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“I have yet to see any problem, however 
complicated, which, when you looked at it 
in the right way, did not become still more 
complicated.” — Poul Anderson

This issue of In the Trenches focuses on the 
complex set of processes for extracting oil and 
natural gas known as slickwater horizontal 

high volume hydraulic fracturing, more commonly 
known as “fracking.” While all the authors recog-
nize that the label “fracking” technically applies to 
just one part of the set of processes, it is the term in 
common parlance, and we have opted to 
maintain consistency and simplify readabil-
ity by adopting this term across the articles. 
We do harbor concerns that this simplifica-
tion may reinforce misconceptions and the 
term evokes bias, so attention to the choice 
of language warrants discussion in your 
teaching. 

While fracking is the organizing 
theme for the issue, the articles tend to give 
as much attention to the broader energy 
system as they do to fracking. Knowledge 
about fracking is important, but if that 
knowledge is not contextualized within 
understandings of the broader energy system, 
that knowledge is only of limited use. Perhaps 
the most important things to understand 
about fracking are not really about fracking 
itself, but rather about the broader energy 
system. To various degrees, all of the articles attend 
to the facts that fracking is characterized by complex-
ity and interdisciplinarity; that all large-scale energy 
development brings substantial negative environ-
mental (and social) impacts; that we need to use the 
infrastructure we have to make the infrastructure we 
need; and that the only environmentally harmless 
energy is the energy we don’t use. 

The controversy surrounding fracking makes it 
a topic of great interest (and great challenges). It also 
makes fracking an excellent topic to engage students in 
the study of the broader energy system and of complex 

systems more generally. Controversial issues are 
routinely interdisciplinary in nature and the contro-
versial nature of fracking invites connecting ideas from 
a wide range of disciplines. Each article gives this due 
attention. Borrowing the term from MIT’s Media Lab, 
I have recently started to use “antidisciplinary,” which 
more directly confronts problems inherent in disci-
plinary structures (Ito, 2014). While antidisciplinar-
ity isn’t directly discussed beyond this introduction, 
I invite readers to keep it in mind as they read each 
article and as you approach teaching about fracking in 
your own classroom. 

Note, too, that some articles have online 
supplements. In addition to the materials directly 
linked to articles, a small collection of syllabi for 
courses on fracking is available in the supplemental 
materials. If you would like to add to that collection, 
send me your syllabus or links to course web pages at 
dad55@cornell.edu. — Don Duggan-Haas
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Teaching about Fracking and the Broader Energy System

Fine-grained silica sand is mixed with chemicals and water before being pumped into 
rock formations to prevent the newly created artificial fractures from closing after 
hydraulic fracturing is completed. [Photo by Bill Cunningham, USGS, public domain]

Teachers examine waste systems during a well pad field trip 
in Elmira, New York.  (Photo by Don Duggan-Haas)
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Some teachers avoid controversial topics, 
while others embrace them as “teachable 
moments.” Perennial “controversies” include 

biological evolution and biogenesis, and local news 
media regularly provide reports of local interest. 
The audience often operates under the assumption 
that the news media exists to inform the public. The 
purpose of the media, however, is to sell the media, 
and controversies sell well. William Randolph Hearst 
told Frederic Remington, sent to Cuba in 1897 to 
document the potential for war there, “You furnish 
the pictures. I’ll furnish the war.” 

Teachers desire to represent the nature of 
science (NOS) in instruction, including argumenta-
tion, discussion of evidence, and evaluation of claims. 
Debates over controversies are a tempting education-
al approach, but the general concept of “debate,” in 
the sense of formalized exchanges, is not a proxy for 
scientific argumentation. Such debates may reinforce 

ERIC PYLE (pyleej@jmu.edu) is a professor of geoscience education 
at James Madison University, Harrisonburg, Virginia.

misconceptions about controversial issues, inject-
ing personal feelings or selection bias. Consequently, 
students may deepen convictions rather than under-
standings. When media outlets present scientific 
controversies with clear-cut “sides” to the discussion 
despite scientific consensus, these “alternatives” are 
assigned unwarranted credibility by students.

