Paradigm customer story

Quick and Accurate Structural
Modeling in a Non-Conventional
Fractured Basement Reservoir
The purpose of this study was to characterize, model and flow
simulate a non-conventional fractured basement reservoir located
offshore Vietnam (Figure 1). The study was requested by a local
joint venture based in Ho Chi Minh City.

The Challenge
A new reservoir modeling and simulation workflow was needed to
prove that the complex structure of the field and its properties could
be represented, and its dynamic behavior reproduced. Predictions
of production using standard reservoir simulators had been
problematic, because different flow laws apply to fractured rocks,
and inclined narrow faults are difficult to represent at field scale.
Faults and fractures control fluid flow and arguably hydrocarbon
storage as well, because the granitoid host rocks have only marginal
porosity. The reservoir shares many of the traits of naturally
fractured reservoirs (NFRs), such as large well rate variability, rapid
pressure decline and inter-well communication, and early water
breakthrough, leading to a prohibitive water cut. This makes

it challenging to sustain production and define the production
measures that will optimize ultimate recovery from the field.
The company had difficulty building an accurate reservoir model
that could run a realistic flow simulation using pillar-based
modeling tools. Only a few faults had been kept in the structural
model, over-simplifying the reservoir grid and therefore failing to
capture realistic flow behavior. While a wealth of geophysical
and other relevant data had been collected to help clarify the
situation, they were being underused because they were difficult
to represent in such models.

The Assessment
The field contains complex intersections between faults (Y and X
contact shapes, etc.), between horizons and faults (reverse faults,
important offset of the basement on the flanks) and between
horizons (converging small angle contacts between the top of the
basement and the sediments lying on its flanks) (Figure 2).
Since results to date using standard tools had not been sufficient,
the decision was made to use Paradigm® SKUA® modeling
software to build a structural framework model that properly
honors fault intersections. These conditions are not honored
with standard modeling tools. SKUA can also generate nodematching fault-horizon contact surfaces as a prerequisite for
the unstructured (tetrahedral mesh) grid building step that NFR
Studies (www.nfrstudies.com) performs in another software
package; the tetrahedral mesh grid is used to compute geomechanical properties and support flow simulation. Simulations
on unstructured grids are run with CSMP++, an efficient software
program developed by a consortium of Universities, led by the
Montan University of Leoben.

The Solution

Figure 1: Location of the Cuu Long Basin offshore Vietnam (from
Dang et al, 2011)

For this project, only a sector scale model (12.5 km x 4.5 km) was
studied. Fifty-three original fault interpretations were included
and no faults were excluded when modeling the data with the
SKUA system. Faults were loaded as fault sticks from an ASCII file.
Most of the faults had not been assigned any throw type, mainly
because their throw was too small to make a decision; a couple of
faults were identified as reverse; about 10 others were identified
as normal. This extra information was used as a constraint in the
SKUA modeling process.
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The top basement interpretation was loaded as a CPS3 regular 2D
grid (resolution 25m x 50m). The interpretation of the top of the
sediment contains points (resolution 300m x 300m) loaded from
the ASCII file. Contact curves between the top basement and
sediments, corresponding to non-depositional curves, were used to
constrain the modeling of the sedimentary layers.
Watertight models are an important prerequisite for volumetric
meshing as part of the simulation workflow. Structural models
generated in SKUA are watertight, meaning that they are
composed of surface-delimited sub-volumes in which the surfaces
are perfectly welded together without any holes. This structural
model can be transformed into a set of triangulated surfaces that
share nodes on the contact lines.
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The modeling of the top basement and top of sediments was
performed in a single operation. The contact of the sediments
on the top basement was handled automatically through the use
of the stratigraphic column (unconformable contact between the
basement and the sediments) and the non-depositional curve. The
resulting horizons were smooth and clean, while the complexity of
the fault network was preserved.
To avoid very small or degenerate elements in the triangulated
surfaces, which would produce holes or overlapping elements in
the 3D grid, fault throws smaller than a given target refinementbased threshold (5 meters for the sector scale model) were
merged; this was done automatically in SKUA with the creation of
the triangulated surfaces.
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Figure 2: Typical seismic profile in the Cuu Long basin: The top
basement (red) is highly offset by major normal faults; the sedimentary
layers are lying on the top and flanks of the basement highs, with
stratigraphic unconformities (black arrows) where top Early Oligocene
(dark green) is not present and Late Oligocene layer (light green) lies
directly on top of the basement (from Hung and Le, 2004).

The Results
The sector scale model was generated in less than a week. No
structural model had ever been built for this field before this study,
as no software could properly handle representation of the faults.
By creating the structural model and performing the QC on the
seismic data together with the geophysicists, many refinements
and updates could be made to the existing interpretation.
Questions about fault extensions within the sediments could be
answered for the first time.
Thanks to the preservation of all the faults in the model and the
analysis of their vertical and lateral extent from the basement

Figure 3: Unstructured grid containing volumetric elements (tetras)
represented in the basement (green volume); the sedimentary cover is
also meshed, but has been hidden in order to visualize the basement.
Only 2 faults are represented here for better visibility, as triangulated
surfaces with a refined mesh to capture fault zone properties more
precisely. The unstructured grid is created in a specific meshing
program, using as direct input the automatically created, water-tight
SKUA model. The complete image of the model will be available once
the project becomes public.

to the surrounding sediments, precise flow pathways were
identified in the reservoir. This is critical for field development,
and had not been possible using other existing tools. The
company’s geoscientists and engineers were impressed by the
capacity of SKUA to integrate and honor the data and generate a
comprehensive model in a few days.
The next step will be to perform detailed flow characterizations
of key fractured zones in the basement. Following further tests
carried out by NFR Studies, the company’s plans include use of the
SKUA tetrahedral mesh constructor to generate the corresponding
unstructured mesh.
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