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=2USGS USGS World Petroleum

B A ssessment 2000

& USGSWorld Energy Project—DDS-60,
4CDs, 32,000 pages—Estimates of
Undiscovered & Field Growth; Ancillary
Data—Gas Composition, Drilling &
Water Depths

* Perspectives--onsnore, offshore, OPEC /
OECD, Peaking Soon?, North America
Gas

= Modeling (Added Value, Arctic,
Climate)

= New Geologic Insights

@ Increasing Role of Unconventional &
Renewable Resour ces

& Summary
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WPA 2000 --New estimate of future world oil and gas resour ces-
30 year time frame (1995-2025)—Not Ultimate, 1% time, 32,000
pages, documentation

Reserve (Field) Growth Estimates for the World (30 Y ear
Forecast)-1 Time

Geologically Based Estimates using Total Petroleum Systems
(Fluids not just rocks)—1% time

Extensive M ethodology Review and Endorsement (AAPG, NAS)
5 year project (1995-2000), 41 Employees (100 man year),
transpar ency of methodol ogy

World Energy Consortium—38 or ganizations

It Isa benchmark—used in |EA World Energy Outlook 2000,
2001; EIA, International Energy Outlook 2001, 2002,Stanford,
MIT, PEW Climate Reference

All Infor mation is Digital (DDS-60, 4 CDs, 9 other CDs on
regional geology-- 70,000 distributed), 170 publications

Website (http://ener gy.usgs.gov)--1.2 million hits/10 mo.
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Major Suppliers of Oll to the U.S.
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The Evolving Energy Mix
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U.S. Energy Production

By Fossil Fuels, Nuclear Electric Power, and Renewable Energy, 1949 - 2000
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By Source, 2000
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Gas Oil" Electric Waste2 eléectric and Other®
Power Power3

1 Includes lease condensate. 5 Solar and wind.

2 Includes ethanol blended into motor gasoline. (s) = Less than 0.5 quadrillion Btu.
3 Conventional and pumped-storage hydroelectric power.
4 Natural gas plant liquids.

EIA, 2001




Top 20 Producers of Liquid Petroleum
(Crude Oil and Natural Gas Liquids)

Year 2000 production in million barrels per day
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science fora changing world World Petroleum Assesament 2000

Assessed Geologic Provinces

1 Former Soviet Union

2 Middle East and North Africa

3 Asia Pacific

4 Europe Assessed geologic province
5 North America

6 Central and South America

7 Sub-Saharan Africa and Antarctica

8 South Asia
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smwsse= THE VOCABULARY OF

RESOURCE ASSESSMENT:

Cumulative production
Reserves

Reserve growth
Undiscovered resources

Conventional
Unconventional (continuous)




% USGS USGS World Petroleum Assessment 2000

science for a changing world

OIL (128 World Provinces & U.S., Means Billion barrels) EFF. 1/L/96

3,021
000 B Undiscovered
2500 732 Conventional
O Reserve Growth
2000 .
o b33 (Conventional)
21500 : 0 Remaining
1000 891 Reserves
B Cumulative
500
0 Production
0

Total Endow.  Remaining  Discovered
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GAS (128 World Provinces & U.S., Means Billion barrels oil equivalent
[BBOE]) EFF. 1/1/96
)00 2,967 2,275(88%) 1,701(66.3%)
’ B Undiscovered
2000 Conventional
00 Reserve Growth
w 1500 (Conventional)
o
. 0 Remaining
= 1000° Reserves
500 | 0 Cumulat.ive
Production
11.39%%
0 » |
Gas Endow. Remaining  Discovered
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NGL-324 NGL-317 NGL-117




ZUSGS Critiques

m Oilcrisis.com (Campbell, LaHerrere, and Duncan) and
dieoff.com (I don’t advise going to this site) view us
unfavorably although LaHerrere partially agrees

m Strong endorsement from AAPG (“leveled the playing
field”), trade journals, research groups

m |EA Paris 2001: “The most authoritative source of data on

global oil and gas resources including both proven reserves
and undiscovered resources, is the USGS World Petroleum
Assessment 2000.”

m Cavallo (2002), DOE, “USGS WPA 2000 is certainly the
best such evaluation that exists to date.....The depth and
breadth of this work indicates that these estimates should be
the reference values used to understand the future of the
petroleum industry.”