Bell (2004) suggests that the concept of 
“debate” as a “we-they” argument be replaced by 
a collaborative style of argumentation reflective of 
NOS. Students then examine the types of evidence 
presented, their validity, and reliability and deter-
mine the credibility of sources of information. As 
most media stories conform to a 5W+H format 
(what/where/who/when/why and how) the raw 
material for research is easily extracted (Jarman 

Using News Reports as a Source for 
Controversy-Based Pedagogy

and McClune, 2005). A considerable portion of the 
information resides within the first two or three 
sentences, facilitating the initial evaluation of 
suitability to the argument development.

Jarman and McClune (2005) distinguish 
between “issue” stories and “research” stories. Issue 
stories are those presenting a topic of discussion, 
bringing in the voices of experts and non-experts 
alike, focused on a situation impacting on one group 
or another. A news story might focus on the impact of 
sinkholes on property owners, bringing in economic 
impacts of property loss or damage. The same article 
might include descriptions of sinkhole formation 
from USGS experts. In the context of an article on an 
issue, students should ask: 

(a)  Does the author of the story have 
expertise related to the issue? 

(b)  What are the local/regional implications 
of the issue? 

(c)  Does the story viewpoint represent the 
scientific consensus or a minority view? 

(d)  Does the writer/platform have a known 
position on the issue? 

(e)  Is the reader encouraged to develop his 
or her own opinion? and 

(f)  Are the arguments supported by 
evidence?

  (from Jarman and McClune, 2004)

Research stories present results of scien-
tific studies in a publicly accessible manner. Media 
reports can create controversy in reports of findings, 
comparing statements made by primary researchers 
with others in the field, contrasting or supporting the 
findings. The pursuit of “balance” can create a false 
impression that there are “camps” on an issue that 
are in direct opposition. For example, disagreements 
within the scientific community over the age of a 
particular rock unit may be differences over method-
ology, rather than disagreements over the rock’s 
approximate age. When evaluating research stories, 
students should: 

(a)  identify how the research was conducted, 
(b)  define who completed the research, 

where, and supported by what sources 
of funding, 

An activist leads a chant during an anti-fracking demonstration in Manhattan. [Photo by Adam Welz under CC BY 2.0 licensing]

A “credibility spectrum” assigns an appropriate credibility level for each source of information. This one, discussed on page 4, 
was applied to a local controversy, whether or not the county should grant permission for an outside company to drill a hydraulic 
fracturing test well. [Image provided by Eric Pyle]
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(c)  describe the basis upon which the 
conclusions were based, 

(d)  isolate references to other studies or 
scientists, 

(e)  define the implications of the research, and 
(f)  describe the context of the story in 

terms of the interests of its author or 
media platform. 

 (from Jarman and McClune, 2005).

Within the context of these two report types, 
fine-grained analyses are needed for collaboration 
(Bell, 2004) and for consensus-building (Kolstoe, 
2010) in order to emulate the process of scientific 
knowledge construction. This analysis involves 
determining the credibility of information spectrum 
from “high” to “low.” The purpose is not to discredit 
any particular information source, but to have 
students assign an appropriate credibility level for 
each source. Craven (2009) developed a “credibility 
spectrum” for discussing the climate change contro-
versy. Using this framework, information sources 
can be evaluated along an axis ranging from being 
“strongly for” to “strongly against” a position on 
an issue. The vertical dimension of this spectrum, 
provides a weighting value to evaluate the sources of 
information. Craven (2009) suggests the following 
rank-order (from most to least credible):

Statements by professional societies or 
membership organizations reversing 
prior position statements;

Statements by professional societies or 
membership organizations taking a 
particular position on an issue;

Reports by government agencies;
University research programs;
Think-tanks and advocacy organizations;
Individual researchers/professional scientists;
Petitions and issue advocates;
Individuals seeking to profit from a position 

on an issue;
Individual laypersons.

