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Controversy

Taxpayers Should Oppose Proposed
Fracking Ban U.S. Oil Output to Overtake Saudi Arabia’s

Jobs, Revenues, and Energy Independence Depend on It
Saturday, August 2, 2014 y

by JORDAN CUNNINGHAM By Lananh Nguyen = Nov 12, 2012 12:39 PM ET ' 141 Comments = Email ©¥ Print

Hormone-Disrupting Chemicals Linked to

Fracking Found in Colorado River Burleson: Denton fracking ban could lead to a crippled
Posted by Sandra Postel of National Geographic's Freshwater Initiative in Water Currents on Texas econamy
December 20, 2013 By Richard L. Burleson ' August 1, 2014 Updated: August 2, 2014 2:28pm
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Fracking in Water-Stressed Zones Increases Risks

eyge .. o o e 3 to Communities — and Energy Producers
Drilling in the dark: Biological impacts of . . ay o
Posted by Sandra Postel of National Geographic's Freshwater Initiative in Water Currents on

fracking still largely unknown February 6, 2014
Loophole Allows Many Dangerous
Chemicals In Fracking Fluids To ((((((,
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A note on semantics...

“Unconventional”

A

Shale gas Shale oil Tar sands

Methane hydrates
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A note on semantics...

“Unconventional”

A

Shale gas Shale oil Tar sands

Methane hydrates

science in the news



Roadmap for the evening

|. Hydraulic Fracturing: How...and Why!

2. Water Contamination and Induced
Seismicity

3. Impact of Fracking on Climate Structure
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Roadmap for the evening

|. Hydraulic Fracturing: How...and Why!
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Hydraulic Fracturing: How...and
Why!?

|. Hydrocarbon basics
2. The F-word

3. Why are we doing this!?
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Hydraulic Fracturing: How...and
Why!?

|. Hydrocarbon basics
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Hydrocarbon!?

What is...

* An organic compound consisting of carbon
and hydrogen
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What is...

Hydraulic Fracturing?
* AKA “Fracking”

* The fracturing of rock by pressurized liquid

* Well “stimulation” technique that enhances

bermeability
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Porosity vs. Permeability

Porosity v Porosity

Permeability < Permeability \/S”((m :
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Cheap energy!

What is...
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Cheap energy!

100

80

US Dollar
()]
o

40

20

0

What is...

e==_Crude Oil /\ f
===Coal / \ /
/
#/‘//
1993 1995 1998 2001 2004 2006 2009 2012

Year

science in the news



Cheap energy!
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Hydrocarbon Basics  sgaagesis

Shale — “Source”
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Hydrocarbon Basics:
. Conventional

Sandstone



Hydrocarbon Basics:
Unconventional 0




Is Shale Permeable?

Porosity v Porosity

Permeability X Permeability \/SI'IK(;(\((I :
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Hydrocarbon Basics:
“Fracking” o

Source + Reservoir + Seal




Hydrocarbon Basics:
“Fracking” o

Source + Reservoir + Seal




Fracturing & Permeability
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Hydraulic Fracturing: How...and
why!?

2. The F-word
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Hydraulic Fracturin




The F-Word: Frac Fact
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{+  The F-Word: Frac Facts

Width: 1/10 in ((((((



Questions!?
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Hydraulic Fracturing: How...and
Why!?

3. Why are we doing this!?
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Unconventional
Resource
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Why!?
Oh Why!?

* Inclusion of shale gas increase the US
hydrocarbon resources by 38%

* International Energy Agency (IEA) expects
US to become energy independent by 2035

* The US could become a net exporter of
natural gas
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Hydraulic Fracturing: How...and
Why!?

* Conventional resources are globally scarce
* Unconventional resources are plentiful

* Hydraulic fracturing increases permeability,
allowing production from unconventional rock

* Profit and energy independence are primary
motivators
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Hydraulic Fracturing: How...and
Why!?

We know how it’s done

We know the motivation

What is the impact?
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Questions!?
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Roadmap for the evening

2. Water Contamination and Induced
Seismicity
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Water Contamination and
Induced Seismicity

|. Does fracking cause earthquakes?
2. How much water does fracking use?

3. Does fracking contaminate drinking water?
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Earthquake count

400 600 800 1000 1200 1400
L ' Al ' Al 4

Earthquake frequency in the central
US has increased since 2001

200
L

Cumulative number of earthquakes

M3

1970
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1990
Year

2000

2010

Before 2001:21 “significant” US
midcontinent quakes per year

After 2001:an increasing number

of earthquakes peaking at 188 per
year in 201 |
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Earthquake count

400 600 800 1000 1200 1400

Earthquake frequency in the central
US has increased since 2001

Possible causes:

Cumulative number of earthquakes
M23

Improved detection?

Not for quakes of this magnitude
post-1970

Human activity, specifically oil/gas
extraction!?
Accounts for at least part of the
1970 1980 1990 2000 2010 . . . . ..
- increase in seismic activity

200
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Fracking causes microtremors,
but not large earthquakes

A

10° =~ M=2 (detectable) Small rock fractures are

10" —— routinely produced during
hydraulic fracturing, but

T = unless the drilling

101 —+— intersects a fault and
causes it to move, they are

102 —1— undetectable at the

103 —1— Typical force surface.

v

_ (@ )
Magnitude scale SITN®
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Fracking causes microtremors,
but not large earthquakes

~ | Largest to date: Horn

| River Basin, British
Columbia (series of small
{1 quakes magnitude
2.2-3.8).

((((((-

Ellsworth 2013



Wastewater injection can cause
significant earthquakes

Wastewater from
fracking is usually
disposed of by injection
into deep wells.

