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DefinitionsDefinitionsDefinitionsDefinitionsDefinitionsDefinitionsDefinitionsDefinitions

• unununun⋅⋅⋅⋅conconconcon⋅⋅⋅⋅venvenvenven⋅⋅⋅⋅tiontiontiontion⋅⋅⋅⋅alalalal [[[[uhnuhnuhnuhn----kkkkuh nnnn----ven ----shshshshuh----nlnlnlnl]]]] : not 
conforming to existing rule

• unununun⋅⋅⋅⋅conconconcon⋅⋅⋅⋅venvenvenven⋅⋅⋅⋅tiontiontiontion⋅⋅⋅⋅alalalal rererere⋅⋅⋅⋅sourcesourcesourcesource [[[[uhnuhnuhnuhn----kkkkuh nnnn----ven ----shshshshuh----nlnlnlnl
ree-sawrs, -sohrs, -zawrs, -zohrs, ri-sawrs, -sohrs , -
zawrs, -zohrs ]: an oil and gas resource ]: an oil and gas resource ]: an oil and gas resource ]: an oil and gas resource not bound by or 
conforming to conventional geologic rule or precede nt

• Stubborn rocks (low permeability)Stubborn rocks (low permeability)Stubborn rocks (low permeability)Stubborn rocks (low permeability)
- e.g. tight gas (TG), shale gas (SG)e.g. tight gas (TG), shale gas (SG)e.g. tight gas (TG), shale gas (SG)e.g. tight gas (TG), shale gas (SG)
- require physical stimulation (fracturing)require physical stimulation (fracturing)require physical stimulation (fracturing)require physical stimulation (fracturing)

• Stubborn Stubborn Stubborn Stubborn ““““fluidsfluidsfluidsfluids”””” (high viscosity to solid (high viscosity to solid (high viscosity to solid (high viscosity to solid kerogenkerogenkerogenkerogen))))
- e.g. heavy oil (HO), oil shale (OS)e.g. heavy oil (HO), oil shale (OS)e.g. heavy oil (HO), oil shale (OS)e.g. heavy oil (HO), oil shale (OS)
- require thermal stimulationrequire thermal stimulationrequire thermal stimulationrequire thermal stimulation

�TechnologyTechnologyTechnologyTechnology----leveraged resourcesleveraged resourcesleveraged resourcesleveraged resources
�Stimulation to achieve commercial productionStimulation to achieve commercial productionStimulation to achieve commercial productionStimulation to achieve commercial production



O
il-

E
q

u
iv

al
en

t 
B

ar
re

ls
 (

B
ill

io
n

)*
 

Seeps, Surface Exploration

CDP Seismic
3D Seismic

Deep Water

US Dominated
Exploration

Global
Expansion

Post WWII
Growth

OPEC/
Nationali-

zation

Globali-
zation /
Mergers

DISCOVERED OIL

GAS
DEMAND

OIL
DEMAND

Increased 
Recovery 

New

Disco
veries

DISCOVERED GAS

0

10

20

30

40

50

60

70

80

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

Produced
Oil

Produced
Gas

Single Fold Seismic

Context / Discovery HistoryContext / Discovery HistoryContext / Discovery HistoryContext / Discovery HistoryContext / Discovery HistoryContext / Discovery HistoryContext / Discovery HistoryContext / Discovery History



Context / Global Wildcats and Discoveries >250MBOEContext / Global Wildcats and Discoveries >250MBOEContext / Global Wildcats and Discoveries >250MBOEContext / Global Wildcats and Discoveries >250MBOEContext / Global Wildcats and Discoveries >250MBOEContext / Global Wildcats and Discoveries >250MBOEContext / Global Wildcats and Discoveries >250MBOEContext / Global Wildcats and Discoveries >250MBOE

Data courtesy of IHS, 2006
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Context / Energy Demand to 2030Context / Energy Demand to 2030Context / Energy Demand to 2030Context / Energy Demand to 2030Context / Energy Demand to 2030Context / Energy Demand to 2030Context / Energy Demand to 2030Context / Energy Demand to 2030

