Food coloring
 �Paper plates

 Procedure
1. Put 6 tablespoons of cornstarch in a plastic bag.

2. Add 5 drops of food coloring.

3. Add 4 tablespoons of water.

4. Close the bag and mix together by kneading.

5. If the polymer seems too runny (you cannot pick it up), add a spoonful of cornstarch to thicken. If the polymer seems too thick or 
crumbly (dry), add a spoonful of water to make it thinner.

6. Open the bag and pour the polymer onto the plate.

7. Use your finger to gently poke the polymer. What happens?

8. Now quickly poke the polymer. What happens?

9. Pick the polymer up. What happens?

10. Roll the polymer in a ball. What happens?

 Conclusion
1. Is this polymer a liquid or a solid? Explain your answer.

PROCESSING ACTIVITY
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?  Question
How do polymers behave?

 Hypothesis
Draft a hypothesis to answer the question using an “If...then...because...” format.

Polymer Two
 Materials

 �White glue
 �Borax 
 �Water
 �Spoon or popsicle stick to stir
 �Small plastic cups
 �Food coloring
 �Graduated cylinder
 �Ruler
 �Sealable plastic sandwich bags

 Preparation
 �Make a borax solution: about 6 mL of borax to 235 mL of water.

 Procedure
1. Use the ruler to measure and mark 1 cm from the bottom of the small plastic cup.

2. Add white glue to the 1 cm mark.

3. Add a few drops of food coloring and mix.

4. Measure 7 mL of water in the graduated cylinder and add to the glue. Mix well and pour into a plastic bag.

5. Measure 8 mL of the borax solution using the graduated cylinder and add to the glue solution in the plastic bag. Mix well by kneading.

6. If it is too sticky, add borax solution one drop at a time. If it is to stringy, add glue one drop at a time.

7. Once the polymer is formed, you may remove it from the cup and knead it.

8. Pull your polymer apart, string it out, twist it, and roll it into a ball.

9. Write your observations about your polymer.

 Conclusions
1. What happened when you combined the glue solution and the borax solution?

2. Explain how this is a polymer.

Polymers
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MASTER
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Peak Oil Game

?  Question
What happens to production as the amount of oil in the ground decreases?

 Hypothesis
Draft a hypothesis to answer the question using an “If...then...because...” format.

 Materials
 �Team notebook
 �Jars of beans (“oil field”)
 �Three containers (such as tubs or paper bags)
 �Small spoons
 �Digital balance

 Procedure
1. Form teams of 3-5 students on each team.

2. One person will be the driller, and one person will be the processor.

3. You will receive a set of jars which represent your oil field, one very small spoon, and three containers. One container is for processing 
oil, one is for processed oil, and the third is for accumulated oil.

4. Each jar contains a mixture of black beans (oil), garbanzo beans (dirt and other contaminates), and rocks.

5. You may mine the oil from any jar in any order. However, you may not pick up the jars, lean them over, use your fingers to extract beans, 
or pull out the rocks. You may only use your spoons to scoop beans out of the jars.

6. Your teacher will set the timer for 30 seconds (one “year”) and tell you to begin.

7. During each timed period of 30 seconds, your goal is to get as much clean oil into the team’s processed oil container as possible. You 
will be penalized for contaminated oil and for oil spilled outside of the containers.

8. One container can be used as an intermediate processing plant in which you may remove garbanzo beans.

9. The processing and drilling must take place at the same time, and stop after the timer goes off. All activity stops immediately, and 
scoring occurs.

10. For each garbanzo bean (dirt) in the processed oil container, two black beans are removed. Also remove the garbanzo beans.

11. For each black bean spilled outside the containers, two black beans are removed from the processed oil container.

12. All spilled and unprocessed oil must be discarded into the communal waste container for the classroom.

13. Measure that year’s production by weighing the beans that remain in the processed oil container after penalties. Record the production 
in the team’s notebook.

14. Add the current year’s harvest to the team’s accumulated oil storage container. You will use this stored oil to purchase tools and 
employees.

15. You may purchase better tools and hire more staff in between 30-second rounds. Your teacher will tell you how much each item costs. 
Be careful! The price of tools and staff will likely rise as the game continues.

 Conclusions
1. Use a computer or graph paper to graph your team’s yearly production. How does your graph compare to the real oil production 

graphs for the U.S. and world oil production? (http://tonto.eia.doe.gov/dnav/pet/hist/mcrfpus2a.htm)

2. Did the oil in your oil field really run out?

3. Estimate the percent of the original oil left in your oil field.

4. How is this model similar to the real world?

5. How is this model different from the real world?

PROCESSING AND PRODUCTION ACTIVITY
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Road Trip

The Challenge
Energy is required to transport you from place to place. In the United States, the transportation sector consumes 28 percent of total energy 
supply and is responsible for about 34 percent of the greenhouse gases emitted each year. 

Plan a four day road trip vacation. Where would you go? What stops would you make along the way?

1. Select a vehicle make and model for your trip, then find its fuel economy ratings at www.fueleconomy.gov. Fill in the information below. 

