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Research	  Objec2ve	  

•  To	  use	  microseismic	  reflec2ons	  for	  imaging	  
the	  subsurface	  

•  Immediate	  goal	  
–  	  Iden2fy	  reflec2ons	  and	  stack	  event	  windows	  to	  	  

•  decrease	  data	  size	  
•  enhance	  S/N	  ra2o	  and	  boost	  reflec2ons	  
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The	  Bossier	  Play	  Wells	  

•  Dowdy	  Ranch	  Field,	  Texas	  

•  Natural	  Gas	  field	  since	  	  
the	  1970’s.	  

•  Five	  sand	  units:	  Taylor,	  
Shelly,	  Moore,	  Bonner,	  
and	  York	  

	  
•  APC	  Anderson#2	  as	  

hydrofracture	  treatment	  
well	  and	  APC	  Anderson	  
#1	  as	  a	  monitoring	  well	  
(twelve	  3	  component	  
geophones	  )	  
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Figure 4: The different types of fracture treatments pumped in 
the Bossier 

 
Figure 1: The Dowdy Ranch field in the East Texas Bossier 
trend 
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Figure 5: Productive sands are found at depths ranging from 
12,000 ft to 15,000 ft 

Figure 2: Productive sands are found at depths ranging from 
12,000 ft to 15,000 ft 
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Figure 3: Six wells in the Dowdy Ranch field were chosen as 
data wells.  
 

Figure 6: Measured and corrected stress profiles 

Sharma	  et	  al.	  2004	  
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What	  we	  have	  

•  Recordings	  with	  no	  fracturing	  treatment	  
(background)	  

•  Recordings	  from	  the	  fracturing	  treatments	  in	  the	  
York	  and	  Bonner	  sands	  

•  A	  spreadsheet	  of	  picked	  and	  located	  events	  in	  
each	  (York	  and	  Bonner)	  

•  A	  sonic	  log	  from	  monitoring	  well	  
	  
Events	  used	  in	  this	  work	  are	  from	  the	  Bonner	  sand	  
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Key	  assump2on	  

Several	  microseisms	  can	  arise	  from	  the	  same	  or	  
proximate	  subsurface	  locaNons	  and	  produce	  
nearly	  idenNcal	  seismograms.	  
	  
	  
Most	  hydraulic	  fracture	  microseisms	  have	  been	  
observed	  to	  have	  the	  same	  source	  mechanism:	  
reacNvated	  slippages	  on	  faults.	  

Jus2fica2on	  
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Reflector	  

Receiver	  

Iden2cal	  events	  and	  reflec2ons	  

Event	  1	  

Event	  2	  
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Key	  assump2on	  

Close	  events	  have	  nearly	  iden2cal	  seismograms	  
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Event	  1	   Event	  2	  

mul2plets	  

Reflec2on	  2	  Reflec2on	  1	  
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Strategy	  

•  Iden2fy	  and	  align	  mul2plets	  	  (replicas)	  of	  
waveforms	  

•  Stack	  to	  increase	  S/N	  ra2o	  and	  possibly	  see	  
reflec2ons	  
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Method	  

Adapted	  from	  earthquake	  seismology	  
1.  Select	  master	  event	  
2.  Find	  replicas	  using	  cross-‐correla2ons	  
3.  Stack	  the	  cross-‐correla2ons	  
4.  Find	  peak	  loca2ons	  
5.  Align	  the	  mul2plets	  	  	  
6.  Stack	  	  
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Master	  Event	  Window	  
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1	  rec.	  

36	  channels	  make	  12	  receivers	  
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Master	  Event	  Window	  
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S-‐direct	  P-‐direct	  

Master	  Waveform	  
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Running	  window	  cross	  correla2on	  
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Event	  Window	  

Master	  waveform	  

Showing	  only	  one	  trace	  for	  simplicity	  
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Cross-‐correla2on	  result	  



Slide #1 

Principles of migration using 
wavefield-continuation 

methods 

Chapter 3 

Running	  window	  cross	  correla2on	  

20	  

Cross-‐correla2on	  result	  
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Cross-‐correla2on	  result	  
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Cross-‐correla2on	  result	  
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Cross-‐correla2on	  result	  
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Cross-‐correla2on	  result	  
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Stacked	  cross-‐correla2on	  
Magnitude	  1	  

Peak	  loca2on	  
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Event	  window	  (not	  master)	  
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Cross-‐correla2on	  peak	  
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Magnitude	  0.3	  

Stacked	  cross-‐correla2on	  peak	  

Peak	  loca2on	  
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With	  master	  event	  window	  

With	  other	  event	  window	  
shie	  
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Stack	  of	  aligned	  event	  windows	  
reflec2on?	  
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Individual	  windows	  
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Individual	  windows	  
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reflec2on?	  



Slide #1 

Principles of migration using 
wavefield-continuation 

methods 

Chapter 3 

Individual	  windows	  

33	  

reflec2on?	  
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reflec2on?	  
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Individual	  windows	  
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reflec2on	  
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Conclusions	  

•  We	  iden2fied	  and	  stacked	  some	  mul2plets	  
and	  their	  reflec2ons	  

•  Stacked	  mul2plets	  and	  reflec2ons	  are	  not	  as	  
strong	  on	  the	  stack	  as	  they	  appeared	  on	  
specific	  individual	  event	  windows	  	  

•  Misalignment	  issues	  
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Future	  work	  

•  Dealing	  with	  misalignment	  
– Use	  frac2onal	  sample	  shies	  
–  Introduce	  trace-‐by-‐trace	  variable	  shies	  (warping)	  
of	  mul2plets	  to	  account	  for	  small	  source	  loca2on	  
changes	  

– Apply	  warping	  to	  reflec2ons	  as	  well	  
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Summary	  

•  Our	  ul2mate	  goal	  is	  to	  use	  microseismic	  
reflec2ons	  to	  image	  the	  subsurface	  

•  We	  have	  successfully	  iden2fied	  and	  stacked	  
mul2plets	  and	  their	  reflec2ons	  

•  We	  s2ll	  need	  to	  work	  on	  some	  alignment	  
problems	  to	  further	  enhance	  S/N	  ra2o	  and	  
boost	  reflec2ons	  
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P-‐direc2on	  projec2on	  of	  stacked	  event	  
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