In these examples, credibility is a function of 
reputation or how much each entity stands to lose if 
incorrect. Craven (2009) is careful to point out that 
this rank ordering is not absolute, and that those 

sources in the middle of the spectrum are variable 
in relative credibility on any given topic and related 
stories.

In 2011, a class of pre-service Earth science 
teachers applied the credibility spectrum to a local 
controversy, whether or not the county should 
grant permission for an outside company to drill 
a hydraulic fracturing test well. The exercise 
resulted in students determining that there was 
no single credible source (at the time) that could 
definitively inform the decision to drill the test well 
and that media reports that cited sources higher 
in the spectrum were more likely to be convincing. 
Ultimately, the county board of supervisors decided 
to deny the special use permit, but not based upon 
sources that ranked high on the spectrum.

Media reports are a valuable resource in class-
room discussions of controversial issues, but they 
are most useful when filtered in a manner designed 
to collaboratively glean evidence and build consen-
sus. Appropriately evaluating claims in the media 
can represent NOS as well as provide the basis for 
decision-making as a function of citizenship. Isolat-
ing details on the types of news stories accessed by 
students, as well as assigning relative weights to the 
sources used in those stories, allows for the construc-
tion of a two-dimensional consensus. This approach 
bypasses both the potentially false controversy 
represented in news reports, and the (potentially) 
instructionally meaningless controversy inherent to a 
traditional debate format.
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Policy Conference on Fracking:  
A Fun and Engaging Teaching Tool

DARRICK EVENSEN (evensend@cardiff.ac.uk) was, until recently, 
an assistant professor of environmental studies at Oberlin College, 
Oberlin, Ohio.  He is now a researcher in the School of Psychology at 
Cardiff University, Cardiff, Wales, UK.

Shale gas and oil development via high-volume 
hydraulic fracturing has major environmen-
tal, economic, and social implications; it has 

also raised heated debates in public and political 
discourse throughout the United States and several 
nations globally. When teaching about fracking, a 
major challenge is conveying the natural, physi-
cal, and social scientific research while also helping 
students understand the policy process through 
which this science contributes to regulatory 
decision-making.

In Autumn 2014, I taught an entire course on 
fracking at Oberlin College to 23 sophomores and 
juniors. (The full syllabus with all the readings I 
assigned is available as online supplemental material; 
see the URLs at the end.) I exposed them to the latest, 

most highly regarded research on fracking from 
leading chemists, biologists, geologists, sociologists, 
science educators, and political scientists. While 
few instructors can dedicate an entire semester to a 
topic this narrow, instructors with limited time could 
meaningfully emulate one activity from the course—
a policy conference. 

The Policy Conference
Each student role-played a key individual in the 
conversation about fracking; characters included 

Pat Wood (principal, Wood3 Resources), Russ Ford (executive vice president, Onshore Gas, Upstream Americas, Shell Exploration and Production), 
Mike Brune (executive director, Sierra Club), and moderator Brian Dumaine (senior editor at large and co-chair, Brainstorm GREEN, Fortune) discuss 
fracking at a 2012 conference at Laguna Niguel, California. [Photo by Stuart Isett/Fortune Brainstorm Green, available under CC BY-NC-ND 2.0]
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academic experts across a range of disciplines, 
prominent activists against fracking, industry 
advocates in favor of fracking, heads of government 
agencies responsible for regulating fracking, and the 
governors of New York, Pennsylvania, and Ohio. In 
my introductory handout to the class (formatted as a 
letter from the governors), the context for the confer-
ence was that the three governors were convening 
this group of experts and opinion leaders to “seek 
advice on how to regulate shale gas development 
throughout the three states. The governors desire 
regulation that is reasonable, fair, informed by the 
best science, and meets the needs and interests of the 
citizens of their states.” (The introductory letter and 
other materials related to the policy conference are 
available in the supplemental online material.)  
I chose these three states because of their proximity 
to Oberlin College and the nearest shale formations; 
I recommend geographic changes to make this activ-
ity most relevant to your own local/regional context. 
(See Figure 1 for ideas.)

