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Outline

Review of workflows useful in the Barnett Shale
• Volumetric attributes
• Basement control of faulting and collapse
• Velocity anisotropy analysis
• Azimuthal AVO analysis
• Improved lateral resolution through innovative migration

Some flash images of preliminary application of these techniques to the 
Woodford Shale
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Presenter
Presentation Notes
Post-stack time migrated (a) vertical section through the seismic amplitude along line BB’ and (b) time slice at 1.7 s at the approximate basement level through the corresponding coherence volume. Yellow arrows indicate the top of the Pennsylvania Caddo, Cambro-Ordovician Ellenburger, and Basement horizons.  The basement is well illuminated and faults appear to align. (After Aktepe et al., 2008).
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Presenter
Presentation Notes
Pre-stack time migrated (a) vertical section through the seismic amplitude along line BB’ and (b) time slice at 1.7 s at the approximate basement level through the corresponding coherence volume. Yellow arrows indicate the top of the Pennsylvania Caddo, Cambro-Ordovician Ellenburger, and Basement horizons.  Shallow faults such as that indicated by the green arrow are better delineated. There is a slight increase in lateral resolution at an above the Ellenburger. However, migration artifacts (cyan arrow) contaminate the image, while the basement is less well illuminated in the zone indicated by the magenta arrow. (After Aktepe et al., 2008).
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Presenter
Presentation Notes
Post-stack depth migrated (a) vertical section through the seismic amplitude along line BB’ and (b) time slice at 12 kft at the approximate basement level through the corresponding coherence volume. Yellow arrows indicate the top of the Pennsylvania Caddo, Cambro-Ordovician Ellenburger, and Basement horizons.  While the image is contaminated by random migration noise, notice that the now observe a structural high in the basement (magenta arrow) that was not apparent in the either of the time-migrated images. (After Aktepe et al., 2008).
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Presenter
Presentation Notes
Pre-stack depth migrated (a) vertical section through the seismic amplitude along line BB’ and (b) time slice at 12 kft at the approximate basement level through the corresponding coherence volume. Yellow arrows indicate the top of the Pennsylvania Caddo, Cambro-Ordovician Ellenburger, and Basement horizons.  The basement high indicated by the magenta arrow is somewhat higher and more steeply inclined to the SE than in the post-stack depth migration image. The down-dropped fault block indicated by the orange arrow in now rotated. Green arrows indicate reflectors in the Cambro-Ordovician section that were previously poorly illuminated. (After Aktepe et al., 2008).




8 (Baruch et al., 2009)
(Pollastro, 2007)

Magnetic tilt derivative map

Structural components of 
the Fort Worth Basin

Presenter
Presentation Notes
Main structural features in the FWB (Modified from Pollastro, 2007) and the horizontal derivative of the magnetic tilt derivative map of the area. Surveys I and II are discussed in the following figures. (After Baruch et al., 2009). 
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Time-Structure Maps of Shale Sequencies
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GEOLOGY BACKGROUND

Courtesy of Elebiju, 2009

(Perez , 2009)
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Micro-Seismic studies 
suggest that large E.U.R. 
depends on creation (by 
hydrofractures) of large 
network of multi-azimuth 
vertical fractures

Induced fractures versus expected ultimate 
recovery (E.U.R.)
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(Simon, 2005)

Presenter
Presentation Notes
The extend and azimuth of these fractures can be related to : 
 - Stress field	
- Pre-existing natural fractures, open or filled (plan of weakness on each side)
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Azimuthal velocity anisotropy vs. induced 
fractures (Fort Worth Basin, Texas, USA)
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Presenter
Presentation Notes
Velocity anisotropy at the reservoir level, plotted as icons. The azimuth and length of the icons reflect the azimuth and magnitude of the fast velocity, vf. The color of the icon is proportional to the difference between the fast and slow velocity values, vf – vs. Black lines indicate fractures induced by hydrofracturing, mapped here using microseisms. After Simon (2005). The data are courtesy of Devon Energy.
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Azimuthal velocity anisotropy vs. induced 
fractures (Fort Worth Basin, Texas, USA)
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Presenter
Presentation Notes
Velocity anisotropy at the reservoir level, plotted as icons. The azimuth and length of the icons reflect the azimuth and magnitude of the fast velocity, vf. The color of the icon is proportional to the difference between the fast and slow velocity values, vf – vs. Black lines indicate fractures induced by hydrofracturing, mapped here using microseisms. After Simon (2005). The data are courtesy of Devon Energy.
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8-21

1 km

Azimuthal velocity anisotropy vs. most positive 
curvature (Fort Worth Basin, Texas, USA)
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Presenter
Presentation Notes
P-wave anisotropy, overplotted onto maximum curvature. Note how the azimuth of the fast velocity, vf , lines up with the ridges and valleys seen in the curvature. After Simon (2005). The data are courtesy of Devon Energy.
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Curvature and microseismic?

Minimum Stress Direction Map of Microseismic events 

(Awasekien , 2009)
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(Roende et al., 2008)
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Coherence applied to Azimuthally-Limited 
Volumes

Time slices at 1.514 s

All-azimuth volumeLimited-azimuth volume

(Chorpa , 2005)

Presenter
Presentation Notes
The impact of azimuthal binning on coherence. (a) A coherence image run on all azimuths. (b) A coherence image run on azimuths restricted to 45. The images are courtesy of Core Lab.
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Can we predict 
‘fracability’ from λ-μ

cross plots of shales?

(Goodway et al. , 2007)
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Can we predict ‘fracability’ from λ-μ
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(Goodway et al. , 2007)
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Natural fractures in the Woodford Shale 
(Wyche shale pit, OK)

(Portas, 2009)

Presenter
Presentation Notes
Picture from the Wyche Shale Pit Wall #4 showing fracture planes with close to west-east strike, possibly representing extensional fractures.  (After Portas, 2009).
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Summary
In the core area of the Fort Worth Basin:

•Large fractures and karst can be readily identified by using 3D wide-azimuth 
seismic volumes; these features often result in production of water from the 
Ellenberger
•Mapping fractures and karst can be facilitated by coherence and curvature
•Fractures at the target area correlate to those in the Basement
•Minor fractures are almost always healed and have been shown to be 
correlated to paleo-deformation. Induced fractures preferentially follow the 
direction of maximum horizontal stress

In other areas:
•Production (EUR) appears to be enhanced by natural fractures seen in 
curvature

In other areas:
•Production (EUR) appears to be enhanced by natural fractures seen in 
curvature

Further development is needed in:
•Correlating surface seismic AVO and AVOA to core and EUR for a wider 
suite of shale reservoirs
• Improving resolution of anisotropy velocity analysis
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