=R The Coming Oil Crisis?

@ *..thepeak of production will soon be
passed—possibly within three years—
Dave White, Chief Geologist, USGS,
1919

@ “the peak of production will be reached
In 1989, Campbell, 1989; prior to
2000" —Campbell, 1994; Duncan,
1997;“In 2004” —Campbeéll, 1997; “In
2010” , Campbell, 2000--subsequently
very dire consequences—most people
die, wereturn to caves-- “ Olduval
Theory”
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The Olduval Theory of Industrial Civilization by R.C. Duncan (1997)

As posted on ailcrisis.com




CRUDE OIL PRICE 1987 $

Iran production suspended

EXPERT ESTIMATES OF WORLD ULTIMATE OIL RECOVERY

FIG.A $ bbl Oplgl Iranilrag war

M. Sea production exceeds 1 BBO/YR
ED o End of T Sister Contrel Opec agrees quotas

80 - USSR & China exports exceed 1.3 BBO/YR
This study M
40 - | A Anticipated price leap from increased
L — — —. perception of reservas, lallin% non

30 ] Middle-East production, and falling
N I exports, esp. USSR,

x Qil company 20 - ’J——— Increasing probability
@ Other expert 10 -

1950 1960 1970 1980 1990 2000 1940 1950 1960 1970  19BD 1990 2000 2010 2020
s

Any short term
CONVENTIONAL OIL ONLY | inc‘ﬁease steepens

Ignores: subsequent decline

"Unconventional" enhanced Campbell, 1989 NORTH AMERICA
recovery

Tar sands
Qil shales
Gas liquification advances

GIANT DISCOVERIES 400 FIELDS >0.5 BBO

&

ection of Depletion
Remaining Oil at
Present Rate

KU
TRA AIT —— M. EAST

1900 1920 1940 1960 1980 2000 . [} saupi ARABIA

TREND HERALDS END OF GIANT DISCOVERIES-- 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020 2030
50% of all discovered to date came from GIANT FIELDS OIL PRODUCTION




Crude oil prices since 1861

‘World events

Growth of Venezuelan production Loss of Iranian supplies Suez Metback pricing introduced
S— — crisis —_—
Penn- Russian Discovery of Fears of Post-war Iranian revolution Irag
sylvanian ol exports Spindletop, shortage reGon- imvaded

ail beam begin Texas inU3A struction Yam Kippur war K uwiait

100
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M& e et ——
1861-69 1870-79 1880-89 189059 1900-09 1910-19 1920-23 1930-38 1540-48 1950-59 1560-89 1570-79 1980-88  1990-2000

B 5 money of the day W $ 2000 1861-1944 US average.
1945-1985 Arabian Light posted at Ras Tanura.
1986-2000 Brent spot.




Trends in Finding & Developing Costs,
Three-Year Moving Averages, 1979-1981 to 1997-1999

US Offshore
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IEA, EIA, 2001



Trends in Oil and Gas Well Drilling and Success Ratio
For The World

I I

1977 1980 1985 1990 1995 1999

B Total dry Total gas Total ol

IEA EIA, 2001
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Logistic growth curves of cumulative production
and their derivatives which give the rates of production

(Hubbert, 1959)

-_QO

TIME TIME
(a) (b)

