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Shale Gas: An Energy Resource

for the Future?

n an area stretching 965 km (600 mi) from
Ohio to western New York, methane lies
deeply buried in a sedimentary rock de-
posit, the Marcellus Shale. Methane is the
primary constituent of natural gas, and
scientists suggest that this ancient rock
layer, underlying 60% of Pennsylvania,
may be one of the most significant res-
ervoirs of natural gas in the world. Penn-
sylvania alone is dotted with nearly 6000
shale gas wells extracting pressurized
methane (Figure GN 1.1),

Sources of Methane Methane is a chemi-
cal compound with the formula CH, and is
a by-product of several natural processes:
digestive activity of animals (cattle, sheep,
bison) and termites; burning associated
with wildfires; melting of arctic permafrost;
and bacterial activity in bogs, swamps, and
wetlands. Nearly 60% of the methane in our
atmosphere comes from human sources,
including natural gas production, beef and
dairy production, rice cultivation, coal and
oil extraction and burning, landfills, and
wastewater treatment. In the United States,
the natural gas industry makes up the larg-
est percentage of methane emissions,

Drilling for Methane To release methane
trapped within shale layers, the rock must
be broken up so that gas diffuses into the
cracks and flows upward. Over the past
20 years, advances in horizontal drilling
techniques, combined with the process of
hydraulic fracturing, or “fracking,” opened
access to large amounts of natural gas pre-
viously deemed too expensive or difficult

VFigure GN 1.1 Shale deposits and areas of explo-
ration for natural gas extraction, United States and

Canada. [US. Energy Information Administration ]

to tap. A typical shale
ges well descends ver-
tically 2.4 km (1.5 mi),
turns, and then extends
horizontally into the rock
strata. Horizontal drilling
exposes a greater area of
the rock, allowing more
of it to be broken up and
more gas to be released
(Figure GN 1.2).

A pressurized fluid is
pumped into the well to
break up the rock. This
tluid is 90% water, 9%
sand or glass beads that prop open the fis-
sures, and 1% chemical additives that act
as lubricants. The specific chemicals used
are as yet undisclosed by the industry. This
use of an injected fluid to fracture the shale
is the process of fracking. Gas then flows
up the well to be collected at the surface.

Fracking uses massive quantities of
water: approximately 15 million L (4 mil-
lion gal) for each well system, flowing at a
rate of 16,000 L (4200 gal) per minute—far
more than could be provided by a pub-
lic water system. In some regions, such
intensive water use for energy extraction
may deplete natural water sources, af-
fecting stream or lake ecosystems, or re-
direct water from other uses.

The US. Energy Information Administra-
tion (EIA) projects a boom in shale gas ex-
traction and production from fracking over
the next 20 years, with U.S. production ris-
ing from 34% of all natural gas production in

2011 to 50% in 2040.

Environmental Effects As with
otherresource-extraction tech-
niques, fracking leaves
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pollutants into surface water
supplies and groundwater,
Methane gas may
leak around well casings,
which tend to crack dur-
ing the fracking process.
Leaks can cause buildup of
methane in groundwater,
leading to contaminated
drinking water wells, flam-
mable tap water, methane
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AFigure GN 1.2 Horizontal drilling for hydraulic fractur-
ing (fracking) and shale gas extraction.

accumulation in barns and homes, and
possible explosions.

Methane adds to air pollution as a con-
stituent in smog and is a potent green-
house gas, absorbing heat from the Sun
near Earth's surface and contributing to
global climate change. In addition, scien-
tific evidence links the injection of fluid into
wastewater wells to earthquake activity and
ground instability in Oklahoma, Texas, Ohio,
West Virginia, and parts of the Midwest.

This rapidly expanding energy re-
source has varied impacts on air, water,
land, and living Earth systems. However,
many of the environmental effects of
shale gas extraction remain unknown; fur-
ther scientific study is critical,

Shale Gas and Elemental Geosystems
Resource location and distribution and
human—environment interactions are im-
portant issues associated with shale gas
extraction; these issues are also at the
heart of geographic science. In this chap-
ter, you work with several “Essentials of
Geography: spatial concepts, the scien-
tific process, human—Earth connections,
Earth systems thinking, and mapping.
Throughout Elemental Geosystems, we
expand the story of shale gas and its po-
tential effects on global climate, surface
water and groundwater resources, earth-
quake hazards, and ecosystem functions.

QUESTION AND EXPLORE Tc work with an
interactive diagram called “Breaking Fuel
from the Rock,” go to http://ngm.nation-
algeographic.com/2012/12/methane/
lavelle-text. For another perspective, go to
http://www.energy‘fromshale.org/shale-
extraction-process. Should the United
States and other countries expand shale gas
as an energy resource for the future? ( MG