Vehicle Make and Model: __________________________________________________________

Fuel Type: _______________________  Fuel Economy (MPG): ______________________

2. In the chart’s left hand column, plan out each segment of your trip. Use the data and formulas provided below to calculate how many 
gallons of fuel will be required, and the amount of CO2 emissions produced.

The EPA uses the following CO2 emission values. Circle the value you will use in your calculations.
Gasoline CO2 Emissions = 19.4 pounds/gallon 

Diesel CO2 Emissions = 22.2 pounds/gallon
Miles Driven/MPG = Total Gallons Consumed

Total Gallons Consumed x CO2 Emissions lbs/gal = Total CO2 Emissions (lbs)

TO FROM MILES GALLONS CONSUMED TOTAL CO2 EMISSIONS

Answer the Following Questions
1. Why did you choose the vehicle you chose?

2. What is the total amount of CO2 emissions associated with your trip? 

3. What is the price of fuel in your area? How much will fuel cost for the entire trip? 

4. Are there ways you can reduce your fuel consumption on this trip? Explain.

5. Are there some portions of your trip where you can use public transportation? Why or why not?

6. How would using public transportation compare to driving your own personal vehicle?

7. A 2010 Volkswagen Jetta using diesel fuel gets 34 mpg. A 2010 Volkswagen Jetta using premium gasoline gets 27 mpg. Which car would 
be better to take on your road trip? Use data to explain your reasoning.

8. Can you find a less expensive, less carbon intensive vehicle than your first vehicle choice? Find at least two alternatives and explain how 
they compare to your original vehicle.

Resources: For more information on alternative fuel vehicles, visit the U.S. Department of Energy’s Alternative Fuels and Advanced 
Vehicles Data Center at www.afdc.energy.gov/fuels/.

APPlICATION ACTIVITY
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Additional Activities and Resources

Fossil Fuels to Products
Students learn about exploration, production, refining, chemical manufacturing, transportation, marketing, and uses of petroleum, natural gas, 
and their products in the industrial sector, with background information and hands-on activities.

http://www.need.org/needpdf/Fossil%20Fuels%20to%20Products.pdf

Fractional Distillation Game 
This activity demonstrates the chemical changes crude oil goes through to produce everyday usable products.

http://need.org/needpdf/FractionalDistillationActivity.pdf

Petroleum Ponder
Students will use their observational skills to work as a team to identify petroleum products. 

http://need.org/needpdf/PetroleumPonder.pdf

Pretzel Power
In this activity, from Elementary Transportation Fuels Infobook, students will recognize the energy efficiency of different kinds of transportation 
and the benefits of carpooling.

http://www.need.org/needpdf/Transportation%20Fuels%20Enigma.pdf

Shale Gas
http://need.org/needpdf/careerCurrents1102.pdf

Society of Petroleum Engineers
http://www.spe.org/index.php
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Glossary

alkene hydrocarbon which contains at least one double bond between two carbon atoms

alteration a process that reformulates long hydrocarbon molecule chains so they are branched; branched hydrocarbons 
burn more smoothly than long-chain hydrocarbons

aromatics a group of petrochemicals with a distinctive sweet smell that are characterized by ring structures 

boiling point the temperature at which any substance boils at standard atmospheric pressure 

catalyst substance which speeds up a chemical reaction without itself being consumed by the reaction

catalytic cracking the use of a catalytic agent to break complex hydrocarbon molecules into simpler and lighter molecules. 

CAVE Cave Automatic Virtual Environment - sophisticated technology for visualizing data from seismic systems 

chemical property characteristic of a substance that describes how it will react with another substance, such as flammability, 
oxidizer, etc.

christmas tree a series of valves and gauges that control the flow of a well with natural drive

clathrate ice structure formed at low temperature and high pressure that forms a cage around gas molecules

coke a carbon-rich substance used by heavy industry as a source of thermal energy

coking heating residue from the petroleum distillation process to produce useful products such as coke

combustion chemical reaction where oxygen is a reactant; another name for combustion is burning

compressor machine which applies a force to a gas, decreasing its volume and consequently increasing its pressure

cracking a chemical reaction process that breaks long hydrocarbon chains into shorter chains

crude oil a mixture of hydrocarbons existing in liquid form in natural underground reservoirs; petroleum as it is before the 
refining process

density amount of volume a certain mass occupies; the mass of an object divided by its volume is its density

distillation separation of substances based on their boiling point range

energy the ability to do work or cause a change

feedstock raw material used in processing and manufacturing

fluctuation repeated increases and decreases

fossil fuel energy-rich substance formed over long periods of time and under great pressure from the ancient remains of 
organic matter

fractional distillation separation of volatile compounds with differing boiling points through gradual increase of temperature

fractioning tower equipment in which distillation takes place

geophone an electronic receiver that picks up seismic vibrations

gravimeter device which is able to measure very slight differences in gravitational force, and used to detect less dense rocks 
where oil or natural gas might be located underground

heat of combustion the amount of energy that can be obtained from the combustion of a substance

horse head pump a pump with a crank arm that lifts oil to the surface of a production well

