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Figure 9a. World oil resource estimates from Figure 9, above.

22



Working Document of the NPC Global Oil & Gas Study

Conventional Qil / Conventional + Uncenventional Oil

References

1 Duce

2 Pogue

3 Weeks

4 Levorsen

5 Weeks

6 Pratt

7 Hubbert

8 Weeks

9 Weeks
10 Weeks
11 Ryman
12 Weeks
13 Weeks
14 Hubbert
15 Hubbert
16 Meody
17 Weeks
18 Weeks
19 Bauguis
20 Warman
21 Warman
22 Hubbert
23 dell
24 Schweinfurth
25 Hubbert
26 Hubbert

27 Kirkby, Adams
28 Kirkby, Adams
29 Parent, Linden
30 Parent, Lingen
31 Parent, Linden
32 MacKay, Nerth
33 MacKay, Nerth
34 Moody, Esser
35 Moody, Esser
36 Meody, Esser
37 Meody, Geiger

Moody, Geiger

Moody, Geiger

National Academy of Science
Odlell and Rosing

Barthel, BGR

Grossling

Grossling

Folinshaa

Klemma

Seidl, I1A3A

Seidl, I1A3A

Styrikovich

Styrikovich

World Energy Conference
IFP (4 estimates =4 TBO)
Klemma

Moody

Nehring

Nehring

Lalbouty

Halbouty

albouty
Meyerhoff
Nehring
Nehring

De Bruyne
World Energy Confarence
Halboury
Masters
Masters
Masters

Otlell and Resing
Masters
Masters

Martin

Masters
Bookout

Campbell
Campbell
Masters
Masters
Masters
Campbell
Campbell
Laherrera
Campbell
Masters
Masters
Masters
Campbell
MacKenzie
Campbell
BF

Odell

Odell
Scholinberger
Scholinberger
Scholinberger
usGs

usGs

UsGs
Deffeyes
SHELL
SHELL
SHELL
Edwards

Figure 9b. World gas resource estimates from Figure 9, above.

30.0

o
6

200

15.0

ons (10™15) of cubic feet

10.0

oo

50

All estimates in quad

00
1950

1960

1990 2000 2010

& Cerantinnal Tao

23

———48=1540

7= 1EI.E4J

Made Available July 18, 2007

UsSGS
WPA
2000



Working Document of the NPC Global Oil & Gas Study Made Available July 18, 2007

entional Gas / Conventional + Unconventional Gas

MacKinney 38 Masters
W 39 Masters
40 Masters
41 Masters

3
4
5 Yy 42 Masters
6 \Weeks 43 Riva
Ryman 44 Schallnberger
8 SHELL 45 Schallnberger
Q9 MacKinney 46 Schollnberger
10 Weeks 47 UsGs
11 Hubbert 48 UsGs
12 Hubbert 49 UsGs
13 Weeks 50 CEDIGAZ
14 Hubbert 51 CEDIGAZ
13 Parent, Linden 52 SHELL
16 Adams and Kirkby (H) 53 SHELL
17 Moady, Geiger 54 BGR

18 Mational Academy of Science
19 Barthel, BGR

20 Grossling

Grossling

nternational Gas Union
Farent, Linden

Parent, Linden
Desprairies

Desprairies.

McCarmick, AGA

Bois

Meyerhoff

Mehring

Mehring

Farent, Linden

Parent, Linden

Schubert

nergy Conference

2 0 1 (1 1 1
OB DGO E W

L Lo b L G
- vl

Masters
Masters

Remember that resource estimates are snapshots in time; they represent only what has
been assessed — an amalgamation of those parts of the world (what basins, what plays,
what regions or countries, etc.) and those commodities (oil, natural gas, conventional,
unconventional) taken into consideration and supported by what data are available at
the time of the assessment. Assessing additional types of resources or additional parts
of the world can greatly change an assessment. For example, the USGS World
Petroleum Assessment 2000 included areas that were judged to be significant on a
world scale in terms of known petroleum volumes, geologic potential for new petroleum
discoveries, and political or societal importance. Subsequent assessments by the
USGS include areas that were not included in the 2000 overview and the USGS is
currently conducting an assessment of the entire circum-Arctic. Also note that in
Figures 9a and 9b, those estimates that include unconventional resources are (not
surprisingly) greater than those resource estimates that do not.

Since the earth has a finite endowment of liquid hydrocarbons, from which we produce
more and more each year, the logical conclusion would be that the estimates for what
remains to be found should be going down, but this is not the case. Usually, resource
estimates conducted by an individual organization tend to increase over time. One
example of this is the Minerals Management Service (MMS) assessment of the U.S.
Outer Continental Shelf (Figure 10).

