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Where are they?
The resource-potential (Natural Gas and Liquids)

How are they different from typical North American
operations?

Shale Plays = Gas from shales

Shales with liquids
Oil Shales
Scale of Resource and future impact
(Unconventional vs. Conventional)
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48 Basins in 32 Countries exclusive of FSU and Middle East

Source: Advanced Resources Int’l for the EIA , April 2011
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COUNTRY SHALE FORMATION AGE %TOC | Thickness (m)
Argentina Los Molles & Vacas Muerta Jur-K [ 1.6-5.0| upto 1,200
Brazil Pimenteiras Dev. 2.5-6.0 400
Colombia LaLuna K 3.1 800
China Ordos Basin / Permian Basin [Permian| 2.0-5.0 250
Indonesia Lahat Eocene |1.7-16.0 150
Australia Carynginia Permian|2.0-11.0 15-350
Oman, UAE Qusaiba Hot Shale Silurian
Saudi Arabia Rub Al Khali Basin 4.0-12.0 20-70
Jordan Mudawwara Ord-Sil. | 4.0-7.0 50-1,500
Syria Tanf Silurian | 2.0-8.0 up to 530
Algeria Frasnian Shale Dev. [8.0-14.0 120-200
" |South Africa & Botswana [Ecca Permian| 0.7-1.3 46
|Turkey Hamitabat Eocene | 1.0-7.0 50-350

Source: Hart Energy March 2011, others
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“Technically recoverable shale
gas resource in 48 basins outside
Russia and Middle East

@ 5,760 TCF *
(Global gas consumption currently @ 115 TCF)

LiguidsysResource estimate @ ?

——

Source: Advanced Resources International study for EIA — April 5, 2011




Middle East

Eurasia

Asia

Africa 6,675 trillion cubic feet

MNorth Amenca

Central and-
South America

Eump&F 152
0

Shale Gas could double global gas reserves

Source: Oil & Gas Journal
EIA International Energy Outlook 2011




Global resource estimate of approximately
3 Trillien barrels of shale oil in place

with 1 Trillion barrels technically recoverable.
(commercial shales @100-200 litres oil/tonne)

USA (Green River Basin)
and Brazil = 87% totalresource
_'Ke'rogen (ot crude oil)

Sources: NPC 2007, USGS 2005, DOE 2004,
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Other Americas -23?
OECD Americas - 206

Africa - 124 World total:

1,471 billion barrels

Non-OECD Europe/Eurasia . 100
Asia |4u
OECD Europe | 11

0 200 400 600

Shale oil and oil from shales could double global oil reserves

Source: Oil and Gas Journal (quoted by EIA)




Shale Plays outside North America
Are Emerging in a Totally Different Macro-Environment

= Mineral ownership
= Regulatory Environment
= |nfrastructure

seompetitiontwith Conventional.Reseurces
"N Commodityprcesstiuctuedfomnamtial gas
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Regulatory’ Envirenment

Resource plays are different vs. Conventional
I.e. - area of a typical petroleum license.
regional vs. structural controls ...
(How define production license area and relinguishiments?)
Hydraulic fracturing requirements
(public resistance —Quebec, France, Bulgaria)
Production profile ( 80% decline)
Resenves (more complex to define for a preduction license)

~ Petreleum laws mustibe revised (i.e. Colomislie))
T

Result: plays are slower to permit'and develop
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- Natural"Gas commodity Price
< $20/mmbtu (as LNG) internationally
VS.
$2.30-$2.50/mmbtu intUSA

Ergo: shialexgasyplays AENVER MPOrtantss

W("..and gas shales produce liquids!)




Every Seource Rock
—="aResource play with horizontal drilling and
Hydro-fracturing technologies

Barrier: Fracking technology not available
Halliburton there But where are:

Suppliers and infrastructure (trucks, compression, et
cetera) formillions of gallonsyeiiWater, milliens.of. =
poundsieigErac, Sand2adi@ined hands?

= A slower pace than in the USA




When Exploring for Liquids — Keep this Chart in Mind!

