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Abstract

Seismic data is generally the key data source for resource evaluation in all categories except proved reserves. The use of seismic data
for classification of proved reserves, in particular, is the subject of frequent disagreement because: 1) seismic quality, 3-D in
particular, has advanced significantly and rapidly; 2) seismic data is generally precise but not accurate; and 3) reserves classification is
historically an engineering discipline, and engineers are typically not well versed in seismic methodology. Seismic data is generally
accurate enough for estimation of the areal geometry attributes such as dip and faulting for proved reserves. With comprehensive
interpretation, seismic data may be accurate enough for estimating gross thickness. Seismic data is generally not accurate enough for
the quantification of porosity or net-to-gross in the proved reserves category but often useful for the other resource categories. Seismic
data is not accurate enough for the quantification of Sw within a hydrocarbon accumulation.

Fair quality data is more difficult to evaluate than good or poor data because judgment becomes more significant. Probabilistic
estimations yield a specific numerical value for designating the resource category, but judgment is still significant in the estimation
and less transparent. The consistency of resource estimation to which we aspire is aided by rules, standards, and guidelines. Neither
the PRMS nor the SEC reserves definitions specifically address rules for the application of seismic data to resource estimation, except
in the case of proved reserves and 3-D seismic data with a flat or bright spot. An attribute should be used for quantification of
resources only when: The attribute is well defined (the data is good), the attribute is clearly correlated to well data (synthetics,
analogs), and the basis of the attribute is known and can be modeled. Seismic data is commonly used with a bias, either too punitively
or too optimistically. More definitive data sources such as petrophysics and well test data should be used to clip the high-side and low-
side estimates from seismic data. No data, including seismic data should be used to classify resources unless that data clearly
contributes to understanding the reservoir. Otherwise, generalized approximations and assignments are better because they are
defined, repeatable and no less accurate. In particular, the reservoir parameters net-to-gross, porosity, and Sw are better defined by
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other data sources unless the seismic data is of good quality, and considerable effort has gone into the interpretation and modeling of
the attribute(s) used for the estimation. Individual judgment is essential in the resource estimation process and frequently results in a
wide variation of results. The consistency and clarity sought by the application of standards are often at the expense of accuracy, but
must be in place if resource estimations are going to be a relevant.
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Seismic Impact on Classific
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Seismic Contribution as a
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Goals for Resource Esiti

* Accuracy for valuation
* Consistency  to allow comparison

» Transparency for repeatability

Seismic data should not be used to classify resources unless
at data clearly contributes to the accuracy of the estimation



Precision vs. Accuracy

* Precision—repeatability
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Rules

In the absence of fluid contacts, Proved quantities are limited by the lo
hydrocarbon (LKH) being the deepest structural level of well penetration
otherwise indicated by definitive geological, geophysical, engineering or
performance data. Such definitive information may include pressure gradient
analysis and seismic indicators. Seismic data alone may not be sufficient to define

fluid contacts for Proved reserves.

...Interpretations of available geological, geophysical and engineering data
Indicate with reasonable certainty that the objective formation is laterally
continuous with drilled Proved locations. *See Guidelines
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Guideline

Seismic flat spots and/or bright spots are definitive for Pr
when:

e C(learly 13dble
» Conformance of amplitude and structure (between the segments)
 The GWC i1s penetrated and reservoir 1s tested

» A well penetrates the segment in question up-dip from the GWC and
pressure data shows communication
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Bias aka. Judg

e We all have it

«  We should try to apply it equally
(consistency)

Positive Bias:

Negative Bias:
P1=1000 acres P1 =320 acres
amplitude above less the area of
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Rules and Guideline

Well #2:
GWC segment B
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Attributes for Parameter Estimation
of Proved Reserves

o Attribute 1s Well Defined and Quantifiable

o Attribute 1s Correlated to well data

e The Basis of the Attribute 1s understood and
can be Modeled— Correlation and Causation

Boutique Attributes have no place In reserves
estimation
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Model Tuning Curve (2/6-15/20 Ormsby)
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Seismic generally has insuffici
accuracy for estimating porosity,
saturation, and pressure

The result of a calculation can’t be more precise than the
least precise item used in the calculation.
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Typical Gulf of Mexico Re
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Porosity Determination
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Porosity Determination f
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Log porosity (p.u.)

Porosity Determination
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Porosity Determinat
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Seismic Interpret

“Technology 1s so much fun but
we can drown 1n our technology.
The fog of information can drive out knowledge”

Daniel Boorstin






