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North America Natural Gas Production
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Sub-Trends
60,000 » Shale natural gas production is
rising;
50,000 > Non-Shale production is
declining.

40,000 » Sub-trends are a manifestation

of the movement of capital
dollars
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* Flat US production between 1995 and 2003; declining production
between 2003 and 2005; increasing production since 2005

« Without the development of shale formations, overall production
would be declining

Source: Lippman Consulting
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Lower 48 Shale Production
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Million of Cubic Feet per Day

« Shale production exhibited steady, but slow, growth between 2000 and
2005

« After 2005, rapid development has pushed production pass 25,000 million
cubic feet per day

- Is shale natural gas production beginning to level out? PO —
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Shale Formations in North America

 Lower 48 (United States)
« In 2000, shale formations contributed about 2% to total natural gas
production
« By 2010, the contribution exceeded 23%
« In 2011, shale production contributed about 31%
* Now, the contribution hovers around 40%

« Canada is developing several shale formations:

« Production from the Horn River, Bakken, and Montney shales is nearing
2000 MMcf/d

Aexico ﬁstate o I\ed petroleum company tested its
irst shale gas well:

+ Tested the Mexican portion of the Eagle Ford shale. First well produced
about 3.0 MMcf/d

Source: Energy Information Administration and Lippman Consulting
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Emergence of Liquids (NGLs and Crude Oil)

1,800 United States Geological
1,600 | Survey says the Green River
Formation (Colorado, Utah,
and Wyoming), a kerogen-
rich deposit, may contain as
much three trillion barrels of
crude oil and other liquids.
Producers have not yet
reached commercial viability
in the development of this
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NaturalGas Crude Oil and Liquids

e Liquid-rich formations such as the Eagle Ford, the Niobrara, and the Bakken/Three
Forks produce about 5 — 6 barrels of NGLs per Mcf.

e Other liquid plays include the Tuscaloosa Marine Shale, the Avalon/Bone Springs
Shale, Smackover Brown Dense Shale, and the Granite Wash sandstone.
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Using Rig Count as a proxy for capital expenditures:
» Operators are shifting to more “oily” shales and sandstones (liquid-rich properties)
» Driven by the gas-oil price differential

» Natural gas at about $2.50/Mmbtu; NGLs (ethane, propane, iso-butane, and
butane) between $15 - $25/ Mmbtu.
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Environmental Challenges

Roughly 200 tanker

A pumper truck injects a

Natural gas flows out of well.

:Lﬁigﬂr'.vng :r:l(;;:: ' ’c‘:;r::c:dl: (IJHY\:L:::; v‘:gﬁ -. ;&c%r;r::ia::':o‘vo -i st:g;ctz ;\n 'opon ls‘l'?;:ge ll\cl)a:::'l,l( ;Jlﬁs is piped
L tH i plant. - . .
[ - == : — e : ‘ L emsseemsessrmesssamsesese eemmese - T h I | t
00°"65 o 06660 AT DR 7 1r { ° ecnnological Innovations:
. |
Water table Well — 1 H d I. f t 1 g
= S " l. ydrauliC tracturin
ssures open

Hydraulic Fracturing [ 5 creates network of

000 }:ry;::rnzr‘\;m-:\?gll:er:]?heo i'njecnon Pl LY
e Mixtore of rtificial d-packed

CEEAs rted wan o aruficial sand-packe
3,000 high d d

RO EoE e —— fractures

:ellls al?‘ far a:a::g.o_?r?eleel )O <

elow the su - . .

L pressurized mixture causes 0° 0 %° 9 oo 0 °| Oo ” . M U Itl ple-stage

the rock layer, in this case the < 0 %% o0olo
— Marcellus Shale, to crack. O o o o Oh >
. These fissures are held open 20 fra Ctu rl ng

by the sand particles so that

tural f the shal s a
awo fowup e wat, e o : stimulations boost
B : recovery rates
Well turns
horizontal

Marcellus Shale

The shale is fractured
by the pressure inside
the well.

Graphic by Al Granberg

* Development of natural gas has created several potential
environmental challenges

Source: Energy Information Agency
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Environmental Challenges

e Greenhouse gas emissions
e Surface disturbance

. Freshwater usage

Zdraullc fracturlng requires between two and five million gallons of freshwater
r treatment;

- Bwerts freshwater from other important and essential uses.

e Disposal of retrieved water

— After completion of a fracture treatment, operators retrieve about 30% to 70%
of the injected fluid

— Disposal of the retrieved water raises environmental concerns, such as spillage
and groundwater contamination

Increased Seismic Activity

— On-going studies are examining possible link between oil and gas
operations and increased seismic activity

Groundwater Contamination

— On-going studies are examining possible link between hydraulic fracturing
and groundwater contamination
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Environmental Challenges

e Groundwater Contamination (case study)

— In Dec 2011, a US Environmental Protection Agency report concluded that “[t]he
groundwater in Pavillion, WY, contains chemicals that are normally used in
natural gas production practices, such as hydraulic fracturing (fracking).”

— Many in the industry, including the Energy Institute of the University of Texas,
disagree with the finding. EPA has agreed to do further sampling.

e Many jurisdictions are now requiring disclosure of chemicals used
in hydraulic fracturing
— In California: An Assembly Bill (AB 591) now under consideration will require
such disclosure.

e In May 2012, United States Bureau of Land Management and
Environmental Protection Agency proposed rules and guidelines for
the regulation of hydraulic fracturing.
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Questions & Comments
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