Each student randomly picked a name tag for 
a character out of a hat; I also assumed the role of 
one character. For the next class (five days later), 
each student wrote a “position statement” for his/
her character. The position statements, written in the 
first person (as the character), needed to reflect:

(1)  the background/interests of their 
character on fracking,

(2)  their interpretation of what regulations 
on fracking their character would 
support, and 

(3)  a description of other characters in the 
conference that might align with their 
interests.

This portion of the activity, before any in-class inter-
action, engaged students in conducting meaningful 
research with a specific, applied focus. At the end of 
the conference, I required each student to write a 
reflection on the conference. One student indicated, 
“I was really impressed with the amount of research 
that went into the policy conference and with the 
charisma that my classmates put into portraying 
their characters.” Students were eager to learn about 
their characters because they knew it would make 
the negotiations to follow more exciting.

The in-class portion of the policy conference 
lasted two days. For both days, I required students 

to come to class in character, mentally and in dress. 
On the first day, each student gave a two-minute 
synopsis of his/her positions to all the characters at 
a town-hall-style event. At the end of this class and 
the beginning of the second class, they negotiated 
with each other. I instructed them to forge connec-
tions and form coalitions that could try to convince 
the governors of certain proposed regulations.

Halfway through the second (75-minute) 
class, the entire assembly sat down to discuss the 
arguments and justifications that arose for specific 
regulations that could be implemented across the 
three states. At that time, each faction of attendees 
presented its case; other factions had the opportu-
nity to respond briefly. The conference ended with 
the three governors stepping outside for ten minutes 
to deliberate on the recommendations. During 
this time, I debriefed the activity with the other 
students.

Learning Objectives
In a short amount of time, the policy conference, 
the research required in advance, and the critical 
reflection afterwards allowed students to internalize 
specific information about fracking and roles in the 
policy process. Students ended with varying levels 
of command over different facts, but they all learned 
the complexity and nuance inherent in an issue that 
many people are quick to characterize as simply 
good/right or bad/wrong. Some students were taken 
beyond their comfort zone and learned from assum-
ing roles opposed to their own views. Students did 
not passively receive information, they experienced 
it firsthand. They saw the role of research in politics 
and began to understand why different perspectives 
on fracking exist.

In their critical reflections on the activity, my 
students spoke to learning objectives they achieved:

Appreciate regulatory decision-making about 
fracking

• “After participating in the policy 
conference, I realize it is much more 
complex and difficult to enact legislation, 
and it makes sense that the process can be 
slow.”

• “Engaging with the other members of the 
conference reaffirmed for me the need to 
have many voices in the policy process. 
Some of us were really passionate about 

some issues, while others were strong 
voices for totally different topics.”

Engage in an applied-learning activity

• “The policy conference was an 
enlightening experience and provided 
hands-on expertise on issues I had 
hitherto seen only from an academic 
perspective.”

• “The policy conference was a formative 
experience, allowing us to role-play an 
actual situation that could happen in 
regards to hydraulic fracturing.”

• “The choice and range of characters at the 
conference was incredibly conducive to 
informative discussion.”

Make learning fun

• “The policy conference was undoubtedly 
my favorite activity we have done in class 
so far.”

• “…such a fun-ducational activity.”

Throughout this activity, my students were 
immensely engaged and took hold of their own learn-
ing. To see them in character, strategically trying to 
persuade others of their preferred regulations, was 
heartening. By investing themselves in their charac-
ters and interacting with other characters, they 
retained a great deal of content. They also learned 
that any form of knowledge — natural/physical 
science, social science, policy awareness — is only 
part of the story.

