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Abstract

The valuation and assessment of unconventional or “continuous resource’ opportunities is not feasible using traditional probabilistic,
volumetric-based methods. While a fully stochastic business, value-chain model is the best way to assess the potential of an unconventional
play, we continue to lack a solid definition of Chance elements similar to what we have traditionally applied to conventional accumulations
(Container: Reservoir, seal, trap and Contents: source and migration, with subtle variances from company to company).

In Unconventional projects, there are two primary technical risks... That the formation will not produce, and that the production will be
inconsequential. As such, Productivity and Materiality become the linchpins for Chance and Uncertainty Management in unconventional

plays.

“Productivity” is the probability that a given formation will be able to flow a sustained gas stream. This Chance element is tied to, but not
dependent on, completion technology.

“Materiality” is the probability that the sustained production will be large and consistent enough, and extend over a large enough area to
constitute a viable play based on local or world analogues. Essentially, Productivity is flow-based P(G) and Materiality is P(S).

Each will have sub-elements which may be tied to technology, local economics, or marketing aspects. The commercially oriented nature of
the Materiality Chance is due to the business-decision centered approach required in unconventional plays. Conventional methods tend to
hold commerciality and economics separate from technical risking, but this is impractical if not dangerous in unconventional resource plays

due to the fact that the majority of the business uncertainty arises from production profile uncertainty.

In an integrated business assessment of unconventional opportunities, we start with an assessment of the potential of the play. We assess the
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Expected Ultimate Recovery, the Production Profile, the costs for the pilot facility, pilot wells, early experimental wells, factory phase
development wells, facilities costs, learning, price volatility, operating costs, and rig and facility timing. It is a low-margin business and we
need to be able to identify where our efforts will have the most reward.
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Presenter’s Notes: Traditionally, reserves in shale gas reservoirs have been estimated using decline curve analysis.
The reservoirs are very tight; the wells are widely spaced, and the wells remain in transient flow for many many years.
As a result the decline exponent, or B factor, as it is called, is quite high.

In the case shown here for 162 wells in Devonian gas shales in eastern U.S., the B factor was 2.367.



Presenter’s Notes: Now, the concern is, if you start drilling these wells closer together, they’re not going to remain in transient flow over their entire
life. They eventually sense the nearby wells and the decline steepens.

So in the case of the Devonian wells in the eastern U.S., if the B factor drops to 1, which is harmonic decline, you'll only have 57% of the reserves you
originally had. And if the B factor drops to 0, which is exponential decline, you'll have 23% of the reserves you originally had.

So some people, particularly Tom Blasingame at Texas A&M, are quite concerned that we may be overestimating reserves by using this technique to
extrapolate early time data in closely spaced wells.
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Pilot Good Pilot Good Pilot Bad  Pilot Bad Pilot
Proj. Good Proj. Bad Proj. Good Proj. Bad FEffective
61% B% 3% 3% B4%
2 wells 1% B% 1% 2% 73%
3 wells 7E% E% 16% 2% 8%
4 wells 7% E% 14% 3% 80%
5 wells 81% 7% 1% 2% 82%
6 wells 83% 7% 8% 2% 85%
7 wells 86% 7% 5% 1% 87%
8 wells 87% 8% 4% 1% 85%
9 wells 87% 8% 4% 1% 88%
10 wells 89% 8% 2% 1% 0%
11 wells 90% 8% 2% 1% 90%
12 wells | 90% 5% 2% 0% 90% Pilot Effecfiveness
13 wells 89% 8% 2% 0% 90%
14 wells 91% 8% 1% 0% 91%
15 wells 91% 8% 0% 0% 92%
16 wells 9% 8% 0% 0% 91%
17 wells 9% 8% 0% 0% 92%
18 wells 91% 8% 1% 0% 91%
19 wells 91% 8% 1% 0% 91%
20 wells 91% 9% 1% 0% 91%

% outcomes that are full-cycle positive
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