(a) single-cycle curve (b) multiple-cycle curve




Barrels of Qil PerYear

Barrels of Qil Per Year

PRODUCTION

Hubbert Curve-—-peak production
marks midpoint of depletion

Present —

50%

PLATEAU CONCEPT

Present —

Addiions to Inventory as
MNeaded. Through investment

Initial Development 20-25%  Plateau Production
3-5 Years 6-10Years or Longer
E.G. North Sea
PV -~ 20-25Years

Depletion




Increasing Proved Oil & NGL
Reserve Estimates

m |HS Energy
m OPEC
= World Energy Council
m Oil and Gas Journal
= World Oll
m USGS 2000/
IHS DATA
m Campbell 2000
m Campbell 1988

1,100 BBO 12/2000
1,0/8 BBO 12/2000
1,051 BBO 12/1999
1,028 BBO 12/2000
1,003 BBO 12/2000

960 BBO 12/1995
845 BBO 12/2000
/25 BBO 12/1988




Oil proved reserves
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Oil proved reserves at end 2000
(billion barrels)




Major oil trade movements
Trade flows worldwide (million barrels of oil*)

USA

Canada

Mexico

S. & Cent. America
Europe

Former Soviet Union
Middle East

Africa

Asia Pacific

*based on average 33API




WORLD'S OIL (& LIQUIDS) AND GAS ULTIMATES

: l J [ :
4 CONVENTIONAL OIL (TRILLION BARRELS)

— 4 WITH UNCONVENTIONAL OIL SHELL, 2001
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=1he World Oil

& Currently Consuming about 28 BBO / Y ear

& Remaining Reserves ~891 BBO (1/1/96), 1,100
BBO asof 1/1/2001)—I ncr ease of 15%

@ Differing Views
# In 1989, C.J. Campbell predicted peakingin 1989, in

1994 predicted within 5 years (before 2,000); with a
total endowment of ~1,800 BBO

# In 2000, USGS estimated an oil endowment of ~3,
000 BBO, and DOE/EIA using thisdata predicted
peaking in ~2036; Revised to 2015-2020 for Non-
OPEC (Cavallo, 2002)

& World Petroleum Reservesare at all time high

& OIl and Gas Discoveries have both increased in the
90's
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OR Is it World Gas?

& Much less utilized worldwide than oil (11%
produced vs. 23% for oil)

& LNG and GTL technology make it
Increasingly viable—The Natural Gas

Revolution
@ Environmental benefits or detriments

@ The conventional / unconventional
linkage—news on gas hydrates

& Whereisit, 1sit economic, and in what time
frame?




Proved reserves
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BP 2001




Gas proved reserves at end 2000
Trillion cubic metres

& North America




Major gas trade movements
Trade flows worldwide (billion cubic metres)

USA

Canada

Mexico

S. & Cent. America

Europe

Former Soviet Union

Middle East

Africa —  Natural gas
Asia Pacific —) LNG




USGS 2000 Gas endowment (graduated red
color) of assessed provinces superimposed

over‘Earth at Night” Image




=USGS sGSs World Petroleum
A ssessment 2000

m Undiscovered Petroleum (Mastersvs
World w/US. +9.5% at M ean) 1650
BBOE vs 1805 BBOE
— Undiscovered Oil (732BB; +24%)

— Undiscovered Gas (5196T CF or 866 BBOE; -
10%)

— Undiscovered NGL (207 BBOE; +104%)

—W/O U.S. (+5% at M ean)
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Comparison of USGS Mean Undiscovered Oil
by Region (excluding U.S.)

B 1994 Mean Ol
B 2000 Mean Ol

Mid.E

&N.Afr. (2)
Pacific (3)
Europe (4)
Antarc. (7)
S. Asia (8)
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USGS World Petroleum Assessment 2000
Undiscovered Oil by Region
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Comparison of USGS Mean Undiscovered Gas
by Region (excluding U.S.)

