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Introduction = gy

AWnhy subsurface modeling ?
Understanding the spatial distribution
Development plans and behavior prediction
Central piece of information: gateway for expertise and aggregating data

AWhat are critical issues ?

Diversity of data , geological, geophysical and fluid flow parameters
Data with different scale of information , models with different resolution
Hierarchy in model building
Subjectivity in model building, few ground truths
Uncertainty in all model and data aspects

Pyrcz and Deutsch 2004
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Subsurface  modelling
: Seismic
Conceptual Geological - surfaces/stratigraphy/fluids
i e — stratigraphic interpretations — attributes for porosity, facies
- analogue fields/outcrops - 4-D seismic for monitoring

UAE/Qman
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Aptian Paleogeography

"™| "+ Stnuiba Formation & Lawer Cretaceous in age
* It represents complex: depositional environment that
|| S Well Lo meaGare
i s e
e Surface locations
- lithotacies/geciogic data

- porosity/permeability

0il Production Rate l
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| ( Y/ - Science
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Engineering Data Forward Sediment Modeling
- DST/RFT data - stacking patterns
- pressure transienttracer - geometric data for facies
- historical Q,P,C data - spatial information for ¢/K
Pyrcz and Deutsch 2004
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Geophysical subsurface  characterization o g

AUsing quantitative interpretation  of seismic/geophysical data to
characteri ze the earthos 1 nternal

ACreate probability maps of rock and fluid properties: facies + fluids

ABuild quantitative earth models constrained to geophysical interpretation
and honoring spatial geologic continuity: geological plausibility



Geophysical
Inversion



™, Geophysical data

|:| Rock properties
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Geostatistical geophysical  Inversion

1) Consistent framework for acoustic/elastic/rock properties.
2) Global perturbation with Direct Sequential Simulation (all flavours)

3) Stochastic global optimizer based on local mismatches between simulated and observed data



Geostatistical geophysical inversion

Mineral deposits characterization
Geotechnical characterization
Groundwater modelling

Oil and gas reservoirs



One framework fits it all

Azevedo et al. 2018.

Geostatistical seismic Amplitude Xersuszngle
Soares et al. 2007 irvErsion

Stochastic Inversion with a Global Perturbation Cyz and Azevedo 2020
Method Direct Geostatistical Seismic Amplitude Versus Angle Inversion for Shale Rock Properties

Azevedo et al. 2019
Geostatistical rock physics AVA inversion

AVA Azevedo et al. 2020
i . AVA Rock covedoetal aven .
| EIaSt.IC AVA Inversion Phvsics Stochastic perturbation optimization for discrete-
Acoustic el Inversion w/ Facies y continuous inverse problems
Inversion GEl
GSI
Nunes et al. 2012 Azevedo et al. 2015 Direct
Integration of well data into Facies
geostatistical seismic -
'I\A\/Iilet;:jein(:gniti(ﬁ:.alzsocjﬁin for the evaluation of a amplitude variation with angle nversion ézeved'o 'et |a|s 202'0 | i ith Self
. ! scaling for . inversion for facies estimation eostatistical seismic nversion with seit-
geostatistical seismic elastic inversion methodology Updating of Local Probability Distributions
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Geost

Geost bC

EDEM inversion

Self- . .
inversion

learning
e GSlI

Azevedo and Demyanov 2019

Multiscale uncertainty assessment in geostatistical seismic inversion . : Narcisaretal: 202.0
Geostatistical inversion of electromagnetic

induction data for landfill modelling
26 May. 2021
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Geostatistical seismic inversion 28 gmr

Stochastic simulation Synthetic geophysicRéal geoph
of model properties dat a dat a

For war d
—

Selection of best |sampl es

Cosi mul ati on of*
model s

Azevedo & Soares. Geostatistical methods for reservoir geophysics. 2017
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Key features

Reproduction of well data, variogram, marginal and joint distributions
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Joint distribution from well-log

Joint distribution from well-log
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Global Stochastic Inversion (GSI) 58 g

A Realizations of Ip from last iteration
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Global Stochastic Inversion (GSI) 58 g

A Mean from realizations of last iteration




Global Stochastic Inversion (GSI) 58 g

A Variance from last iteration seismic
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Global Stochastic Inversion (GSI) 58 g

A Best-fit synthetic seismic




One framework fits it all

Azevedo et al. 2018.

Geostatistical seismic Amplitude Xersuszngle
Soares et al. 2007 irvErsion

Stochastic Inversion with a Global Perturbation Cyz and Azevedo 2020
Method Direct Geostatistical Seismic Amplitude Versus Angle Inversion for Shale Rock Properties

Azevedo et al. 2019
Geostatistical rock physics AVA inversion

AVA Azevedo et al. 2020
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Geostatistical inversion of electromagnetic

induction data for landfill modelling
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How to model the spatial distribution of rock

properties?

Porosity

Fluid saturations
Volume of minerals
Pressure
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How to model the spatial distribution of rock

properties?

Porosity

Fluid saturations
Volume of minerals
Pressure
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Introduction . rock physics modelling o Qe

Minerals
- - VP:VS
Porosity ~— o o
: ® "
_ - Mixing Bounds
Fluids _ =
— Granular Media Models P
ROCK PROPERTIES Inclusion Models ELASTIC PROPERTIES
Pressure/ - Gassmann K
Temperature S-wave Prediction R
< Rock Physics Templates _
Pore Shapes . n

N
Cement - =
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Calibration at

the well

VWSh
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Geostats . seismic rock physics

Inversion
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E Stochastic Sequential .
| Simulation of S,, from well- :
: log data (DSS) :

= 1-"-..-. e —

i Stochastic Sequential co- -
i Simulation of ¢ :
‘ given S,,(co-DSS) :

Stochastic Sequential co-
Simulation of V;, given ¢
(co-DSS)

Synthetic Seismic
calculation and
comparison with Real
Seismic reflection data

synthetic seismic is reached.

Select local best
correlation
coefficients with
corresponding
petrophysical
traces

Use best models as a secondary variable for the co-
simulation of the next set of models
lterate until a given correlation coefficient between real and

Calibrated
facies-
dependent
Rock Physics

Azevedo, Grana, Amaro. Geostatistical rock physics AVA inversion 2018
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Real case application  example
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Inverted  petro -elastic
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Relationship
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Blind well

assessment
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One framework fits it all

Azevedo et al. 2018.
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Geostatistical FDEM inversion
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Stochastic simulation of Ns models

Forward model

(synthetic + sensitivity)
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Synthetic QP & IP
Depth sensitivity per offset
/. "{ s / _j’ e / ;if' s
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Compare

offset -

Iterate. co-simulation of
a new set of Ns models

Select EC and MS models

<« with highest §
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Observed data QP & IP 'per offset
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