ONLINE RESOURCES
Available at http://wp.me/pWQfh-6l and at 
http://nagt.org/nagt/publications/trenches/ 

index.html
Assignment 5 – Policy Conference  (MS Word) 
Your Presence is Requested – Conference Invitation 

(MS Word)
Fracking and Policy Process – Syllabus (MS Word)   

Figure 1: Shale plays (a group of prospects in the same region that are controlled by the same set of geological circumstances) abound 
throughout the U.S., offering the opportunity to tie classroom activities to areas relevant to your own local/regional context. [Image by 
Energy Information Administration, public domain.]
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Structure 
The course was organized around these outcomes, 
and began with an introduction to foundational 
concepts such as physics, energy literacy, and the 
energy grid. We then examined current issues relat-
ing to sources of energy, including: (1) fossil fuels, 
including a large portion dedicated to fracking; (2) 
biofuels; (3) nuclear; (4) solar; and (5) renewables 
(wind and hydro-electric energy). Additional units 
focused on social, economic, policy, and environmen-
tal considerations. Students worked in teams on a 
multi-layered energy portfolio project. Culminating 
activities included an energy town hall meeting and 
team presentations of the energy portfolio projects. 

Faculty and Students
Students came from diverse backgrounds and 
academic majors, with some pursuing SDSU’s minor 
in Sustainable Energy Systems. Some had undergrad-
uate research experience, experience selling corn 
to ethanol plants, or experience working at ethanol 
plants, while others had a more casual interest in the 
topic. All were students in SDSU’s Fishback Honors 
College.

The honors college dean (a sociologist) served 
as facilitator, but course content was delivered by 
expert faculty including electrical and mechanical 
engineers, agronomists, scientists, a microbiolo-
gist, a nuclear physicist, an economist, and a natural 
resource sociologist. Many were engaged in leading 
edge research related to energy issues, though most 

SDSU students tour a nearby wind farm. [Photo by Jeffrey B. Jacquet]

Multidisciplinary Approaches to 
Energy in the Classroom

JEFFREY B. JACQUET (jeffrey.jacquet@sdstate.edu) is an assistant 
professor and TIMOTHY J. NICHOLS (Timothy.Nichols@sdstate.edu) 
is a professor in the department of Sociology and Rural Studies at 
South Dakota State University in Brookings, South Dakota. Nichols is 
also dean of the Van D. and Barbara B. Fishback Honors College.

Weighing costs and benefits of energy 
produced via hydraulic fracturing 
requires an understanding of the techni-

cal nature of the nation’s energy system, energy 
alternatives, and social and economic energy issues 
locally and globally. Yet many academic offerings 
in energy are narrowly discipline-specific. South 
Dakota State University is offering multidisciplinary 
undergraduate courses to introduce students to 
complex issues related to not only fracking but the 
portfolio of energy types and uses used by the US 
and beyond. 

This article will detail an honors colloquium 
called Energy: Present Realities, Future Possibilities. 
An annual course in the sociology program called 
Energy, Environment, and Society draws from the 
honors colloquium. 

Approach 
The honors colloquium was designed and taught 
by a team of faculty, drawing on multidisciplinary 
perspectives and active learning pedagogies, 
challenging students to think critically and creatively 
about issues of energy policy and potential solutions. 

Students were expected to achieve these learn-
ing outcomes:

(1)  Explain foundational scientific concepts 
regarding energy

(2) Critically evaluate multiple sources of 
energy

(3) Discuss economic, social, and policy 
dimensions of energy in the 21st century 

(4) Articulate an understanding of an energy 
portfolio, and propose, present and 
defend an energy portfolio for the future

had not previously collaborated with one another. 
This was everyone’s first opportunity to share exper-
tise in a multidisciplinary undergraduate energy 
course. 

Field Trips and Guest Speakers
Instructors built a series of field trips into the course, 
including visits to photovoltaic laboratories, an 
ethanol processing plant, ethanol research labora-
tories, a private wind-energy tower and commu-
nity wind farm, and a combined-cycle, natural gas 
generation facility. Additionally, guest speakers 
brought different perspectives on energy. These 
included the director of the US Navy’s “Great Green 
Fleet,” an Extension Energy Specialist, an Energy 
Life Cycle Analysis researcher, and a lawyer with the 
Environmental Law and Policy Center. 