M 1994 Mean Gas

B 2000 Mean Gas

&N.Afr. (2)
Pacific (3)
Europe (4)
Antarc. (7)
S. Asia (8)
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USGS World Petroleum Assessment 2000
Undiscovered Gas by Region

W Offshore
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Former Mid.E. Asia  Europe N.Am. Cent.& S.Afr.& South
Sov.Un. &N.Afr. Pacific S.Am. Antarc. Asia
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Possible Changes in Organization Share of Gas
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The Wild Card: Reserve Growth

Definition: Reserve growth is the observed increase Iin
reserves for a particular field over time. That is, the initial
estimates of reserves in many fields is lower than the
ultimate volume of oil produced from that field.

Causes of reserve growth:

eConservative initial estimates (SEC requirements,
corporate psychology)

*Exploration technology (e.qg., 3-D, 4-D seismic)

Drilling technology (horizontal, multilateral, directional)

*Production technology (enhanced oil recovery)




Giant Oil Fields of the World (> 500 MMBO,
excl. U.S.A. and Canada), 1981 to 1996

32,876

TOTAL VOLUME IN1996 = 777,015 MMBO
TOTAL VOLUME IN1981 = 616,630 MMBO
POSITIVE CHANGE =142 FIELDS
NEGATIVE CHANGE =27 FIELDS
UNCHANGED =17 FIELDS

NET CHANGE = 160,385 MMBO

15-YR CHANGE FACTOR =1.260
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DECREASING FIELD SIZE
Source: Petroconsultants database (1991 through 1996)




Relative Amount of Field Growth in Giant Oil
Fields (Excl. U.S. and Canada)

Non-OPEC

16

PERCENT INCREASE IN OIL VOLUME

10 BBO 13
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USGS Source: Petroconsultants database (1991 through 1996)
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Reserve Growth Summary

m In U.S. hasaccounted for 85% of all
reserve additionsin last 15 years

m First time assessed for world

m Nearly as much as Undiscovered
conventional resources (World & U.S)

— OIil Reserve Growth (688 BB)

— Natural Gas Reserve Growth (3660 TCF;
610 BBOE)

— NGL Reserve Growth (42 BB)
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North America Gas Supply
| SSues

m USGS reduced gas resource estimates in
Southern Canada by order of magnitude, all
subseguent estimates lower, where will the

10 TCF/yr for US come from? Canadian
meeting 4/2002, Special Publication

m Burgos Basin, Mexico gas— supported
study in progress—the 100 TCF dream?

m US hasreal gas supply problems on both
borders




Natural Gas Imports & Exports,
1999 (BCF)

Algeria

E

Australia

Trinidad and Tobago

United Arab
Emirates

.




Natural Gas Imports & Exports,
2001 (BCF)
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Estimates for Undiscovered Recoverable Gas
In the Western Canada Sedimentary Basin

Committee, 1997

Canadian National Energy 176
Board, 1999

U.S. Geological Survey, .
o 15.6

25 50 75 100 125 150 175 200
Trillion Cubic Feet of Gas
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Why are the estimates different? J

|
20g Urvey,

®Different areas assessed
®In-place versus recoverable

Different definition of recoverable
@Unconventional included or not

Different definition of unconventional
@Associated/dissolved gas assessed or not
@Pool grown assessed or not
®Different minimum pool size
#Different hypotheses about the geology
#Different methodologies
@ Different assumption about pool size distributions




WPA 2000 Analyses Challenge

Conventional Wisdom of
Petroleum Resources




Total Petroleum System Processes
(Includes Undiscovered Resources)
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Total Petroleum System (TPS)
Analysis Provided New

Opportunitiesfor Areas
Considered Mature
Example: Trias Ghadames
Province, Algeria
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Mediterranean
Sea
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Tanezzuft-Ghadames

’
TALEMZANE-GEFARA GHADAMES (BERKINE)B'B
ARCH BASIN

Tanezzuft-1llizi

TPS (205403) - aifp— TPS (205601)