• Economic growth Economic growth Economic growth Economic growth 

will drive will drive will drive will drive 

increasing demand increasing demand increasing demand increasing demand 

for energyfor energyfor energyfor energy

• Oil and gas are Oil and gas are Oil and gas are Oil and gas are 

indispensableindispensableindispensableindispensable

– Unconventional oil Unconventional oil Unconventional oil Unconventional oil 

and gas will be and gas will be and gas will be and gas will be 

important important important important 

contributors to contributors to contributors to contributors to 

our energy futureour energy futureour energy futureour energy future

(2009)
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“Peak Gas”?!

(Updated from Fisher, 2002)
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Unconventional Gas / Impact on  U. S. LNG BusinessUnconventional Gas / Impact on  U. S. LNG BusinessUnconventional Gas / Impact on  U. S. LNG BusinessUnconventional Gas / Impact on  U. S. LNG BusinessUnconventional Gas / Impact on  U. S. LNG BusinessUnconventional Gas / Impact on  U. S. LNG BusinessUnconventional Gas / Impact on  U. S. LNG BusinessUnconventional Gas / Impact on  U. S. LNG Business
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Data Source: Wood MacKenzie
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Tight Gas Pore Space

Shale Gas Pore Space

Conventional Gas Pore Space

100 microns

20 microns

50 
nano

meters

Diameter of average human hair is about 100 microns  

Unconventional Gas Challenges / PorosityUnconventional Gas Challenges / PorosityUnconventional Gas Challenges / PorosityUnconventional Gas Challenges / PorosityUnconventional Gas Challenges / PorosityUnconventional Gas Challenges / PorosityUnconventional Gas Challenges / PorosityUnconventional Gas Challenges / Porosity



1.5 mile

Horizontal 
wellbore

Drainage 
area

Frac

Well Pad

1 mile

Approx. 250-300 foot 
deep separation 

between two reservoirs

Unconventional Gas Challenges / ProductionUnconventional Gas Challenges / ProductionUnconventional Gas Challenges / ProductionUnconventional Gas Challenges / ProductionUnconventional Gas Challenges / ProductionUnconventional Gas Challenges / ProductionUnconventional Gas Challenges / ProductionUnconventional Gas Challenges / Production



Marcellus ShaleMarcellus ShaleMarcellus ShaleMarcellus Shale
Industry acreage position: >7.5M acres

• Average well cost: $4.00M
• Average EUR: 4 GCF/well
• Average well spacing: 80 acres

Assume half of the industry acreage might be productive
�~50,000 well locations
�~190 TCF of gas ultimately produced
�$190 billion (for drilling and completions only)

Unconventional Gas Challenges / Level of InvestmentUnconventional Gas Challenges / Level of InvestmentUnconventional Gas Challenges / Level of InvestmentUnconventional Gas Challenges / Level of InvestmentUnconventional Gas Challenges / Level of InvestmentUnconventional Gas Challenges / Level of InvestmentUnconventional Gas Challenges / Level of InvestmentUnconventional Gas Challenges / Level of Investment
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• Old Paradigm
- “Australia gas”
synonymous with 
the NWS or 
Gippsland

- Eastern Australia 
CBM is modest-
sized resource 

- Need to sell CBM 
to local gas 
markets

+ Local gas 
markets are 
saturated

- Gas is too dry, 
ramp-up too long 
for LNG feedstock

•New Paradigm
- Eastern Australia CBM is a very large 
resource

- Look for markets outside Australia

�Export via LNG

Production History
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Barnett Shale Historical Daily ProductionBarnett Shale Historical Daily ProductionBarnett Shale Historical Daily ProductionBarnett Shale Historical Daily Production
(as of 2/2009)(as of 2/2009)(as of 2/2009)(as of 2/2009)
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Cumulative Production:Cumulative Production:Cumulative Production:Cumulative Production:Cumulative Production:Cumulative Production:Cumulative Production:Cumulative Production:
5.1 TCF5.1 TCF5.1 TCF5.1 TCF5.1 TCF5.1 TCF5.1 TCF5.1 TCF

