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@ Hydraulic Fracturing - Stages
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An electric current is sent by wire to a perferating (perf) gun.
The chargs shoots sall holes through the casing cament, and a J
short distance into the shaje,

—_ e
o] Howw did the Marcellus Shale form? | 3%

Modern Hydraulic Fracturing
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Hydraulic Fracturing Fields

aly

R Sl R -:.,,u..h..-
L EYEY -:I.-_._-;.: -mL

...l._..

e
(e
D
=
o

O
D
>
D

&)

_
@)
=
| -
=)

)
&)
©
| -

LL

O

-
©
| -

e
>

B

umv@iv OF
CALGARY




o

Shale plays
| Currentplays
[ | Prospective plays
Stacked plays

Shallowest youngest

— Intermediate depth/ age
——— Despeast/ oldest

Lower 4 states shal Ias
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Basins

* Mixed shale &
chalk play
= Mixed shale &
limestone play
“*Mixed shale &
tight dolostone-
siltstone-sandstane

Map of U.S. Shale Plays
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@ Fracking & Earthquakes —USGS Report
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= Anew USGS report outlines a preliminary set of models
to forecast potentially induced seismic activity.

= |n doing so, it mentions that new areas of seismic activity
are occurring "near deep fluid injection wells or other
Industrial activities capable of inducing earthquakes.”

a USGS

science for a changing world

U.S. Geological Survey

New Insight on Ground Shaking from Man-Made Earthquakes
Released: 4/23/2015 9:00:00 AM



@ Fracking & Earthquakes — Media Response
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Federal Scientists Map The Rise Of Man-Made
Earthquakes Caused By Fracking Injection Wells

By Maria Gallucci w @mariagallucci & m.gallucci@ibtimes.com on April 23 2015 12:26 PM EDT

USGS Adds Fracking-Induced Quakes to
Seismic Projections

by s.e. smith | April 29, 2015 | 8:30 am

Earthquakes Linked To Fracking Activity Are
On The Rise, U.S. Government Says

BY EMILY ATKIN W POSTED OM APRIL 24, 2015 AT 1217 PM

Fracking Could Be More
Dangerous Than We Realize

May 1st, 2015 by

News Reports on Induced Seismicity & Fracking
From April 23th to May 1st 2015



@ Fracking & Earthquakes — Frequency
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Cumulative Number of M=3 Earthquakes, 1973-2014
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@ Fracking & Earthquakes — Seismologists
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= “To a large extent, the increasing rate of earthquakes
In the mid-continent is due to fluid-injection activities
used in modern energy production”

= “These injection activities include: (i) [wastewater
Injection] (i) [enhanced oil recovery] (i) [hydraulic
fracturing] (iv) [carbon capture and storage] (v)
[enhanced geothermal systems].”

0 McGarr et al. Coping with earthquakes induced by fluid
Injection 347:6224 ScIENCE 830 (2015).
— Most of the authors are from the USGS



© Fracking & Earthqguakes — Theories
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Changes in solid stress
due to fluid extraction or injection
(poro-thermoelastic effects,
changes in gravitational loading)

Direct fluid pressure

effects of injection * + + *
(fluid pressure
diffusion) et
* reservoir/aquifer
N MO

"Volume and/or mass change

F_“ Increase in pore

pressure along

fault (requires Change in loading
Permeable high-permeability conditions on fault

reservoir/ pathway) (no direct hydrologic
aquifer connection required)

Reverse fault Normal fault Strike-ship fault

Changing Pressure And/Or Lubricating Along The Fault



© Fracking & Earthquakes — Good Question
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US government says drilling causes
earthquakes - what took them so long?

US Geological Survey backpedals on previous research on wastewater fracking-
induced earthqualkes that have shaken eight states in last seven years

The Guardian Asks A Good Question



& Fracking & Earthquakes — Europeans & Risk
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Precasti onary Principle:
Harm Driren Process

v

Proposed or Ouigeing Activity

Some Evidence of Potential Haym or Actir ity

U

Precautionary Principle

Ot Arodd the  1he 1o the Actr by
T At
S— B B
—

Implementation of a Decision re: the activity

¥

Mew Evidence of Harm

A More European Environmental Policy



UNIVERSITY OF

@ Regulators — A Lingering Presumption
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At a typical injection well,
drilling wastewater is pumped from
tanker trucks to storage tanks, then
it is sent thousands of feet below
ground into porous rock.