This step is more likely
to cause large
earthquakes because it
leads to relatively large,
rapid, and deep
pressure changes.

20I I Oklahoma earthquake
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Decreasing injection rates can
reduce the magnitude and
frequency of earthquakes.

Youngstown, Ohio
* Injection in proximity to fault lines led to
earthquakes, the greatest magnitude 3.0
* In response to increasing seismicity, injection rate
was reduced.
* Seismicity decreased significantly within a month
of the change.
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Questions!?
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Water Contamination and
Induced Seismicity

2. How much water does fracking use?
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Fracking is not uniquely water-
Intensive

* More water-intensive than conventional natural gas and some
renewables.

*Refracturing is more resource-intensive than initial fracturing.
—Bakken Shale: twice as much water/30% gain in production.

e |ess water-intensive than some other methods:

Water use relative to fracking

12

10

2 l
Coal Nuclear
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Fracking fluid often can’t be
recycled because of its
composition

* Contains compounds other than water for
purposes such as:

— Corrosion inhibitors
— Thickening agents

— Friction reducers
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Water Contamination and
Induced Seismicity

3. Does fracking contaminate drinking water?
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To dispose of wastewater more safely, we
need to know more about existing faults and
how they’re affected by adding stress and

pressure from the injection of large volumes
of wastewater.
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Fracked wells have been linked to
water contamination...

Marcellus Shale Gas Play, Appalachian Basin

*Eight wells in Pennsylvania and
Texas were recently linked by
their “chemical fingerprints” to
groundwater contamination.

* A paper published this August
by Darrah et al. took a closer
look at contaminated wells in
Pennsylvania’s Marcellus Shale
formation.




...Which likely results from lapses
in well integrity such as leaky
pipes and seals

Concentrations of helium,
neon and argon in the
methane-contaminated
water weren’t consistent
with fracking, but were
consistent with poor well
integrity.

Abandoned-
well leakage

Gas-rich pocket ’J




Water Contamination and
Induced Seismicity

* Injecting wastewater near faults can lead to
seismic activity.
— Fracking itself is much less likely to do so

* Fracking uses less water than many other
nonconventional fuel sources.

* Water contamination from fracked wells
has been linked to problems with the well
construction and not to the fracking (e
process. SITN”



Questions!?
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Roadmap for the evening

3. Impact of Fracking on Climate Structure
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Impact of Fracking on Climate
Struc
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What is a Greenhouse Gas!?

* Gases in atmosphere
retain some heat that
Earth is radiating

* More heat absorbing
gas = more heat
retained




Transition to Renewable Energy

Coal Natural Gas Renewables
((((((
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How does it compare to coal?

| kg CO, for every
kWh produced
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And that’s the end of that!

..oris it?
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New Findings in 201 |!

Shale Gas Isn't Cleaner Than Coal, Cornell Researchers
Say

By MIKE SORAGHAN of Gml\\'ifc
Published: Apnl 11, 2011

Replacing Coal With Gas Is No Panacea, Study Says

By JIM WITKIN SEPTEMBER 14, 2011 7:42AM W 17 Comments

Natural gas

Cleaner, not cooler

Ever more growth in the use of natural gas is welcome for many reasons. But it is not a
cure for global warming

Aug 6th 2011 | From the print edition (&) Timekecper { 243| | W Tweet | 100 ((((((
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Leaking of Methane:
the Other Greenhouse Gas

Amount of methane

released is much lower than
CoO,...

So why does it matter?




Not All Greenhouse Gases are Made
Equal

* Global Warming Potential- amount of heat trapped by gas
compared to CO, over a period of time
* Greenhouse gases often expressed as g CO, equivalents

Greenhouse GWP (20 yrs) GWP (100 GWP (500
Gas yrs) yrs)
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Questions!?
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Where is the natural gas escaping?

But how much natural
gas is lost?

A

Leaky wellhead *  Water flowing back to surface
components

Routine venting



The First Study (2011)

3.6-7.9% emitted directly
to atmosphere!

A
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Grams of CO, equivalents per kWh produced

270

215

160

110

95

Let’'s Compare it to Coal!

B co,

1 Methane
Low Estimate Low Estimate | High Estimate

High Estimate Surface-mined| Deep-mined

Shale Gas Conventional Gas

Coal

*low estimate obtained assuming most advanced technology is used (((( (t-




High Level of Uncertainty

* Relies on very limited amount of data

* Some of this data was collected as early as 1996

e Uses conservative estimates to offset this
Despite using conservative estimates. ..

* New study released by Allen et.al.in 2013
obtains value of only 0.42% natural gas release
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High Variation Among Studies

Miller 2013, US average
Brandt 2013, US average
Karion 2012, shale gas
Petron 2012, tight-sands gas
Allen 2013, US average

Howarth 201 [, shale gas

Howarth 201 |, conventional gas

||'I”I

0% 2% 4% 6% 8% 10%
Leak Rate
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Allen’s data collection sites were selected by industry SITN'




Some Emissions Can be Reduced!

Capture and storage Flaring

these only reduce emissions from venting SI'I{(KI(("




Reasons for High Uncertainty and
Variation

* Data from a few sites applied to many sites

* Data collection occurs infrequently

* Advancing technology

* Many observation sites are selected by industry

* Global warming potentials might be calculated
differently from study to study
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Impact of Fracking on Climate
Structure

Is natural gas better for the climate than coal?

Perhaps! Perhaps not...

* natural gas emits half as much * extraction processes release
CO, as coal methane, a more potent

greenhouse gas

* some emissions can be
reduced by capture or flaring * many emissions are accidental

Due to high uncertainty, climate improvement should probably not
be a reason to rely on natural gas
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Questions!?
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