hydrocarbon a chemical compound containing only hydrogen and carbon 

hydrophone microphone designed to be used underwater; converts sound signals into electrical signals 

igneous rock rock formed through volcanic activity

kinetic energy energy of motion, such as moving electrons (electricity) or moving water

magnetometer a device used to measure the strength or direction of a magnetic field

mercaptan an odorant added to natural gas as a safety feature so it can be easily detected

metamorphic rock rock with few pores made from sedimentary or igneous rock under intense pressure

methane the main ingredient in natural gas



©2012     The NEED Project     P.O. Box 10101, Manassas, VA 20108      1.800.875.5029     www.NEED.org 85

methane hydrate crystalline substance consisting of water molecules held in place with hydrogen bonds between them, and 
methane molecules trapped in the crystal lattice

mud in the petroleum industry, a fluid that is a mixture of substances with a specific density used to cool a drill bit and 
remove debris when drilling an oil or gas well

naptha least dense liquids in a mixture of hydrocarbons

natural gas a gaseous mixture of small hydrocarbon compounds, the primary one being methane

nonpolar molecule where all electrons are shared evenly 

non-porous unable to be permeated by water or fluids

nonrenewable 
energy source

an energy source that takes millions of years to form and cannot be replenished quickly

olefin a class of hydrocarbons recovered from petroleum that contain one or more pairs of carbon atoms linked by a 
double bond

peak oil the point in time when the maximum production of petroleum will be reached and supplies begin to decrease

permeability measure of how well a fluid can penetrate a porous substance; the ability of a rock to hold fluids

physical property characteristic of a substance that is independent of any other substance, and can be determined without changing 
the composition of the substance, such as boiling point, melting point, polarity, physical state, solubility, and 
density

polar molecule where all electrons are not shared evenly among atoms

polymer a large organic molecule formed by combining many smaller molecules (monomers) in a regular pattern

pore small hole or opening in a solid

porosity measure of the number or size of pores, or gaps between grains of a rock; objects with a high porosity contain 
many pores

porous filled with holes or pores allowing fluids to permeate

potential energy stored energy, such as gravitational or chemical energy

refinery a facility where petroleum products are separated into usable byproducts 

renewable energy 
source

an energy source that can be replenished in a short period of time

roustabout a worker on a drilling rig

ROVER a Remote Operating Vehicle used to maintain and repair undersea drilling equipment

secondary source of 
energy

source of energy that must be obtained from another source, such as electricity or hydrogen

sedimentary rock rock formed from layers of sand and sediment under pressure

seismic of or relating to Earth’s vibrations

seismic technology equipment that uses reflected sound waves off underground rock to determine the characteristics of rock 
formations

shale plays formations containing significant accumulations of natural gas

subsidy financial assistance paid to an individual, business, or sector of the economy, usually by the government

subterranean existing or situated underground

thermal cracking a process that uses very high temperatures to break apart long hydrocarbon chains

unification chemical reaction which combines small hydrocarbons into one or more larger molecules

viscosity fluid property describing its resistance to flow—water has a thin or low viscosity and syrup is thick with a high 
viscosity

volcanic rocks which originated from the eruption of a volcano
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2013 youth Awards for Energy Achievement

All NEED schools have outstanding classroom-
based programs in which students learn 
about energy.  Does your school have student 
leaders who extend these activities into their 
communities? To recognize outstanding 
achievement and reward student leadership, 
The NEED Project conducts the National Youth 
Awards Program for Energy Achievement.

This program combines academic competition 
with recognition to acknowledge everyone 
involved in NEED during the year—and to 
recognize those who achieve excellence in energy 
education in their schools and communities. 
What’s involved?  Students and teachers set 
goals and objectives, and keep a record of 
their activities. In April, students combine their 
materials into scrapbooks and send them in and 
write summaries of their projects for inclusion 
in the Annual Report. Want more info? Check 
out www.NEED.org/Youth-Awards for more 
application and program information, previous 
winners, and photos of past events.



©2012     The NEED Project     P.O. Box 10101, Manassas, VA 20108      1.800.875.5029     www.NEED.org 87

Exploring Oil and Gas 
Evaluation Form

State: ___________ Grade Level: ___________ Number of Students: __________

1. Did you conduct the entire unit?  Yes  No

2. Were the instructions clear and easy to follow?  Yes  No

3. Did the activities meet your academic objectives?  Yes  No

4. Were the activities age appropriate?  Yes  No

5. Were the allotted times sufficient to conduct the activities?  Yes  No

6. Were the activities easy to use?  Yes  No

7. Was the preparation required acceptable for the activities?  Yes  No

8. Were the students interested and motivated?  Yes  No

9. Was the energy knowledge content age appropriate?  Yes  No

10. Would you teach this unit again?  Yes  No
 Please explain any ‘no’ statement below.

How would you rate the unit overall?  excellent  good  fair  poor

How would your students rate the unit overall?  excellent  good  fair  poor

What would make the unit more useful to you?

Other Comments:

Please fax or mail to: The NEED Project
 P.O. Box 10101
 Manassas, VA 20108
 FAX: 1-800-847-1820
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