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Many energy & environmental challenges

1ace the WOoric

Increasingly complm#ﬁ .:. :
Water scarcity kRSt
Pollution reduction

Greenhouse gas emission red ctlon ¥
) e

» o TR

Technology leaders are market’:l a




Low Impact Fossil Energy (LIFE) is the keystone

Low-impact fossil energy must have a greatly reduced environmental
footprint compared to conventional coal, oil, and gas is every way

A50-90% reduced GHG emissions

AReduced water consumption

AUltra-low sulfur, mercury, and particulate emissions
AReduced surface footprint for extraction and use

l!! ) ) This work performed under the auspices of the U.S. Department of Energy by Lawrence
Lawrence Livermore National Laboratory Livermore National Laboratory under Contract DEAC5207NA27344

LLNL-PRESXXXXXX



Three technologies will reinvent three LIFE markets
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Shale Gas and Liquids

Underground Coal Gasification C02Re3|dua! Oil Zone
production

High-performance computing (HPC) will improve all LIFE technologies
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Shale gas and liquids provide many direct economic and
environmental benefits (with costs) to the US
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Costs and issues:
AWater use
Alnduced seismicity
AFlaring
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The challenge: improve production and recovery; reduce negative impal:ts
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Comments from State of the Union, Jan. 24 2012

We have a supply of natural gas that
AAl 1 AOO !'i AOEAA
my administration will take every
possible action to safely develop this
energy. Experts believe this will
support more than 600,000 jobs by
the end of the decade8 ! | AOE A
will develop this resource without
putting the health and safety of our
citizens at risk.

8 And by the way, it was public research dollars, over the course of 30 years,
that helped develop the technologies to extract all this natural gas out of shale
rockz- reminding us that government support is critical in helping businesses
get new energy ideas off the ground.
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North American market is established, not quite mature

Well understood plays
i ABakken, Barnett,
&AUAOOAOEI I Ah
AMany large
developments
AProven, simple
technology

| Horn River

". Shale Gas Basins

Devonian/Mississippian Shale Fairway

Colorado Group

Issues and questions

. remain:

ALifting cost

- ADrilling density
AEnvironmental impacts
AResource vs. reserves

Derived from CBM and tight gas drilling and production technology
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Marcellus Acreage Deals since Jan.1 2010

A Mitsui/Anadarko $1.4 Billion
A Consol/Dominion $3.5 Billion
A Reliance/Atlas $1.7 Billion
A Shell/East $4.7 Billion
A Chevron/Atlas $4.3 Billion
A ExxonMobil/Phillips $1.7 Billion

Additional deals in the Bakken, Utica, and Eagleford

Over $30B of direct investment, including >$15B foreign direct

Thanks to Mike MooreBlueSource
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ays are in densely populated areas

Utlca shale coverage
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The extent of the Utica and the Paint Pleasant are also shown.
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This increases benefits, V|S|b|I|ty, and conce
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Ohio OOGEEP Utica Projections

YEAR JOB IMPACT TYPE OF TAX 20212015

A 2011 4.614 A Severance $ 50.9 million
A Commercial Activity $ 27.9 million
A Ad Valorem (Property) $125.4 million

A 2012 22,297
A 2013 102,924

, A Income (Federal) $219.7 million
A 2014 178,088 4 |ncome (State & Local) $ 54.9 million
A 2015 204,520 A Total $478.8 million

source:September 23 2011~ REINVESTMENT OF REVENUES

CeEl 50 abooal D APARE P25 M 2012 $1.4B
Crude Oil Industry A 2013 $6.8 W4 $12.4 B
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A 2015 $14 billion
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Key goals and challenges for the next decade

Many stakeholders desire the same goals: | =" @™

Alncrease productivity per well Eamin 8

AReduce well count

AReduce the environmental footprint
O4EA DOAI EA OEI Ol A A@PAr — — o
advances associated with shale gas production s
that will significantly improve the efficiency of . o
shale gas production and that will reduce | "
AT OEOT T 1 AT OAT Ei PAAO8G | ° . ..TlT¥ ..

-- Sect. of Energy Advisory Board, Shale Gas | -1ox | :
Subcommittee Report 2000
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These challenges require new tools and technologies

ANew simulation and modeling tools
ANew stimulation and fracking tools

ANew drilling and completion strategies
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Shale gas production is VERY different from
regular oil and gas production

Conventional oil and gas:
Flocal accumulations

Eflow through porous rock
Fhigh resource density
Ecosts relate to reservoir complexity

EmilliDarcy-Darcy permeability
reservoir

A. Anticlinal trap
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Eflow through fracture systems
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Fcosts relate to drilling complexity
and stimulation effectiveness

EmicroDarcy-nanoDarcy
permeability reservoir
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