ILLIZI BASIN

TERTIARY

UPPER CRETACEQUS

LOWER CRETACEOUS

. JURASSC

SALIFEROUS UNITS

UPPER TRIASSIC

DEVONIAN

[ ] Regional seal

100 KILOMETERS

[ ] Sections containing source rocks

e T

SOUTH

Al

/J;ARBOMFEROUS

DEVONIAN /

SILURIAN

BASEMENT

EXPLANATION
Fault

J |:| Sections containing reservoir rocks

~~~~ Unconformity |

Oil: 4.5 billion barrels Gas:

12 tcf
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Tanezzuft-Ghadames Structural/Stratigraphic,
Assessment Unit 20540301
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Resource Assessments as | nputs to
Economic, Climatic Decisions

m Global Climate Change and WPA 2000

m Arctic Resources—The next frontier




World oil and gas production — USGS reference
case (Stanford MERGE Model, Mann, 2001)
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Arctic Provinces for Study in 2002

1-Vilkitsky

2-Laptev Sea
3-Vilyuy

4-Khatanga

5-North Kara Sea
6-West Barents
7-West Greenland
8-Sverdrup
9-Beaufort-Mackenzie

N NN e
= S [

AR

Assessed Arctic
provinces

o Potential Arctic
provinces
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ARCTIC SHARE OF UNDISCOVERED PETROLEUM
GAS

OIL & NGL

Arctic
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w Conventional
\ structural oil

Conventional Coal-bed gas  Conyentional accumulation =<
structural gas stratigraphic gas

accumulation accumulation

Transition
70nes

NSNS
EXPLANATION

O Gas

Continuous gas o 0il
accumulation [] Water

Tens of miles or kilometers




Organic Carbon Distribution

Land biota
830

Dissolved organic f
matter in water, [
980 |l ff

/ 67

Soil
1400

Recoverable and
nonrecoverable
fossil fuels
(coal, oil, natural gas) Gas hydrates

5000 (onshore and offshore)
10,000

Units = 1075 g carbon




=USGS Or Non-Hydrocarbon ?
(Nuclear, Hydrogen)

m Decarbonization, Efficiency and Economic
Substitution lead to Non-Hydrocarbons
m When?—certainly by 2™ half of 21 Century

m Why? Ol peaking by 2030-2040 by many groups

using USGS numbers—considered optimistic by
some; revised to 2015-2020

m Shifting to a methane economy in the interim—
only 7% of natural gas endowment has been used




Projected World Energy Supplies
One Vision

HydreelEriics

\ Solar, Wind
Geothermal

80 /‘7 S
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after Edwards,
AAPG 8/97




=USGS Summary

»Geologically Based Estimates of Undiscovered Petroleum are up
(+9.5% overall; oll +24.3%, gas—10.4%, NGL +104%) relative to 1994
USGS estimates

> ssignificant (612 BBO, 3,305 TCF Gas at mean). Large
growth potential in lrag, Iran, Saudi Arabia, Volga Ural, West Siberia,
Algeria as supported by detailed, proprietary studies

»>New 2015-2020 Oil Peak for Non-OPEC oil using USGS as Reference

»OPEC undiscovered largely onshore, OECD and others largely
offshore and undiscovered resources |less concentrated in OPEC
compared to previous estimates. The Arcticisthe next frontier (21
new provincesin the High Arctic).

»U.S. Reserves—surprising ~12% of world endowment, but recent U.S.
downturn and problems for Southern Canadian and M exican Gas.

»Increasing Emphasis on Large Unconventional Resources—Gas
Hydrates, Basin Center Gas, Heavy OIl and Tar Sands and Renewables




=USGS Four (Or Two?) Decades of
Conventional Oil and Then What?

m CBF—Coal Bridgeto the Future
m TheNatural Gas Revolution

m Oill givesway to a Methane Economy (itself peaking
by 2060)—T ransition to a Hydrogen Economy In
latter half of 21% Century—Already Starting—Fuel

Cellsfor Vehicles

m Nuclear—Electricity Generation and Generation of
