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Objective

Relate seismic attributes to fractures,

... by quantitatively integrating

*Multi-attribute seismic
*Well logs

*Geology

... using Rock Physics



Why Worry About Fractures?

They dominate permeability:
* Can make tight gas economical




What do we need to know?

Where to find “Sweet Spots” for drilling
*Fracture location

*Fracture intensity \

Fracture orientation %

*(Gas, oil, or water? 4
*Permeability




Rock Physics

Discover, understand relations between
*Seismic Attributes:

*Velocity, Impedance

*AVO, Retlectivity
s Attenuation

*Rock and Fluid Properties:
e Fractures
*Gas vs. O1l vs. Water

*Rock type, porosity, mineralogy
*Stress, Pore, Pressure, Temperature



Fractures Can Have
Many Seismic Attributes

*L.ow P- and S-wave velocities

* Anomalous reflectivity (Impedance)
*Low Q (high seismic attenuation)
*[Low Poisson’s Ratio (Vp/Vs ratio)

* Anomalous AVO
» Azimuthal variation i velocity, AVO

... the optimum choice will vary from site
to site



Site-to-site variations result from:
*Rock type
*Fracture geometries
*Fluids
* Acquisition geometries
*Business objective/constraints

... there 1s no “‘silver bullet” that works
everywhere.






Velocity Indicator of Fractures

Fractured Limestone
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Adding Fractures:

o[ owers Seismic Velocities
*Change Seismic Vp/Vs ratio
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Attenuation Indicator of Fractures

Unfractured Fractured
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Adding Fractures: changes amplitude & frequency



Frequency/Amplitude

Tight Sands - Powder River Basin

Line 2: Surface-consistent RMS Amplitude (event at 2.5 seconds)
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Fractures Often Prefer Certain
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Seismic Indicator of
Fracture-Prefered Lithofacies

Fractures “prefer” rocks with Shale
higher Vp, Impedance
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... and we might detect the facies
more easily than the fractures






Amplitude Indicator of Fractures

Fractures elastically soften the rock, changing the
elastic impedance, and lowering reflectivity.



Tight Limestone

Anomalous Stack Amplitude at Fracture clusters
3D Seismic VSP

— unfractured
-=-=-- fractured - gas filled cracks







Azimuthal Seismic Attributes

3D Surveys yield azimuthal variations 1n:
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Tight Gas - Powder River Basin

Azimuthal variations at a CMP Superbin
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Rock Physics
1ows




Rock Physics Worktlow

P-P reflectivity at Azimuth = 0 (from X-axis)
— T

Logs:
Site-specific
Rock properties

[_itholog

Vp vs. Azimuth

— Horizontal Vp - fractured
=== Vnmo - single layer
average Vnmo
Vertical Vp - fractured
— Vp - UNfractured

250

1 200
Azimuth (Degrees from X1 Axis)

Fractured Interval
Properties

LD B
i f

P-P Reflectivity

Specify Compute
*Fractures seismic

*Fluids signature

P-P Reflectivity
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Fracture Details
below Seismic
Resolution

Anomalous Amplitude
at Fracture clusters




AVO
Computed Anomaly: Gas-filled Fractures
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Will We See the Fractures?

P-P AVO, Az = 0 degrees (from X-axis); cap: shale, res; jameslime
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...at this site, AVO can distinguish gas-
filled fractures, but not water-filled.



Can We Distinguish Fractures
from Shale?

Contour Plot and Projected Marginal pdfs
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...at this site, AV O can distinguish gas-
filled fractures from unfractured shale






How are Faults and Fractures
______distributed?




Joints

Intermediate Faults

Courtesy, Juan-Mauricio Florez-Nino
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Gas-filled
Fracture
Strilge?
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Azimuthal Bpp

0.15 ‘ —_
5 — 15 degrees
i TR Y No Anisotro
e A PY
g oo sotopleds | No Fractures?

Q.05 """""""" """ TWO FraCture SetS!

180 0 a0 180 270 360
P-P Reflectivity Azimuth (Degrees from X1 axis) cdx = 05

_ o

gas
002 0 002 004 006




0.15 - ;
: — 15 degrees
01 b .| = 30 degrees
' i 45 degrees
‘ — isotropic 15
005 s g — isOtropic 30 = ==3
: — isotropic 45
0 : ‘
-0.05
OF- .........................................
0 90
Azimuthal Bpp
0.15 ; - ‘
: = 15degrees
O b T 30 degrees
' — I 45 degrees
— isotropic 15
005 o e i o isotropic 30 |3
: isotropic 45
o ;
o

AZImuthal npp

0 90 180 270

360

Quantify Signatures of
Various Fracture Styles

AzZimutnal Rpp
015 1 T

: — 15degrees

01k i | = 30degrees
' IR 45 degrees
— isotropic 15

005 = = === — isotropic 30

— isotropic 45

Azimuthal Bpp

180 270

— 15 degrees
= 30 degrees

----- 45 degrees

— isotropic 15

Lime e es ey —— isotropic 30

— isotropic 45

a0 180 270

360

360



Integration
Viethodology



Independent Constraints

Seismic amplitude Geologic rule




Integration Methodology

Prior
Geological
Info
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Prior crack density distribution




Updated crack density distribution
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Comparison with FMI data




Conclusions

 No “Silver Bullet” for fracture detection:
Anisotropy alone might not be the answer

 Fracture mapping has many pitfalls

* Rock physics can help reduce risk, by:
*Quantifying signatures of fracture scenarios
*Exploring effects of rock types, fluids
*Integrating well log and seismic constraints
*Finding optimum attributes
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