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Phase	
  shiL	
  of	
  reflec?on	
  

•  Reflected	
  waves	
  acquire	
  phase	
  shiL	
  as	
  func?on	
  of	
  incidence	
  angle	
  
1.  Phase	
  shiL	
  depends	
  on	
  elas?c	
  material	
  contrast	
  at	
  reflector	
  
2.  Phase	
  of	
  wave	
  mostly	
  unaffected	
  by	
  transmission	
  

•  Therefore	
  useful	
  property	
  to	
  invert	
  for	
  reflector	
  proper?es	
  
•  Reservoir	
  characteriza?on	
  

•  For	
  this	
  we	
  need	
  efficient	
  forward	
  model	
  
•  Full	
  domain	
  elas?c	
  wavefield	
  	
  
simula?ons	
  are	
  expensive	
  

•  Use	
  local	
  solver	
  around	
  
reflector	
  to	
  reduce	
  cost	
  

Zhu	
  and	
  McMechan	
  (2012)	
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Phase	
  shiL	
  example	
  

•  Demonstrate	
  phase	
  	
  
shiL	
  of	
  reflec?on	
  in	
  	
  
elas?c	
  shotgather	
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Local	
  solver	
  

•  Model	
  phase	
  shiL	
  efficiently	
  using	
  local	
  solver	
  
•  Use	
  concepts	
  from	
  Robertsson	
  and	
  Chapman	
  (2001)	
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   R	
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Local	
  solver	
  con?nued	
  
•  Accurately	
  models	
  primary	
  reflec?ons	
  on	
  any	
  model	
  update	
  inside	
  local	
  solver	
  
•  Smaller	
  domain	
  -­‐>	
  faster	
  simula?ons	
  
•  Require	
  many	
  precomputa?ons	
  

•  Greens	
  func?ons	
  from	
  source	
  to	
  receivers	
  
•  Greens	
  func?ons	
  from	
  source	
  to	
  local	
  domain	
  
•  Greens	
  func?ons	
  from	
  receiver	
  to	
  local	
  domain	
  (boundary	
  integral)	
  

•  These	
  elas?c	
  full	
  domain	
  simula?ons	
  are	
  expensive!	
  

PML	
  

PML	
  

S	
   R	
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Local	
  solver	
  op?miza?on	
  

•  Many	
  expensive	
  elas?c	
  full	
  domain	
  simula?ons	
  
•  Recall	
  observa1on:	
  Phase	
  shiL	
  not	
  affected	
  by	
  propaga?on	
  through	
  
overburden	
  

•  Idea:	
  Use	
  cheap	
  Constant	
  Density	
  Acous?c	
  (CDA)	
  simula?on	
  for	
  
Green’s	
  func?ons	
  instead.	
  
•  Fewer	
  full	
  domain	
  simula?ons	
  
•  Each	
  simula?on	
  much	
  cheaper	
  
•  Fewer	
  model	
  parameters	
  
•  Fewer	
  field	
  variables	
  (scalar	
  now)	
  
•  Update	
  equa?ons	
  simpler	
  
•  Larger	
  grid	
  spacing,	
  fewer	
  nodes	
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Mixed	
  CDA-­‐Elas?c	
  local	
  solver	
  

•  Background	
  model	
  CDA	
  
•  Model	
  update	
  Elas?c	
  

PML	
  

PML	
  

S	
   R	
  

PML	
  

m0(x)	
  
CDA	
  

m(x)	
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  λ

ACOUSTIC-­‐ELASTIC	
  TAPER	
  

m0(x)	
  
CDA	
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Synthe?c	
  Example	
  
•  Background	
  model	
  is	
  CDA	
  -­‐>	
  no	
  longer	
  need	
  elas?c	
  full	
  domain	
  solves!	
  
•  Example:	
  simplified	
  synthe?c	
  North	
  Sea	
  model	
  

•  Large	
  contrast	
  chalk	
  layer,	
  postcri?cal	
  reflec?ons	
  
•  Model	
  update	
  on	
  top	
  of	
  Vp	
  only	
  background	
  model	
  

•  Tapered	
  density	
  model	
  
•  Tapered	
  Vs	
  model	
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Synthe?c	
  Example	
  con?nued	
  
•  Compare	
  phase	
  

1.  Full	
  domain	
  elas?c	
  solver:	
  True	
  Vp(x),	
  True	
  rho(x),	
  True	
  Vs(x)	
  
2.  Full	
  domain	
  elas?c	
  solver	
  :	
  True	
  Vp(x),	
  Tapered	
  rho(x),	
  Tapered	
  Vs(x)	
  
3.  CDA	
  Green’s,	
  elas?c	
  local	
  solver	
  :	
  True	
  Vp(x),	
  Tapered	
  rho(x),	
  Tapered	
  Vs(x)	
  
4.  Full	
  domain	
  elas?c	
  solver	
  :	
  True	
  Vp(x),	
  constant	
  rho,	
  constant	
  zero	
  Vs	
  

•  Red	
  and	
  blue	
  lines	
  almost	
  
perfectly	
  overlap	
  

•  Red	
  and	
  black	
  lines	
  
have	
  similar	
  phase	
  

•  Amplitude	
  and	
  phase	
  
of	
  red	
  line	
  much	
  
beher	
  than	
  green	
  line	
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Remarks	
  

•  Acous?c	
  state	
  requires	
  tapering	
  Vs	
  to	
  0.0	
  m/s	
  
•  Very	
  large	
  transi?on	
  
•  Adapted	
  methodology	
  to	
  taper	
  to	
  nonzero	
  Vs	
  
•  Gives	
  slightly	
  more	
  accurate	
  phases	
  s?ll	
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Summary	
  

•  Introduced	
  mixed	
  acous?c-­‐elas?c	
  local	
  solver	
  
•  Avoids	
  large	
  cost	
  of	
  full	
  domain	
  elas?c	
  simula?ons	
  
•  Reproduces	
  elas?c	
  phase	
  shiLs	
  accurately	
  
•  Future	
  work:	
  
•  Reduce	
  size	
  of	
  tapers	
  for	
  faster	
  simula?ons	
  
•  Don’t	
  compute	
  full	
  ?me	
  range	
  
•  Use	
  in	
  inversion	
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Thank	
  you	
  for	
  your	
  ahen?on	
  

•  I’m	
  happy	
  to	
  take	
  ques?ons	
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ADDITIONAL	
  SLIDES	
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Phase	
  varia?on	
  in	
  reflected	
  wave?	
  

•  Today’s	
  topic:	
  efficiently	
  model	
  phase	
  of	
  reflected	
  wave	
  
•  Relate	
  to	
  a	
  familiar	
  concept	
  
•  Reflec?on	
  amplitude,	
  func?on	
  of	
  angle	
  
•  Zoeppritz	
  equa?ons	
  
•  Assumes	
  plane	
  wave,	
  how	
  about	
  spherical	
  wave?	
  	
  

•  ‘Smoothing’	
  over	
  angles	
  
•  Postcri?cal	
  waves	
  have	
  phase	
  shiL	
  

Zhu	
  and	
  McMechan	
  (2012)	
  


