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Abstract
Uncertainty exists at all levels of a reservoir study, starting with measurements of raw data and their interpretation. For instance,
uncertainty in seismic interpretation and in velocity functions affects time-to-depth conversion and thus the position in depth of the
reservoir’s structural model. The geological model depends on a conceptual understanding of deposition. The petrophysical model
exhibits uncertainty that is due to a very limited sampling of an often complex and heterogeneous subsurface. The parameters and
equations controlling fluid flow also carry some uncertainty. The combination of these uncertainties affects one's ability to understand
and predict reservoir behavior and to reliably forecast reservoir production, therefore impacting estimations of recoverable
hydrocarbon resources.
In front of this overwhelming amount of uncertainty, it is important to follow a systematic methodology articulated along the
following principles: (1) it is necessary to capture and integrate the complete spectrum of uncertainties, from time-to-depth conversion
and structural modeling, to petrophysical property distribution and flow simulation; (2) one must then identify the critical sources of
uncertainty; this is achieved by assessing their impact on specific reservoir management decisions; finally (3) these key uncertainties
must be reduced to a level where a risk-acceptable decision can be made, either by refining the interpretation models or by gathering
new data.
In view of the recently revised resources categorization, uncertainty quantified through 3D reservoir modeling can play a key role in
the assessment of 1P, 2P, or 3P reserves (and 1C, 2C, and 3C contingent resources) values as they relate directly to P10, P50, and P90
reservoir models. However, it is important to understand that these are not merely the result of stochastic variations around a reference
case or equiprobable realizations, but are the combination of alternative (possibly very different) scenarios and stochastic simulations
describing all elements and parameters contributing to the construction of a realistic 3D representation of the subsurface.
This presentation illustrates the above concepts and the importance of 3D reservoir modeling in quantifying uncertainty for
recoverable resources evaluation.
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A short example

The problem:
to evaluate recoverable
resources, we need a reliable
estimate of Hydrocarbon Pore
Volume, Water Saturation and
Recovery Factor

“Resources” = GRV * NTG * Φ * (1- Sw) * RF / FVF

A short example

The problem:
to evaluate reserves, we need a
reliable estimate of Hydrocarbon
Pore Volume, Water Saturation
and Recovery Factor

“Resources” = GRV * NTG * Φ * (1- Sw) * RF / FVF

Typically…
Construct One 3D Reservoir Model
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Stochastic Simulation

Tornado Chart for OIP (rm3)
Sw vs H above OWC
NTG

With efficient use of stochastic
simulation, one can generate
multiple alternative models
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Typically focus only on facies and
petrophysical properties (Φ, K, Sw)
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Yields comforting assessment of
uncertainty
BUT fluctuations are small
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Beyond Facies and Porosity
Tornado Chart for OIP (rm 3)

RV

The “envelope”: first order elements
may have first order impact
Reservoir structure
Fluid contacts
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Must account for them in stochastic
simulation loop
Yields larger, but more realistic
assessment of uncertainty
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Anything else?
The input parameters used by the
algorithms?
The input data?
The choice of algorithms?
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They are unreliable and may be the
largest source of uncertainty
Stochastic simulation must account for
parameter and data uncertainty as it
may have the biggest impact
Yields a realistic assessment of
uncertainty
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Assessing uncertainty through 3D modeling
Constructing a 3D model is straight forward
Generating multiple 3D models is easy
Only way to understand cumulative impact of
data/interpretation/modeling uncertainties on Reservoir
Management decision
Structural: Horizons, Thickness, Faults
Contacts: OWC, GOC, GWC
Sedimentology: Facies, Rocktypes,…
Petrophysical: Φ, N/G, Kx, Ky, Kz
Fluids: Sw, Bo/Bg, Rs,…

Reservoir modeling for resource evaluation
1) Infer reliable statistics for traditional Monte Carlo /
economic spreadsheet analysis
2) Rank and retrieve representative models for low-mid-high
volumes and flow simulation
3) Extracting information from multiple alternative
realizations/scenarios

1 - 3D Reservoir Modeling
vs. Conventional Monte-Carlo Simulations
Reservoir Modeling uses Monte-Carlo simulations
It feeds reliable parameter distributions to Reserves / Economic MC
estimations
It captures 3D geological and physical relationships and correlations
between contributing elements
Allows spatial estimates of uncertainties

…
Each drawing corresponds to a possible reservoir model
It is key to reliable estimates of Recovery Factors

2 - Model ranking
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3b - Definition of segments for 1C,2C & 3C
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Take away
Uncertainty exists in all aspects of the subsurface
All elements affecting quantification of resources must be considered
Reconcile and integrate uncertainties through 3D reservoir modeling
Do not stop at one or three scenarios, but consider as many as time
allows, combined with stochastic simulations
Incorporate 3D probabilistic reservoir modeling results in resource
evaluation:
Infer representative distributions
Derive P10, P50, P90 volumes
Define segments
…