Daily Production:Daily Production:Daily Production:Daily Production:Daily Production:Daily Production:Daily Production:Daily Production:
4.9 GCFPD4.9 GCFPD4.9 GCFPD4.9 GCFPD4.9 GCFPD4.9 GCFPD4.9 GCFPD4.9 GCFPD

Discovery well (vertical, CO 2 ,nitrogen foam frac)
Massive hydraulic fracs

First horizontal well; first 3D seismic
First light sand (slickwater) frac

Refrac Simul-fracs

Emergence of Unconventional Gas / Barnett ShaleEmergence of Unconventional Gas / Barnett ShaleEmergence of Unconventional Gas / Barnett ShaleEmergence of Unconventional Gas / Barnett ShaleEmergence of Unconventional Gas / Barnett ShaleEmergence of Unconventional Gas / Barnett ShaleEmergence of Unconventional Gas / Barnett ShaleEmergence of Unconventional Gas / Barnett Shale

(Data Source: IHS, 2009)
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Emergence of Unconventional Gas / Fayetteville ShaleEmergence of Unconventional Gas / Fayetteville ShaleEmergence of Unconventional Gas / Fayetteville ShaleEmergence of Unconventional Gas / Fayetteville ShaleEmergence of Unconventional Gas / Fayetteville ShaleEmergence of Unconventional Gas / Fayetteville ShaleEmergence of Unconventional Gas / Fayetteville ShaleEmergence of Unconventional Gas / Fayetteville Shale

Cumulative Production:Cumulative Production:Cumulative Production:Cumulative Production:Cumulative Production:Cumulative Production:Cumulative Production:Cumulative Production:

280 GCF280 GCF280 GCF280 GCF280 GCF280 GCF280 GCF280 GCF

Daily Production: Daily Production: Daily Production: Daily Production: Daily Production: Daily Production: Daily Production: Daily Production: 

843 MMCFPD843 MMCFPD843 MMCFPD843 MMCFPD843 MMCFPD843 MMCFPD843 MMCFPD843 MMCFPD
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Operation Operation Operation Operation 
PlowsharePlowsharePlowsharePlowshare

RulisonRulisonRulisonRulison field field field field 
discoverydiscoverydiscoverydiscovery

• Mesaverde tight gas potential 
recognized in early 1950’s (Rulison field 
discovery)

• Massive nuclear and hydraulic fracs
deemed unsuccessful

• Increased drilling activity due to 
increased gas price and advancement 
of frac technology

• Exponential growth in 
production starting in 
1995

• Production has been 
limited by take-away 
capacity and attendant 
low price

Best fit exponential y=1E-210e0.2409x

R2=0.9846

Emergence  of Unconventional Gas / Emergence  of Unconventional Gas / Emergence  of Unconventional Gas / Emergence  of Unconventional Gas / Emergence  of Unconventional Gas / Emergence  of Unconventional Gas / Emergence  of Unconventional Gas / Emergence  of Unconventional Gas / PiceancePiceancePiceancePiceancePiceancePiceancePiceancePiceance BasinBasinBasinBasinBasinBasinBasinBasin



Deepwater / New FrontiersDeepwater / New FrontiersDeepwater / New FrontiersDeepwater / New FrontiersDeepwater / New FrontiersDeepwater / New FrontiersDeepwater / New FrontiersDeepwater / New Frontiers

Ultra deep water

2000-3000 m

Post-salt sediments 

Variable salt thickness

5000-6000 m

Heterogeneous carbonate reservoir

+ variable permeability

Brazil Santos SubBrazil Santos SubBrazil Santos SubBrazil Santos Sub----SaltSaltSaltSalt