INJECTION WELLHEAD

PIPE :

FRACKING
Ty break up shabe and elease natural
ﬂuﬂu and o A '\':_'II.F! 1M 2= |I'_I L il anres

of gallons of walei, sand and
chemicals into welts. The midture is
mjected under pressure, which
fractures, or "fracks,” the sha'e and
relegses natursd gas and ol

HORIZONTAL
GAS WELL

¥ FRACTURING FLUID

APPROX. &,000 FEET

EHAGRALES MOF FO SCALE

= “These injection activities include: (i) [wastewater injection] (ii) [enhanced oil
recovery] (iii) [hydraulic fracturing] (iv) [carbon capture and storage] (v)

[enhanced geothermal systems].”

— McGarr et al. Coping with earthquakes induced by fluid injection 347:6224

SCIENCE 830 (2015).

Until Recently, Many Took The Position That Earthquakes Were
Caused By Injection Wells—Not Fracking



@ Regulators — A Lingering Presumption
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State Regulator Response to Induced Seismcity

Arkansas (il and (Gas Commission *  Strong enough relationship byt
injection wells & selsmicity to shut
doowm wells and have 2 moratorium on
new ones (2001

Coloradn’s Department of Natural Resources' "

; . o T U5, gow, injected chemical weapons
Ol & Gas Conservation Commission into wells, causing selsmicity {1 960s)

*  Regulations on injection wells { 1960s)

The State has challenged local fracking

bans (ongoing push and pull)

Ohio Department of Matural Besources *  “Prbahle commection” b/t facking &
seismicity (2014)
*  Regulations on monitoring seismicity

around fracking operations (2014)
Regulations on injection wells

Amendments are probable)

Cthin Supreme Court: local goys
cannot regulate fracking (2015
Selsmicity “ramned be enftrely altributed o
netural causes” (2015

*  Regulations on injection wells

Amendments, forthcoming

(ahoma Corporation Commission "

*  The State have passed twio hills

through the House limiting local goys

ability to limit fracking (2015

Mo hink b/t injection wells & seismicity

Regulations on injection well

Amendments, 201 4)

*  The State has banned local fracking
bans (2015)

Railroad Commission of Texas .

Responses of State Regulators



@ Industry —Information Sharing
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=  Scientific Position %

— To avoid_public distrust, the results of seismic network operations ought
to be placed into the public domain in near real time.

— “Open sharing of data can benefit all stakeholders, including industry, by
enabling the research needed to develop more effective techniques for
reducing the seismic hazard.”

= McGarr et al. Coping with earthquakes induced by fluid injection 347:6224
SCIENCE 830 (2015).

— Avoid

= |ndustry Position

j \\‘a \-\:5- %e PT
2 e d U

Transfer

— Must not acknowledge link between fracking and seismicity prior to the
establishment of clear scientific evidence

— Must mitigate potential liability by engaging in earnest scientific research

Tensions Between Desire for Scientific Collaboration
& Risk Management Strategies



@ Litigation — Potential Tort Liability
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= To date, no lawsuit has successfully linked
fracking to earthquakes.

= Tangentially referred to the issue In:

— Hiser v. XTO Energy Inc., 2013 U.S. Dist. LEXIS
140667 (E.D. Ark. Sept 20, 2013).

DUTY
BREACH
FAULT NON-FAULT
CAUSATION
TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT +

SSSSSSSSSSSS ﬁﬁ
e DAMAGES Nﬂ I

NEGLIGENCE THESPASSING

Nuisance Law (Tort) FOR ANY PURPOSE WHATSOEVER.

o Definition: An unreasonable and/or
substantial interference with a person’s
use and enjoyment of her real property by
actions on nearby real property

Strict Liability, Nuisance, Negligence, Trespassing



& Litigation — The Recipe For Industry Success
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If Corps Cannot Get The Case Dismissed, Then They Have Been
Able To Secure Settlements with NonDisclosure Agreements
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