Hydrogen—Fusion

m Portfolio Approach---Unconventionals clearly must
nlay aroleaswell-particularly heavy oilsin the
Western Hemisphere (Athabasca, Orinoco), gas
hydrates, nuclear, increasing unconventional sour ces,
renewables
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For additional 1nformation:

USGS DDS-60
or

Or contact ahlbrandt@usgs.gov




Natural gasand NGL

Prices

Natural gas Crude oil
European UK USA Canada OECD

Union cif  {Heren Index)t Henry Hubt (Alberta)y | countries cif
1985 3.83 - - 475
1986 3.65 - - 2.57
1987 2.59 - - 3.09
1988 2.36 - - 2.56
1989 2.09 1.70 3.01
1990 : 2.82 1.64 3.82
1991 3.18 1.49 3.33
1992 2.76 1.77 3.19
1993 2.53 212 2.82
1994 2.24 1.92 2.70
1995 2.37 1.69 2.96
1996 2.43 ) 2.76 3.54
1997 2.65 2.53 3.29
1998 2.27 2.08 2.16
1999 1.73 1 227 2.98
2000 2.85 4.23 4.81

tSource: PH Energy

1Source: Natural Gas Week.
Note: cif = cost+insurance+freight (average prices).
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Major Geologic Insights (1/2)

m Petroleum istrapped in many ways—
structures lessthan half

m Typell sourcerocksare vastly dominant
m Mesozoic source rocks arethe most important

volumetrically

m Cenozoic petroleum systems are volumetrically
dominant, old systems have lost much
petroleum

m Major TPSare Cyclic and concentrated at era
boundaries
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Major Geologic Insights (2/2)

m Continental Reservoirs ar e dominant

m Clastic Reservoirswill dominate future
discoveries

m Vertical migration of petroleum isdominant

m Salt isvery effective long-term seal and critical
to older TPS, shale sealsare far more

numerousthat salt seals, but salt seals clearly
better

m Major Conventional Natural Gas Systemsare
closaly linked to large Unconventional
(Continuous) Resour ces




External Methodology Calibration
January, 1995 M ethodology M eeting—Denver

& AAPG Committee on Resour ce Evaluation Review—
Endorsement by AAPG Executive Committee and
CORE, March, 1999

& World Energy Consortium Reviews—Detailed
briefings from Exxon, M obil, Amoco, Conoco,
Unocal, Shell on their assessment methodologies

Industry Review—e.g. BP Amoco--Extensive Onsite
Evaluation—Prepared Report for internal use




Numbers of Undiscovered Flelds

n
‘ Sizes of Undiscovered Flelds

S1+52+53+..+5=15

Repeat 50,000 Times

Monte Carlo
Simulation for the
Assessment of
Undiscovered
Resources

Forecast: Undiscovered Resource




Neuguen Basin
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—— Neuquen Extensional Structures Assessment Unit 60550101 « Oil field centerpoint
—— Neuguen Foothills Structure Assessment Unit 60550102 Gas field centerpoint
—— Dorsal de Neuquen Assessment Unit 60550103

Neuquen Basin geologic province 6055

National boundary




Neuguen Basin Field Size Distribution

Cumulative Percent of Estimated Total Recovery
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Comparison of Undiscovered Resour ces

Neuguen Basin, Argentina
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{Barton) (Laherrere) Ung.{Drew Grn{Drew & 1984} {(USGS,

& Sch.) Sch.) 2000)

Assessment Comparison

209 Fields>1MBOE, 1,041 Wells, Petroconsultants, 1996, 61st
Rank, 450 MBOE Discovered from 1996 through 2001
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Neuguen Basin Province
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Neuguen Basin Province

Petroconsultants (2001) data
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» ' Petroconsultants {1996) data
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