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Hydrocarbon Resource Triangle
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Improved technology



North America Shale Plays

LoweR
i BESA RIVER
LR = g EMBRTMENT
) BASIN BsHAN -
‘ OTTER PARK

HORN-—""
CONSULTING PARTNERS ShEd

W
!/ PEACE RIVER
—
[ sasms " MO el ARCH )
AS P DoI6—" " / : SWAN HILLS
— o ) 7/ BEAVERHILL LAKE
- OIL/LIQUIDS PLAYS ——— \ ./vsmsm
MRDIUM: ” gnnuP -
PEMBINATT

L .., GOLORADO
CARDIUM \ Caiil
GLAUCONTTE SLCNE

/ D;}EHNAV \ /

LOWER
.~ SHAUNAVON

b™ HORTON
BLUFF

UTICA~_

EXTENDED
- MISSISSIPPIAN
CORE
MISSISSIPPIAN
P
P

WONTEREY

Santa Maria,
Ventura,

Los Angeles
Basins

CAMP — ; HAYNESWILLE-
WOLFCAMP it

http://pacwestcp.com/

C. Ehlig-Economides — SPEE Luncheon Presentation February 4, 2015 — Has Unconventional Become Conventional?



World Unconventional Gas

http://pacwestcp.com/
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A World of Oil

Ellj\/rlcli/lpbelgl y Former Soviet Union:
- s/day 9.0 MMbbls/day
North America: 18.3 Billion bbls 79 Billion bbls

50 Billion bbls i 22 Billion bbls

2805 billion bbls

| Oil & Gas Resdices of the World |-

\
R
\ Asia:
8 MMbbls/day
! 38.7 Billion bbls
South America: Africa: Middle East:
6.9 MMbbls/day 8.1 MMbbls/day 22.5 MMbbls/day
98.5 Billion bbls 77 .4 Billion bbls 685 Billion bbls
2174Billion bbls 184Billion bbls 470 Billion bbls
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Production and Price

Top Producing Countries, 1960-2006
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Source: Us DOE, Energy Information Administration
Annual Energy Review 2006
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Production and Price

Saudi Arabia
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Source: eia.doe.gov
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Geopolitics and Oil Price

Crude oil prices 1861-2013

S dollars per barrel
World events
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Fears of shortage in US
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Permeability (mD)

Permeability and Volume
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Post 2006: Shale Matrix
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Fossil and Geothermal Energy
Sources

Oil and Natural Gas Coal Geothermal Energy
r Contour Hot water
_strip mining :

Floating ol drilling

Oil storage
platform —

=

Qil drilling
platform
on legs

http://geosurvey.state.co.us/energy/Coal/Pages/CoalHowdoesitform.aspx
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Clastic Depositional Systems
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Modified from Hentz and others, 1997

C. Ehlig-Economides — SPEE Luncheon Presentation February 4, 2015 — Has Unconventional Become Conventional?



Carbonate Deposition

Evaporites Shelf Slope Basin
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Shale Deposition
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Guillermo Rocha, P. G. / Brooklyn College Geology Department http://academic.brooklyn.cuny.edu/geology/grocha/monument/shale.html



Wolfcamp Depositional Model

[] Platterm carbonate [] Land

[l shelf Edge carbanate [T clastic petrital E(Ei Pelagic Sediments

[} siope sediments & Reef Talus || Fluvial - Deltaic _~~ ilt Cloud in Suspension
[[] carbonate Debris Fiows [[] petta Anaerobic Zone

. Carbonate Gravity Flaws |:| Elastic Slope Sediments D {Organic-rich Sediments)

[ ] Basinal sediments

. Clastic Gravity Flows

_____

______

Schematic Block Diagram of
Waolfcamp Facies
In Midland Basin

Simultaneous deposition of organic-rich carbonate

and clastic sediments in an anaerobic basin results in

hydrocarbon-rich, interbedded, conventional
and unconventional reservoirs

34

Pioneer Natural Resources Investor Presentation
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Wolfcamp as a Source Rock

i DELAWARE BASIN CENTRAL BASIN MIDLAND BASIN
PLATFORM o

— s Source “Kitchens”
| e | o | | |\ Now Unconventional Resource Plays

Source: http://www.sec.gov/Archives/edgar/data/1405073/000119312513141665/d516183dex991.htm
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Qualitative
Well Concepts
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Quantitative Well Design Criteria
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Operational Challenge

b = 2000 ft
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« Hydraulic fracture planes propagate

perpendicular to minimum stress
independent of the horizontal well
direction.

» QOperators frequently drill horizontal wells
In other directions.

SPE 170965MS « Optimal Hydraulic Fracture Angle in Productivity Maximized Shale Well Design « Nadav Sorek



DMG Outcrop

o ~15%
S, ~ 20%
S, ~ 50%
k ~ 10 md

Organic-rich

d» ~5%

S, ~20%

S,, ~ 60%

k ~0.01 md
TOC up to 46%

__-‘
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EIA US Production Forecasts

million barrels per day

History 2012 Projections
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Reality Check: Oil price > $110/STB and rising
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EIA on Oil Price Impact
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Natural Gas Supply
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Natural Gas Emerging Markets

* Electricity Generation

» Petrochemical feedstock
* Transportation

 LNG export

« Condensate export
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Football Question

How much pressure will the football lose when inflated at 70 °F and in play at 35 °F?
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