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Outline 

•  SAFOD & the Duke/USGS Data set 
•  A Bit of Interferometry 
•  Simple Tomography with Earthquake

 Source Data 



San Andreas Fault Observatory 
at Depth (SAFOD) 

•  Consortium of Universities 
and USGS 

•  SLB sold and contributed 
logs and DNVSP 

•  Tom Taylor acquired DNVSP 
as PhD project at Duke 





Plan 







•  3 Component Borehole 
seismic array in pilot hole 
•  Short-spacing 3-
component surface array 



Duke Data Set 
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Duke Data Set 



Duke Data Set 

• C1:C19 Pilot Hole Z 
• C20 Rig Accelerometer 
• C21:C66 Surface Z 
• C67 Rig Accelerometer  
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What is Seismic Interferometry? 

•  Operators built using data 
correlation 

•  So data-adaptive 
deconvolution is interferometry 



Old Wine for New Bottles 





•  Numerator is conjugate of estimated signal (including phase
 terms) 

•  If denominator is omitted (replaced by 1), operator becomes
 correlation with pilot. If EN is estimated by a constant that’s
 water-level decon.  

•  Array decon uses data total energy (and does not depend on
 phase). 

•  Solves F*s = 1 



First Results: Rig Accelerometer 



Better Results: PHC13 as pilot 



16 July 2004: An Unfortunate Encounter 



Channel 9Z at 1256m 

PH Tubewave 

PH Pwave 

File index (1minute per file) 



Data for Imaging 
Decon Separate & Normalize 

•  Aligned gladiator channels for pilot; all borehole channels for 
conditioning 

•  Bin-process common receiver gathers to remove direct arrival  
•  Normalize using tracewise rms noise estimate 
•  Migrate with homogeneous velocity model (Vp = 5.6 km/sec, 

Vs = 3.2 km/sec) 



Drillnoise Images  

P to P P to S 



Additional DNSP Images 

Made by Haldorsen & Taylor from surface data. From Stewart (2006) 



Additional DNSP Images 

Made by Haldorsen & Taylor from combined surface & downhole data. From
 Stewart (2006) 
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Earthquake at about 7km  

P on vertical 

S on horizontal 



Deconvolved Drillnoise with EQ Timepicks  

Earthquake Drillnoise 



EQ Timepicks  

Earthquake 



Lensmaker’s Tomography 

•  Ts = Traveltime from source in
 source medium 

•  Tr = Traveltime from receiver
 in receiver medium 

•  Points where Ts+Tr < Tmeas
 must be inside receiver
 medium 



Block Model to fit EQ Timepicks  

Earthquake 



Finite-Difference Synthetic 

Earthquake 

ERL-FD Model 
(thanks to Yang Zhang, et al) 



Finite-Difference Synthetic 

ERL-FD Model 



Comments 

•  Array Decon looks like a robust & versatile tool. 

•  Lensmask tomography could be applied to more earthquake 
records 

•  The collision between main well & pilot hole was probably 
influenced by guiding in a plane of weakness associated with 
a transverse fault  

•  Thanks for your attention 


