Modified Stochastic
Inversion

An innovative approach to the
stochastic inversion challenge
Stochastic (or geostatistical) inversion is important in
hydrocarbon exploration and production, due to its ability to
provide multiple, equally probable realizations of the reservoir,
constrained both by well and seismic data. The integration
of seismic data into the reservoir modeling process helps
create more accurate reservoir models than when simulating
well data only. Incorporating well statistics in the inversion
process enables the creation of reservoir models that have the
appropriate heterogeneity and are suitable for flow simulation,
as opposed to the deterministic inversion approach, which
creates oversmooth results.
Classic stochastic inversion is expensive to compute, so in
practice, only a few realizations are normally calculated, leading
to insufficient risk assessment. In addition, existing solutions do
not always handle complex geology with sufficient accuracy.
The Emerson E&P software group has developed a brand
new workflow for performing stochastic inversion, called
Modified Stochastic Inversion (MSI). This unique approach
is based on the idea that in stochastic inversion results, well
data and seismic data contribute to different frequency bands.
Classic stochastic inversion processes involve huge numbers
of stochastic predictions, from which the ones with the best
match to the seismic data are selected. In the MSI workflow,
the deterministic inversion output is combined with numerous
broadband-frequency well simulations to generate multiple
broadband realizations of the reservoir, all of which match
the seismic. Incorporating the deterministic inversion results
into the Modified Stochastic Inversion process simplifies the
process, thus significantly reducing computational time.

Deterministic versus stochastic inversion

The MSI methodology allows the low, medium and high data
frequencies to be treated differently from one another. This
enables simple fine-tuning of parameters that can result in
significantly better quality in the final result.
• Low frequencies are mainly contributed by well data, and
MSI allows co-simulations with seismic velocity or similar
data to better fit the seismic data in the low frequency
bands. Uncertainty in this part of the impedance spectrum
has a significant impact on final reservoir estimates; thus,
user control and flexibility in the selection of methods,
parameters and QC are of great importance.
• Seismic data contribute to the medium frequency range.
Here robust techniques that best fit the seismic data are
the most important factors.
• The high frequency part of the data is mainly contributed
by well measurements, which provide high-resolution
results. In this case as well, a flexible methodology for
simulating high frequencies delivers maximum value. The
methodology and parameters are specific to the highfrequency components of the data field and can be very
different from the simulation methodologies that best fit
the low frequencies.

Modified Stochastic Inversion workflow

Modified Stochastic Inversion
Emerson MSI Unique Features
•

MSI is an Emerson Epos™ guided workflow, providing
enhanced ease of use.

• MSI is available in acoustic mode, as well as in 2 or 3 term
elastic mode.
• Deterministic inversion results contribute to the midfrequency band, while geostatistical methods and well
measurements are used to generate the lower and
higher frequency bands. Flexibility is offered to the user
in selecting the geostatistical methods and setting their
parameters for both of these frequency bands.
• An interactive frequency spectrum utility helps users
optimize the definition of the different MSI contributors’
frequency bands.
• Available both for time and depth data. In the depth
domain, a velocity file is used for appropriate depth-timedepth conversions.

Interoperability
All Epos™-based applications enable interoperability with
third-party data stores, including:
■ RESQML 2.0.1
■ OpenWorks® R5000.10
■ GeoFrame® 2012
■ Petrel* 2019 & 2018
■ Recall™ 5.4.2
(* a mark of Schlumberger)

System specifications
■ 64-bit Red Hat® Enterprise Linux® 6.8 and subsequent minor
releases, and 7.1 and subsequent minor releases
■ Microsoft® Windows® 7, 8.1, 10

• A separate guided workflow is available for (co)kriging and
(co)simulation of well data.

The Advantages of Emerson Modified Stochastic
Inversion

• A SKUA-GOCAD™ variogram analyzer is available directly
from the guided workflow interface for best estimation of
the well data variogram.

■ A new and innovative approach to stochastic inversion

• Simple reservoir structures (without faults) do not require
a predefined stratigraphic or geological model, and the
two workflows can create a modeling grid on-the-fly,
based on horizons.
• Complex geology such as faults and salt domes can be
accurately handled by SKUA-GOCAD geological and
stratigraphic grids, which can be accessed from both
guided workflows.

■ A natural extension of the deterministic inversion workflow
■ Faster, more flexible, and easier to use than existing
stochastic inversion solutions
■ High-quality geostatistical process
■ Provides high-resolution reservoir predictions in complex
geology

Use of MSI result to evaluate uncertainties in hydrocarbon location. On the left, hydrocarbon anomalies from deterministic inversion; on the right,
multiple possible hydrocarbon anomalies representation from Modified Stochastic Inversion.
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