Assessment
Assessment included quizzes and essay exams, a 
weekly student-led discussion of energy “news items,” 
personal energy audits, and calculating individual and 
societal-level approaches to energy conservation.

The course culminated in a town hall exercise. 
Students argued proposed energy development 
projects before a mock city council. Roles included 
environmental and agricultural interests, local 
energy developers, large multi-national corpora-
tions, social service agencies, school and university 
officials, investors, and bankers. Each constituency 
made its case before the council and responded to 
the councilors’ questions. In the end, the council 
debated and came to resolution for energy develop-
ment in their community. 

The largest assessment was a semester-long 
energy portfolio project. Three six-student teams acted 
as consultants for a country’s energy future. Over 
three stages of the portfolio development, students 

1.  characterized the present energy source 
and consumption mix, and identified 
problematic energy issues; 

2.  presented a recommendation for 
their country’s ideal energy mix for 
20 years in the future, justifying their 
recommendations socially, economically, 
and environmentally; and 

3.  made public policy recommendations 
to achieve the desired energy portfolio 
outcomes. 

Feedback, Lessons Learned and  
Future Recommendations
Feedback on the course was positive. The majority 
of students anonymously described the course as 
“their favorite” or “one of the best” courses at SDSU. 
Participating faculty — who volunteered their time to 
the course outside of existing teaching obligations — 
were also extremely positive about the course. 

The wide range of expertise represented 
among the faculty and the broad range of energy 
sources and topics investigated clearly delivered to 
the students a depth and breadth of energy under-
standing not possible in other academic contexts. 
Fracking emerged as one of the most important, 
impassioned, and debated components of the course; 
and students were able to debate costs and benefits 
against a wide range of energy alternatives and 
social, economic, and policy realities. 

Challenges included adequately covering the 
many complex issues in relatively short periods of 
time. Faculty members’ presentations could have 
been more cohesively integrated and organized. The 
complex nature of the energy portfolio presentations 
left some students needing stronger direction and 
feedback. Finally, faculty involvement will be diffi-
cult to sustain without structural changes to their 
workload assignments. 

Conclusions
The Energy: Present Realities, Future Possibilities 
honors colloquium at SDSU represents an innovative, 
engaging multidisciplinary examination of energy 
today — situating fracking within a holistic under-
standing of energy, along with all of its complexity 
and controversy. Key strengths of the course included 
a diverse mix of students and contributing faculty, 
integration of active learning pedagogies such as 
team exercises and field trips to nearby energy 
development facilities, and a wide range of assess-
ment strategies. The course’s inclusion of often-
times conflicting perspectives from engineering and 
technology, biological, physical and environmental 
sciences, economics, sociology, public policy, and 
agriculture made for a challenging, memorable, and 
impactful learning experience that helped prepare 
students for some of the critical work and decisions 
they will need to make around energy in the future.
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BASIC FRACKING MATH
Our energy system is complex and changes to 

the system like fracking for oil and natural 
gas have effects that ripple throughout the 

system. Fracking is also notoriously polarizing, and 
teaching about such issues requires special atten-
tion to avoid reinforcing misconceptions. Providing 
accurate information is necessary but insufficient 
for teaching and common strategies often backfire 
(Cook and Lewandowsky, 2011). One promising 
strategy for avoiding backfire is to “hit between the 
eyes” with hard-to-deny evidence (Kuklinski, 2000). 
Mathematics plays a fundamental role in “hitting 
between the eyes.” 

Much of the mathematics required 
is remarkably basic — simple statistics 
on energy production and usage can 
directly challenge and alter percep-
tions of where our energy comes 
from while providing insights into 
impacts of energy development. 
We share three ways to bring 
basic mathematics to instruction: 
through sharing counter-intuitive 
information about regional energy 
use; through the use of “social mathe-
matics” to make large numbers compre-
hensible by placing them in a social context 
that gives them meaning (Wallack, 1999); and 
using basic statistics related to induced seismic-
ity from the disposal of waste-water from oil and gas 
production.