ZONES OF PETROLEUM
GENERATION AND DESTRUCTION

ORGANIC MATTER TYPE
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CORRELATION OF VARIOUS MATURATION INDICES AND
ZOMNES OF PETROLEUM GENERATION AND DESTRUCTION




Corpus Christi

Same approach internationally to define
gas prone vs liquid prone areas
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~ Shale Plays include:
Repsol YPF, Total, ExxonMobil,
EOG Resources, Apache,
Andes Energy and other local
Independents

NEUQUEN BASIN

Best wells in Neuquen Basin
@ 300-400 BOPD 35-45° API
(These are vertical wells to date.)
Resource estimate of 22.8 billion barrels
in place in Vaca Muerta Fm.
of which 150 MMBO
est. proved to date.




Neuquén Basin
Vaca Muerta Fm (Late Jurassic)

; .|='~"-"-'"L'-=-L-'~1'"-'-'""L Organic-rich facies developed in a backarc marine
- o UL WL 2 pai - =
R embayment, under anoxic conditions, in tune with the

B o o Jurassic-Cretaceous ups and downs of eustasy
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TOC: 3-8%

Kerogen Type: U, locally restricted type [I-S facies in
marginal areas

VKA: high-quality amorphous

Source Quality/Maturity. extremely prolific, world-class source rock for liquid hydrocarbons;
gas and condensate accumulations related to a well developed hydrocarbon kitchen

Thickness: 25 1o 450 m

Legarreta, L, and Villar, H.,
AAPG Search & Discovery, Nov., 2011




Colombia has World-Class Source Rock!
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Late Cenomanian-Turonian paleogeography
of NW South America. La Luna / Cansonna
deposition in purple and blue.

From Villamil, 2003, AAPG
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Potential Shale Gas Resource @ 1 Trillion me

(Reduced from original EIA estimate of 5.3 Tcm)

Why strategically important for Poland?

Gas from Russia @ $14.16/mmbtu in February!
Poland must reduce its GHG emissions

Active Players:
R PolishrPetroleum and Gas Minging Co. (PGNIG)

s

PNK GrERNE GVl Chevien, ConocoPhillips
Marathon, BNK Petroleum, SamlLeon
Talisman Energy
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POLAND PROJECTS
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Drilled Wytowno #1 well <

Drilled Lebork S-1 well

Stimulated well in 4th gtr 2011
without placing enough proppant.
No Effective Test - Restimulation 2012
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% Alum is the shale interval in the Cambrian formation




POLISH THERMAL MATURITY

Thermal Maturity of Lower Silurian and Ordovician

~ 20
T

Thermal Maturity
Ordovician and Lower Silurian
Thermal Maturity Contour (%YRa)
«  Sazponis Walls (BMK)
*  Lane (Conoce) Well
[ ] moiana concession

3 Soponis Concessons
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PARIS BASIN
| e . /7 ~ Paris Basin
Up to 20m Jurassic
Age Shale with

3.0-5.5% TOC

Active Companies
Total, Toreador, Hess,
Vermillion Energy,
Continental Resources

S—

Moratorium on
Hydraulic
Fracturing!

Bessereau et al, 1996
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GLLOBAL LIQUIIDS,GROWIIH BY REGION
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Non-OECD

Asia
QECD
Middle East

Other
Non-OECD

'1990 2000 2008 2015 20202025 '2030'2035'

Source: EIA International Energy Outlook 2011




GLOBAL NATURAL GAS GROW“H BY: REGION
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Source: EIA International Energy Outlook 2011




2008 2010 2015 2025
MMBO/day 0.1 15 22 37

Source: CAPP
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Figure 30. Unconventional liquids production
by fuel type, 2008 and 2035 (million barrels per day)

Oil sands/bitumen

Biofuels

Conventional oil
From shales ?

Coal-to-liquids

Extra-heavy ol
IHS Projects increase in
Gas-to-liquids USA from 1 MMBO/day in
204l ter STIVIIVIBIO/ A 2NN 20HE

Shale ail

Source: EIA International Energy Outlook 2011



= Small % of Global Supply
= Slow Growth

The Incremental Barrel of Supply
- Sets The Global $ Oil Price
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~while not significant globally,
are, and will be, very important
for net importers like
the USA, China, and EU.
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