Oil & Gas Production
The Future iIs Bright
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Where | Am Coming From:

————

Oil & Gas Background
Geologist & Geophysicist
Enhanced Recovery
Technological Approach

Energy is the Basis of

Civilization

Resource Is Adequate
Insufficient Investment
Geopolitical Questions

Can Provide Energy &
Protect the Environment

Hydrocarbons Are Our
MajOr Energy Source “Yol Everyone down therel This Is the jackall 'm

Through the Middle of this [Psphtaihiire i
Centu ry with everyone?...1 don't want froublel”




A Barrel of Crude Provides:

Gasoline - 19.5 gallons
One Barrel =

42 gallons Fuel Oil - 9.2 gallons

Jet Fuel - 4.1 gallons
Asphalt - 2.3 gallons

Kerosene - 0.2 gallons

Lubricants - 0.5 gallons

Petrochemicals,
other products - 6.2 gallons

American Petroleum Institute,
1999



Overview

Resource
Forecast and Price Trends
Changes in H/C Ratio
Future 1s NOT a Bell Curve

Future Production
Requires Investment

Technology and People
Investment

Geopolitics (Access)
Environment



Crude oll prices since 1861
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U.S. Primary Energy Consumption by Fuel, 1960-2030
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U.S. Primary Energy Consumption by Fuel, 1960-2030
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Energy Usage: 1750-2000

An Energy Dependent Civilization i7?
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Moving Greater H/C Energy Systems

RATIO OF HYDROGEN (H) TO CARBON (C)
FOR GLOBAL PRIMARY ENERGY CONSUMPTION
SINCE 1860 & PROJECTIONS FOR THE FUTURE
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Projected World Oil Supplies

Est. ultimale ——4
oll production

. |

2,000 Bbo

2075

_lo
2100

Fig. 4. World crude production history and forecast for two ukimate reserve levels vs. werld population ncrease.

Originzl, Hubbart 1979; revisad, lvanhce 198€; statstics, D &M 1

983; population, NGS 1984,




Projected World Oil Supplies

World liquids production: ultimate 2000 Gb
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Projected World Energy Supplies
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US Proved Reserves
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Proved oll reserves at end 2004

housand million barrels ,
Middle East
7339

Europe &

5, & Cent, _ Eurasia
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Asia Pacific




OIl Reserves-to-Production (R/P) Ratios

World 2004 by area
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The world's oil reserves-to-production ratio fell to 40.5 years in 2004, down from
43.3 in 2002, Reserves have continued to increase and now stand 17% above the
1994 level; production is 20% higher.

BP Statistical Review of Energy, 2005



Proved natural gas reserves at end 2004

rillion cubic metres
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Natural Gas Reserves-to-Production

World 2004 by area
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The world's gas reserves-to-production (R/P) ratio declined to 66.7 years in 2004, but
remains well above the oil R/P ratio. Gas reserves are 26% higher than the 1994 |evel;
production is 28% higher.

BP Statistical Review of Energy, 2005



Oil and Gas Requires Investment

Oil and Gas A

Demand _ Production

J

Existing
Production

1990 2000 2010
MBDOE = Million Barrels per Day Oil Equivalent

Catch — About 50% of the daily volume in 10 years is not online.
At present, requires approximately $100 billion a year.




OIl Refinery Utilization

Percentage
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World refinery throughputs increased sharply in 2004 in resEﬂnse to very strong
demand growth. The largest increases were in Asia Pacific, Europe and Eurasia, and

South and Central America. As a result, global average refinery utilization increased
to 87%, the highest level for at least 25 years.

BP Statistical Review of Energy, 2005



Reqguirements to Meet Demand

Today, 1.6 billion people —
one quarter of the world
population have no
access to electricity.

In 2030, 1.4 billion people
17% of the world
population will still not
have electricity.

2.4 Dbillion people rely on
traditional biomass —
wood, agricultural
residues and dung — for
cooking and heating.

Evolution of Technology
Available Expertise

Geopolitics
- Access

- Investment Climate

Price



Technical Challenges

WHO estimates that 2.5
million women and young
children die prematurely
each year from fumes
from biomass stoves.
Shifting to LPG reduces
health risk by > 100

In sub-Saharan Africa only
half the population has
access to an improved
water source (energy for
pumps and purification)

In India, up to seven hours a
day are devoted to
collecting fuel for cooking.



Energy Production is High-Tech Science

Multiple Discipline Professionals evaluate

“Mountains” of data to maximize reservoir

recovery.

The extraction process is based primarily on
management of the pressure and fluids _ : . 4
placement of wells to maximize efficiency. Jed Clampett also does not exist

Historically,

Traditional “pumping” technologies extracted 20
percent of hydrocarbons in a reservoir

New Computer Models and technologies
Improve recovery to greater than 35 percent
(75% Goal).

This Science Continues to Improve with new
breakthroughs




Petroleum Technology Breakthroughs

1883
1900s
1914
1924
1930s
1960s
1970s

1980s
1990s

1990-2000s

2000s

Anticlinal Theory
Rotary Drilling
Seismograph
Well Logging
Offshore Drilling
Digital Computer

Directional
Drilling

3D Seismic

3D Simulation
4-D Seismic
Reservoir
Creation

Immersive
Image Viewing /
Network

Concept of ‘Where-to-Drill’

Drill deeper

1D Subsurface imaging

Subsurface rock and fluid properties
Access to new areas and basins

2D Subsurface imaging data

Cost efficient reservoir management

More precise subsurface imaging

Predicting fluid movement

Heavy Oil (SAGD), Tight Gas, Shale Gas, Coalbed
Methane, CO2 Flooding

Multi-discipline collaboration, Improved time to
decision, success rate, risk assessment, ROI



Data Models for Energy Recovery

Data Models are collected
utilizing seismic readings.
Computer Models are put in

place to view these
readings in a 3D Model

Data is collected over time
Intervals for a 4D view of
the data and changes over
time

Data sets are in Terabyte
range with future
projections in Petabyte
range as information
Improves




Key Technologies
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Ultra-Deep Water
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Oil Sands - In Situ Deposits

80% of resource In
Situ
too deep to mine

current In situ
production of 325,000
b/d bitumen + diluent
for pipeline

new technology

developments:

cyclic steam stimulation

Steam Assisted Gravity
drainage (SAGD)

VAPEX, MSAR

SAGD Process

Oil Production _

Steam Injection
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Oil Sand Cost Trends

Revolutionary
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Environmental Impact
Tarr Farm, Pennsylvania
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Atmospheric Concentration of CO,,
1000 Year History
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CO, Emissions — Real Issue

Figure 1. Regional Carbon Emissions - Reference Case
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Geopolitical Decision:
Restricted Access to Gas Resource Base

Restricted 43

Percentage %

Approximately 29 trillion cubic feet (TCF) of the Rockies gas resources are closed to
development and 108 TCF are available with restrictions.




Urban Legends (Energy)

CONVENTIONAL OIL & GAS
NEAR A PEAK

TAR SANDS AND OTHER
UNCONVENTIONAL
RESOURCES ARE TOO DIRTY
R, OR COSTLY TO BE PRODUCED
bl okt T ENERGY OUTPUT FROM

not-too-distant future your gas bills

g il make you scream ETHANOL IS NEGATIVE

EVIRONMENTAL IMPACT FROM
OIL AND GAS PRODUCTION
AND USE CAN NOT BE
MITIGATED

EASY OIL IS GONE, COSTS ARE
RISING

GEOLOGISTS ARE YOUNG AND
HANDSOME
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