Figure 10. Comparison of MMS assessments of the U.S. Outer Continental Shelf
over time (http://www.mms.gov/revaldiv/PDFs/2006NationalAssessmentBrochure.pdf).
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USGS estimates, like those of other organizations, change over time as well.
Compared to previous USGS world petroleum assessments (Masters and others, 1994,
1997), undiscovered volumes from the 2000 assessment (exclusive of the U.S.) were
20% greater for oil, and 130% greater for NGL (Figure 11), largely because reserve
growth was quantitatively assessed and factored into this assessment for the first time.
Other reasons that assessments grow over time include technological advances
increasing the amount and type of resource available for development and increased
geologic understanding of the resource.

Figure 11. Graph comparing the 1994 and 2000 USGS world estimates,
exclusive of the United States for undiscovered conventional oil, gas, and NGL, in billion
barrels of oil equivalent. (From USGS, 2000)
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To understand and illustrate the robustness of the estimates outlined in Figure 10 and
examine the significant differences that exist among the published estimates, two tables
of the characteristics of the resource estimates were compiled, one table for selected oil
estimates (Table 3) and one estimate for selected gas estimates (Table 4). These
tables attempt to summarize some of the factors relevant to interpretation and
understanding of those estimates, where those factors are documented. Only those
estimates for which information was included with the resource estimates are included
in the tables.

1.31 Differences in Assessment Methodology

This section explains some of the differences in methods used to estimate
undiscovered potential, many of which need to be considered in designing a ‘best
practice’ method for estimating future reserves and resources.
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There are two fundamentally different mathematical approaches to assessing
undiscovered volumetric potential:

Deterministic Methods — estimates made by an individual, or group of
individuals (the Delphi approach), in which a 'best guess' estimate is made of
undiscovered potential. In such estimates, the range of possible outcomes is not
captured, and (often) the rationale behind the estimate is not well documented. Prior to
1980, most estimates of global endowment took this form.

Probabilistic (Stochastic) Methods — produce a range of possible recoverable
volumes associated with their estimated likelihood; recoverable volumes are demarked
by standardized confidence levels, or probabilities. Stochastic methods can be of
varying types, but all accept that the number of fields in a basin or play, and the volume
of hydrocarbons they contain, are finite and can be characterized by a distribution.
Differences arise from disagreements about the shape of the distribution which should
be used, how and whether the distribution should be truncated, whether it is continuous
or multimodal, and how much (if any) of the distribution has already been fully sampled.

In addition, the fundamental differences between unconventional and
conventional (or continuous) accumulations require that different methods be used to
estimate undiscovered volumetric potential. As mentioned earlier, the assessment of
conventional resources focuses on the number of remaining undrilled prospects
(discrete potential structural or stratigraphic traps, often a number in the tens, or
possibly hundreds) and expected future field size characteristics. For continuous
resource assessments, the basic unit of assessment becomes the number of wells that
will ultimately be needed to develop the entire play area (often a number in the
thousands), and the expected recovery per well. The USGS has published several
hallmark papers on this topic that may be found at
http://energy.cr.usgs.gov/oilgas/noga/methodology.html.

During the last 30 years, the methodology for assessment of undiscovered conventional
oil land gas resources used by the USGS has undergone considerable change
(Charpentier and Klett, 2005). The change is based on five major principles: (1) a need
for a methodology suitable for immaturely explored as well as maturely explored areas,
(2) use of as comprehensive a set of geological and exploration history data as
possible, (3) use of geological analysis and not solely statistical methods, (4)
transparent and reviewed methodology and robust documentation, and (5) an increased
utility of the assessment results and documentation for multiple purposes.

In general, the variances between estimates are due to one or more of the following
differences or limitations:

1) Many estimates reported reserves and did not factor in reserves growth. This
lack results in a pessimistic outlook for reserves and a pessimistic forward estimate for
future size characteristics (and therefore, undiscovered oil resources);
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2) Some estimates were only made for selected basins of the world and are
therefore not totally inclusive.

3) Some estimates include only crude oil. Others include other petroleum liquids
such as condensates — liquids extracted during production from gas fields. This can be
a large volume, especially in areas of large gas fields or gas potential.

4) Many of the estimates, particularly the early estimates, are deterministic; that
is, they are based upon a single-point estimate of inputs and provide a single-point
estimate for the estimated volumes. As such they fail to capture, and express, the
possible range of possible volume outcomes.

5) “Most likely” numbers are reported in some cases. “Most likely” is a term
which has varying meaning to different assessors. In some cases this number reflects
the average value from the assessment (generally a value occurring or exceeded about
30% of the time), sometimes the median value is reported (the value that will be
exceeded exactly 50% of the time), and sometimes the modal, or most likely value is
reported (which is exceeded 80% or 90% of the time). This prevents comparison of
values, since the overall ranges are often not reported.

6) Some estimates reflect only the application of current technology, while others

try to anticipate future advances in exploration and completion technology.

7) Variations in minimum estimated field size. The volume of resource is
concentrated in relatively large fields. Differences in the minimum field size assessed
will also make estimates less comparable.

