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Abstract

To build a robust reservoir model, integration of both data and disciplines is key. To define drilling spacing, injection patterns
and associated reserves it is necessary to evaluate the uncertainty of the reservoir distribution. To reduce risk in decision making
and planning it is necessary to combine multiple stochastic models and production data. The classic workflow previously used
by our company was based on deterministic volumetric models, adding a recovery factor and well type to estimate the necessary
number of wells to develop the studied area. The limitation was that it did not take into account the geological model, sand
distribution or uncertainty estimation. By integrating a 3D model (Petrel) with an analytic reservoir model (SAHARA) we were
able to generate multi-realizations, evaluate different development cases, optimizing calculation time and economic return. The
resulting models are not only an integration of technology but also a collaborative work of reservoir engineers and geoscientists.
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Introduction

— 10 years production
— over 1000 perforated wells with water flooding

— ldentify new areas with development potential through drilling of new wells.
— Rank opportunities
— Present 3 development scenarios for each zone

— Sand body spatial distribution (connectivity) and associated probability
— Volumetrics
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Prewously used Workflow
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Methodology disadvantages




Integrated Workflow




Static Model Workflow

UPDATE




Structural modeling and Grid
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— Variogram

— Vertical Proportion Curves
— Smoothing

— Kriging

— Challenge was to represent spatial heterogeneity

— Properly cover zones with very few well data
(clustered data)

— Bias and over estimation of sand proportion
— Uncertainty



*Sand proportion calculated from wells was too
optimistic on main layers.

*Data is clustered and has a bias.

*Important to evaluate the impact of proportion
on volumes.

Well: 50%

manual: 35%

Comparison of proportion calculated from well logs, trends and
imposed (manual)
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— Sequential Gaussian Simulation
— Distribution and variogram from wells
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Saturation modeled by zones and
Facies



STOIIP (in oil)

Sand proportion on
main producing
units

100 realizations 100 Realizations with sand proportion uncertainty
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Uncertainty Analysis Workflow

— Monte-Carlo sampling /latinhyper-cube / nested simulation of
other properties (porosity, NTG, SWAT)

STOIIP Distribution
Spreading P90-P10 of 21%







Zones were analyzed and
ranked independently
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STOIIP Spreading P90-P10: 35%
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*For well pattern waterflooding planning, the workflow was re-run focusing on the studied
zone

*To keep the consistency of the geological model, the simulation is done on the entire model,
honoring all available data

*The volume is calculated and ranked per zone volumen

*The percentile maps are done for the specific studied zone




Analysis and ranking per zones
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— Faults /erosion lines

— Net Volume
— Pore volume
— STOIIP (HPHISO)

— Net thickness

— Net pay (SWAT cut OFF)
= Qe Probability of

— Mean Porosity t} Py HPHISO >0.4 m

— Mean Swat O ~

— Give support for well location
— Calculated from 200 realizations
— Mean and standard deviation
Cut off can be selected
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Conclusions