TD: 8000 m (>25,000’)

Ultra deep water

1200-3000 m

Post-salt sediments 

Complex salt geometry

5000-7000 m

Turbidite sandstone reservoir

+ low permeability

+ moderate porosity

+ overpressure

Gulf of Mexico Lower TertiaryGulf of Mexico Lower TertiaryGulf of Mexico Lower TertiaryGulf of Mexico Lower Tertiary

TD: 9000 m (<30,000’)

Rugose sea floor



The Pace of Innovation / Water Depth CapabilityThe Pace of Innovation / Water Depth CapabilityThe Pace of Innovation / Water Depth CapabilityThe Pace of Innovation / Water Depth CapabilityThe Pace of Innovation / Water Depth CapabilityThe Pace of Innovation / Water Depth CapabilityThe Pace of Innovation / Water Depth CapabilityThe Pace of Innovation / Water Depth Capability
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Exponential Relationship:

y=3E-73e0.087x

R2 = 0.97

Linear Extrapolation: 
1985 to 2005
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- “Breakthrough”

The Learning CurveThe Learning CurveThe Learning CurveThe Learning CurveThe Learning CurveThe Learning CurveThe Learning CurveThe Learning Curve

• Exponential, Exponential, Exponential, Exponential, 
accelerating growthaccelerating growthaccelerating growthaccelerating growth

• Succession of SSuccession of SSuccession of SSuccession of S----curvescurvescurvescurves
– Each succeeding
curve has shorter
base, longer ramp 

(data from Intel, 2007)
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• “Materiality” - Large opportunities available

• “Security” - In politically stable countries

• “Optionality” - “Piloting”, development pace allow for significant 

reaction to learning and changing market conditions 

• “Sustainability” - Scope for multi-decade production profiles

• “Commercial Viability” - Opportunities exist in countries importing gas, 

offering existing infrastructure, attractive fiscal terms 

and favorable business environment / outlook 

+ Favorable early entry & lease holding costs, 
modest entry work program requirements

• “Technology” - Technology is a key value lever
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US Onshore Gas Rig Count
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Data Source:  Baker Hughes

OutlookOutlookOutlookOutlook

• A A A A ““““breatherbreatherbreatherbreather”””” followed by continued followed by continued followed by continued followed by continued 
production growth in North America and production growth in North America and production growth in North America and production growth in North America and 
beyondbeyondbeyondbeyond
– Unconventional gas will be competitive 

with imported or other new indigenous 
conventional sources of gas

– Will provide material, strategically 
important resource

• Continued growth of global resource Continued growth of global resource Continued growth of global resource Continued growth of global resource 
base of unconventional gasbase of unconventional gasbase of unconventional gasbase of unconventional gas

Key ChallengesKey ChallengesKey ChallengesKey Challenges

• Develop a predictive understanding of Develop a predictive understanding of Develop a predictive understanding of Develop a predictive understanding of 
subsurface controlssubsurface controlssubsurface controlssubsurface controls
– ““““Rock revivalRock revivalRock revivalRock revival””””
– Focus on fundamental scienceFocus on fundamental scienceFocus on fundamental scienceFocus on fundamental science

• Innovate new technologies for detection, Innovate new technologies for detection, Innovate new technologies for detection, Innovate new technologies for detection, 
drilling, stimulation, enhanced recovery drilling, stimulation, enhanced recovery drilling, stimulation, enhanced recovery drilling, stimulation, enhanced recovery 
and water controland water controland water controland water control

• Reduce surface footprint and water Reduce surface footprint and water Reduce surface footprint and water Reduce surface footprint and water 
demanddemanddemanddemand

U.S. Natural Gas Wellhead Price
(Dollars per Thousand Cubic Feet in 2009 $)
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“The conventional view serves to 
protect us from the painful job of 

thinking.”
John Kenneth Galbraith

Grateful Acknowledgements to the                                team 
pursuing Unconventional Resources
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