8) Differences in methodologies for assessing endowment. The methodology
chosen to make an assessment can have a major effect on the estimate (Ahlbrandt and
Klett, 2005). The choice of methodology is, in itself, a major subjective factor in
performing an assessment.

9) Differences in technologic and economic assumptions. All estimators make
technologic and economic assumptions, but not all estimators state their assumptions
explicitly. Some estimators assume contemporary levels of technology and
contemporary economics. Others assume varying increases in technologic progress
and increases in prices and/or consider volumes that are available under different
economic conditions (e.g. at $40/barrel oil vs. $60/barrel oil).

10) Differences in temporal perspective. Some assessors try to answer the
question of what will actually be discovered within a particular time frame. Other
assessors try to assess some part of the geologic state of nature regardless of future
exploration (for example, an estimate of numbers of fields larger than a certain
minimum).
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11) Differences in geologic interpretation. Some estimates are based on
geologic interpretation. Assessors must consider different geologic hypotheses and
evaluate the probabilities of each. The irreducible geologic uncertainty makes this
comparison of multiple working hypotheses inescapably subjective.

Many of these differences are understandable and acceptable, but must be kept in mind
when trying to compare the many different estimates in the public and private domain.

1.4 The way forward — Needs for best practice estimates of remaining
hydrocarbon volumes

Considering all that has been stated above, there is a great need for resource
assessments to have extensive documentation and groups conducting assessments to
be consistent with what they produce and have a standardized, transparent
methodology for themselves. Estimates cannot be compared unless one knows what
was or was not included in those estimates. Another important need is for estimates to
be detailed: a single estimate at the world scale is of limited usefulness. Estimates at
country, geologic province, or play level have the potential to be relevant to a far greater
number of questions and can be more easily understood and refined.

A future, state-of-the-art assessment of remaining hydrocarbon endowment must
incorporate all of the following characteristics:

- Clear definition as to what constitutes ‘conventional vs. unconventional’
- Probabilistic methodology to capture uncertainty (understanding that many
previously available estimates are deterministic, and therefore global aggregations will

contain both probabilistic and deterministic elements)

- Systematic, global assessments, including oil- and gas-in-place estimates,
where appropriate

- Play based approach, from which basin/country/continent rollups can be
accomplished

- Consistent economic perspective to assessments
- Industry cooperation, including national oil companies

- Documentation for every input that goes into the analysis

1.5 Study Observations
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Global endowment is not a limiting factor in future supply in the near term
(constraints will come from other sources — technology, access (remote/frontier areas),
deliverability, economics/markets, geopolitical considerations)

There are a great many differences in resource assessments, but there are
sometimes good reasons for those differences (different purposes).

There is a great deal of uncertainty in resource estimates, by their very nature —
uncertainty is an inherent part of resource estimation.

World reserve growth is poorly known but probably very large (on the same scale
as undiscovered conventional).

Global Reserve Growth multiplier(s) elusive

Small changes in recovery efficiency (percentage of oil in place that will
ultimately be produced) will have a globally strategic impact upon the global oil budget.

The role of unconventional resources upon the global energy budget will have a
growing and profound impact.
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Column explanations:

Author - Author(s) of original reference
Year - Publication year of original reference
Estimate 1 — The value of the low estimate given in the reference. Values are in trillion barrels or quadrillion cubic feet
Estimate 1 type —

Low — a low estimate without a particular probability value attached

F90 — a low estimate with 90% probability of greater than this value

F95— a low estimate with 95% probability of greater than this value
Estimate 2 — The value of the intermediate estimate given in the reference. Values are in trillion barrels or quadrillion cubic feet
Estimate 2 type —

Point estimate — a single-valued non-probabilistic estimate

Mode — the estimate with the highest probability density of the probability distribution

Most likely— the estimate with the highest probability density of the probability distribution

Mean — an estimate that is the statistical average over the entire probability distribution

Expected value — an estimate that is the statistical average over the entire probability distribution
Estimate 3 — The value of the high estimate given in the reference. Values are in trillion barrels or quadrillion cubic feet
Estimate 3 type —

High — a high estimate without a particular probability value attached

F10 — a high estimate with 10% probability of greater than this value

FO05— a high estimate with 5% probability of greater than this value

Maximum — a high estimate with 0% probability of greater than this value
Area assessed — Was the assessment for the total world or just selected areas
Scale of original assessment — World, basin, or play
What was actually assessed? — What part of the resource base was actually assessed versus what part was merely quoted from other sources
Methodology

Areal yields — use of analog ratios of volumes of resource per geographic area

Basin analysis— geologic analysis at the basin scale

Comparison of previous estimates — subjective averaging of previous estimates

Discovery extrapolation — use of discovery-history trends

Field-size distribution extrapolation— use of field-size distribution assumptions
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Multiple — use of several methods
Play analysis — geologic analysis at the play scale
Production extrapolation— use of production-history trends

Volumetric yields— use of analog ratios of volumes of resource per volume of sedimentary rock
Methodology documentation — None, minimal, intermediate, extensive
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