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Abstract

The field of rock physics represents the link between qualitative geological parameters and quantitative geophysical
measurements. Increasingly over the last decade, rock physics has become an integral part of quantitative seismic interpretation
and stands out as a key technology in petroleum geoscience. Ultimately, the application of rock physics tools can reduce
exploration risk and improve reservoir forecasting in the petroleum industry. In particular, rock-physics templates (RPT), in
combination with seismic AVO inversion data, can be used to screen for hydrocarbon prospects during exploration. Rock-
physics models are essential in that they help in converting elastic parameters from inversion data to reservoir parameters.
Furthermore, the anatomy of rock physics crossplots and the trends observed in petrophysical/seismic data can be linked to
geological processes (i.e. depositional and diagenetic). In this presentation, we will demonstrate the use of rock-physics
templates to identify depositional facies and burial trends in geophysical data. We will also show how we can disentangle fluid
trends (i.e. hydrocarbon saturation) from geological trends (lithology and porosity). We show examples from selected deep-
water systems from the Norwegian Shelf and offshore West Africa.
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Abstract

Rock-physics templates (RPT), in combination with scis-
mic AVO inversion data, can be used to screen for hydrocar-
bon prospects during exploration. With the improved quality
and increased use of clastic scismic inversion, there has re-

cently been a paradigm change in prospect mapping in the oil

industry, and quantitative interpretation has become a widely
* Defining rock physics attibutes optimal

help in converting clastic parameters from inversion data to

rescrvoir parameters. In the screening phase of inversion data,

M M M rock-physics models also can reveal hydrocarbon-associated

or seismic screening an i T e i
hydrocarbons from scismic—the curved pscudo-clastic im-

pedance and the trend angle. The first of these is similar to

the extended clastic impedance or the fluid factor in that it
represents a deviation from a wet-background trend in a rock-

physics template. However, it honors the nonlinear nature
of a compaction trend. The trend angle is a measure of slope
angle between two adjacent data poins in the Al-versus-V,/V,

crossplot, and this attribute will highlight fluid trends in the

* Demonstration from Norwegian Sea e e e e
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strated on data from the Norwegian shelf.
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AVO is controlled by contrasts in Al and Vp/Vs
(assuming isotropic, elastic media)

Offset gather

Verm and Hilterman approx:
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Seismic inversion in a nutshell: 17

Integration Modelling
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Seismic trace Reflectivity Relative Low-frequency Absolute
series impedance trend impedance

Simultanous AVO inversion = Do the above procedure on angle stacks,
simultaneously, with angle-dependent wavelet, to estimate Al and Vp/Vs (and
density).




How do hydrocarbons affect Al and Vp/Vs? TRA
(Gassmann theory) J |
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Projections of
rock physics models in
Al vs Vp/Vs space



TULLOW

—
a

Teaser: Can you detect the 3 discovery wells? []
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Rock physics template analysis of “Teaser” data
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Rock physics template analysis of "Teaser” data TRA
(Average value in reservoir sand unit shown) |
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Rock physics template analysis of Well A Lt

Extracting seismic fluid sensitivity and rock stiffness attributes s
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Well log data and estimated rock physics attributes, Well A m

Rock Fluid
stiffness detection
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log (Deep Resistivity)

Demonstrating the connection between attributes and
distinct physical properties (data from Well A) s
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Rock physics template analysis of Well B
(Jurassic reservoir in rotated faultblock)
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Estimated rock physics attributes in Well B [
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Controlling the physical relationships in Well B: W
J |
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CPEI separates fluid saturation (i.e. resistivity); PEIL correlates perfectly with shear modulus.
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Investigating downflank water leg on same fault-block [
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Rock physics template analysis of well log and seismic inversion data @Well B []
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Colour = CPEI

Well log data

Seismic inversion
data @Well B (gas)
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(Note that we are capturing more of
overburden shale in downflank position for
a given time interval.)



CPEl and PEIL attributes along random line;
from Well 1 (gas), via prospect, Well 2 (gas), via deeper graben, and
Well 2 (hot shale)
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Rock physics template analysis of well log data versus
seismic inversion data, corresponding to random line 2 | ]
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Pit-falls and uncertainties n°*

Data quality (noise, multiples, imaging issues, processing artifacts)

Overburden effects

Offset to angle estimations

Gather alighement

Poor well ties and wavelet estimation uncertainties

Anisotropy

Attenuation

Refractions

Tuning and thin-bed effects

Low-frequency model uncertainties

Inversion non-uniqueness

Wrong choise of rock physics model and model parameter uncertainties

Fluid properties

Low gas-saturation (same Al and Vp/Vs as commercial saturation).

Poor fluid sensitivities versus geologic variability (overlaps between HC and water classes)
Poor geologic control (unknown or surprising geologic scenarios away from existing wells)



Geologic variability and rock physics uncertainties — Lt

— More unknowns than observables! /

a

Well sorted Arenite, compacted.  Lithostatic pressure - normal pressure - overpressure = 20MPa
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1) Increasing clay volume; 2) Increasing cement volume; 3) Increasing porosity;
4) Increasing pore pressure; 5) Increasing HC-saturation



Rock physics uncertainties (ctd.)

Vp/Vs

Avseth et al., 2009
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Trend analysis; investigating a way to separate oil trend from

cement trend in RPT plot
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Por, Al, Vp/Vs and Trend angle versus depth (simulated data) m
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Trend angle analysis along random line 2 2
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Good low-f model and optimal wavelet

Well sorted Arenite, compacted.
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Lithostatic pressure - normal pressure - overpressure = 20MPa
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Representative low-f model, but poor wavelet

Well sorted Arenite, compacted.
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Lithostatic pressure - normal pressure - overpressure = 20MPa
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Bad low-f model, but optimal wavelet

Well sorted Arenite, compacted.
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Lithostatic pressure - normal pressure - overpressure = 20MPa
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Conclusions
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Based on rock physics models, we have defined some useful attributes for screening of
fluid saturation and rock stiffness from seismic AVO inversion data.

The defined attributes are similar to the extended elastic impedance approach. However,
the CPEI attribute honors the non-linear behavior of the water-saturated background
trend in the Al-Vp/Vs crossplot domain.

The attributes (CPEI and PEIL) have been validated on well log data and applied to seismic
inversion data from the Norwegian Sea. Proven discoveries are nicely identified with our
seismic screening methodologies.

The trend angle attribute can discriminate diagenetic events from hydrocarbon saturated
reservoirs in a rock physics template, as both tend to have low Vp/Vs. The attribute can
work even for well consolidated rocks where fluid sensitivities are relatively low.

The main pit-falls in this work includes low gas saturation, anisotropy effects, and errors
in the low-frequency model and/or wavelet estimation.



Quantitative seismic interpretation = Paradigm Change!
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Seismic inversion should be used like
a lamp post - to light the way, not to
lean upon.

— John Clearbout, 1985

Seismic inversion, integrated with
rock physics and geology, can be
used like a lamp post — to light the
way and to lean upon.

— Tullow Oil Norge, 2015

Technology leap and improved integration!
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