Counter-intuitive Energy Information
Data in this section is drawn heavily from the Energy 
Information Administration website, http://eia.gov. 
What follows focuses upon New York, but by clicking 
the “geography” tab at eia.gov, data is available for 

Figure 1 and the related question refer just to 
electric power. Space heating is also a major energy 
use and most New Yorkers heat their homes with 
natural gas. Thus, when we consider total energy 
use, about twice as much energy in the state comes 
from natural gas as from the second largest source 
(gasoline). While there are roughly 100,000 gas 
wells in New York State, by state regulation, they 
cannot be hydraulically fractured with more than 
300,000 gallons of water.1 This means that New 
York wells are small in comparison to horizontal 
high volume hydraulically fractured wells in neigh-
boring Pennsylvania. New York’s wells collectively 
produce about 3% of state demand. Gas production 
in Pennsylvania increased 17-fold between 2007 
and 2013, making it the second largest producer in 
the country. As a result, much of the gas now used 
in New York comes from fracked wells despite the 
state’s ban on the practice. This approaches a “hit 
between the eyes.”

1 Fracking itself is not actually banned in the state – the ban  
prohibits high volume hydraulic fracturing.

every state. Starting with the local energy system in 
fracking-related instruction adds relevance and the 
EIA site makes this simple. 

For several years, PRI has offered a range 
of educational programs related to fracking. This 
includes public lectures, classroom visits, and 
educator professional development programming 
for K-12 teachers, college and university faculty, 
cooperative extension educators, and nature center 
educators. Educators worked together over in 
two cohorts over the course of a year. All of these 

programs began with a simple question: 
What are the two largest sources of 

energy for electric generation 
in your state? Noting that the 

four largest sources for the 
US in alphabetical order 
are: coal, hydroelectric, 

Seeing Four Million Gallons
Fracking, like many energy issues, brims with very 
large numbers. These abstractions are difficult for 
most people to grasp, and the numbers do matter. 
Social math contextualizes large numbers in compre-
hensible settings (Wallack, 1999). About four 
million gallons are required to fracture the typical 
Pennsylvania Marcellus Shale well. Clearly, that’s 
a lot, but how much water is four million gallons? 
Figure 2 highlights a way to visualize millions of 
gallons of water by using a short video. It takes less 
than a minute to play the video twice to show the 
approximate amount of water used to fracture a 
typical Pennsylvania Marcellus Shale gas well. 

Statistics and Induced Seismicity
Significant recent media attention highlights 
increased earthquake activity in several areas in the 
US where there is active oil and natural gas produc-
tion and disposal of associated wastewater in deep 
wells. In Oklahoma, the rate of magnitude 3 and 
larger earthquakes in 2011 was 28 times the average 

Figure 2: Picturing two million gallons. These screen grabs from time-lapse video show Lock C6 on New York’s Champlain Canal before and 
after filling. The difference in volume between the two images is roughly two million gallons. See the video at https://www.youtube.com/
watch?v=jPTlYaYT4gc.

Providing accurate information is necessary but insufficient for teaching ... One promising 
strategy for avoiding backfire is to “hit between the eyes” with hard-to-deny evidence. 

Mathematics plays a fundamental role in “hitting between the eyes.” 

Figure 1: New York 
State Electric Power 

Production by Energy 
Source for 2012.

natural gas, and nuclear 
power, we ask participants 

to respond by show of hands 
as the list is projected on a screen. 

(Find online versions of the mini-quiz here: 
http://bit.ly/State_e-Quiz and the presentation 
here: http://bit.ly/MarcellusGateway).
The majority of respondents (over 2,500) have 
been New Yorkers and fewer than 5% have 
correctly identified both natural gas and nuclear 
as the largest sources of energy for electric genera-
tion within the state. The data for 2012 is shown 
in Figure 1, the pie chart above left, and is avail-
able from the Energy Information Administration 
website at: http://www.eia.gov/electricity/data/
state/annual_generation_state.xls. 

