Hydraulic fracturing and its impact
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US Total Oil Production

Crude Oil Production
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Production by state

Crude Oil Production
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https://www.eia.gov/dnav/pet/pet_crd_crpdn_adc_mbblpd_a.htm

Production by play

U.S. tight oil production-selected plays
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Eagle-Ford Shale

Western Gulf Basin,
= South Texas | .

,LM g""h e
:‘;—_{__;_ : _;l_._. o

i : 5

Kinnwy
s
Zoam
. .

s Austin

Miles

0 25 50 d
Map Date :May 29, 2010

~ Eagle Ford Shale Play, ., - ... §

Tore

.| — Eagle Ford Shale Thickness, Ft (E06)
| I Eogle Ford Shale- Austin Chalk Outcrops (TNRIS)
it of E. Fom-Austin Chak nce ]

Eagle Ford Producing Wells (HPDI)

ol
+ GAS
Eagle Ford Petroleum Windows (Petrohawk, EOG, DI)
Oil
Wet Gas/Condensate

Ory Gas
~—— Top Eagle Ford Subsea Depth Structure, Ft (Petrohawk)




US, Russia, Saudi Arabia equivalent oil
production

estimated U.S., Russia, and Saudi Arabia petroleum and natural gas production
quadrillion Btu million barrels per day of oil equivalent

€0 United States 30

Russia
50 25
Saudi Arabia

40 - 20
30 natural | 15

gas
20
10 petro-_|

leum

0 L
2008 2009 2010 2011 2012 2013 2014e

Source: EIA




Total energy use projection
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Natural gas by source
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Shale
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Hydraulic Fracturing Required to Produce : Mid-Esst  Beach
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Source: George King, Hydraulic Fracturing 101


http://fracfocus.org/sites/default/files/publications/hydraulic_fracturing_101.pdf

Hydraulic fracturing

Source: George King, Hydraulic Fracturing 101


http://fracfocus.org/sites/default/files/publications/hydraulic_fracturing_101.pdf

Frac pump trucks
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Barnett frac job in progress

From Devon Energy, 2006

:

>150 frac tanks

Source: Jon Olson



Is it safe?

¢ Groundwater contamination

¢ Earthquakes (induced siesmicity)
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Fracturing fluids

Typical Shale Fracturing Mixture Makoup

Typical Chemical Additives Used in Frac Water

Common application
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Groundwater separation

Scaled Distance From Surface to a Gas Shale at 7200 ft (~2200 m)

Source: George King, Hydraulic Fracturing 101
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http://fracfocus.org/sites/default/files/publications/hydraulic_fracturing_101.pdf

Marcellus mapped fracture treatments
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Does hydraulic fracturing produce
earthquakes?
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Earthquakes for fracking for gas "are quite
weak’
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Fracking Tied to Unusual Rise in
Earthquakes in U.S.
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Eagle-Ford moment magnitude
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