Modal responses are coal and hydro. Hydro is 
the third largest source, and coal and wind are now 
roughly tied for fourth place with about 3% each. 
This is an eye-opener for most program participants. 
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rate from 1975-2008 (Rubinstein and Mahani, 2015). 

See Figure 3. 
 Can mathematics be used to establish a 
correlation between fracking and the increased 
earthquake activity? One can first compare the 
distribution of production wells where fracking is 
used to earthquake distribution, and then compare 
those distributions to disposal wells’ locations. (For 
an example exercise, see http://www.iris.edu/hq/
resource/bringing_seismologys_grand_challenges_
to_the_undergraduate_classroom.) The correlation of 
seismicity to disposal wells is better than to produc-
tion wells, but most disposal wells don’t have nearby 
earthquakes. Thus disposal wells appear to increase 
the likelihood of earthquakes, but other factors must 
be involved as well. Identifying and quantifying those 
factors is an area of active research. 
 The next question is whether the increase in 
fracking is driving an increase in wastewater injec-
tion. It turns out that while it may play a part, frack-
ing fluids typically make up less than 10% of waste-
water. Thus the increase in the volume of disposal 
well fluids and the associated induced earthquakes 

are likely to be due more to changes in conventional 
oil production than to hydrofracking.

Conclusion
Relatively simple mathematics quickly highlights the 
complexity of decision-making related to our energy 
system and can facilitate meaningful comparisons of 
impacts related to different energy choices. 
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Figure 3: Cumulative number of earthquakes with a magnitude of 3.0 or larger in the central and eastern United States, 1973-2015. The rate of 
earthquakes began to increase starting around 2009 and accelerated in 2013-2014. [Figure from Rubinstein and Mahani (2015)]

WHAT ON EARTH?! 
On November 12, 2012, the Visible Infrared Imaging Radiometer Suite (VIIRS) 
on the Suomi NPP satellite captured the view on the back cover. Northwestern 
North Dakota is one of the least-densely populated parts of the United States. 
Cities and people are scarce, but satellite imagery shows the area has been 
aglow at night in recent years. The reason: the area is home to the Bakken shale 
formation, a site where gas and oil production are booming. Many of the bright 
specks are lights associated with drilling equipment and temporary housing 
near drilling sites, though some are evidence of gas flaring. Some of the brighter 
areas correspond to towns and cities including Williston, Minot, and Dickinson. 

According to the U.S. Energy Information Administration, natural gas production 
from the Bakken shale increased more than 20-fold between 2007 and 2010. 
Gas production averaged over 485 million cubic feet per day in September 2011, 
compared to the 2005 average of about 160 million cubic feet per day. Due to the 
lack of a gas pipeline and processing facilities in the region, about 29 percent of 
that gas is flared. 

A drilling rig in the Bakken Formation of North Dakota 
 near the town of Stanley. [Photo credit: public domain.]

ONLINE RESOURCES: The articles in this issue point to a number of very useful resources for teaching about fracking. You’ll find live links 
to those at the NAGT website (http://nagt.org/nagt/publications/trenches/index.html). Additional resources for teaching about fracking 
can be found at SERC (http://serc.carleton.edu/index.html; search for “fracking.”)

The Telegraph, a newspaper in Great Britain, also has a series of short videos on fracking, its mechanics, and its impact on life in the Bak-
ken area. They’re available at YouTube; search for “Williston North Dakota + Telegraph.” — Nancy J. Ashmore, managing editor. 
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WHAT ON EARTH ?! 

Do you and your  
students know what this 

eye-catching image depicts? 
See Page 13 for the answer.

Have you photographed a  
natural wonder you’d like 

people to know more about?  
Send a high-resolution jpg 
to inthetrenches@nagt.org.

Image by NASA Earth Observatory,  

available at Flickr under CC BY 2.0.


