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Reservoir	  Characteriza/on	  for	  
Unconven/onal	  Gas	  Shale:	  	  	  
	  
	  

What	  proper/es	  to	  characterize?	  	  
	  
	  
	  

What	  data	  to	  use?	  	  
	  
	  
	  
	  

What	  method	  to	  use?	  	  
	  
	  
	  

How	  to	  address	  uncertainty?	  	  
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1	  µm	  

3	  

Reservoir	  Characteriza/on	  for	  
Unconven/onal	  Gas	  Shale:	  	  	  
	  
	  

What	  proper/es	  to	  characterize?	  	  
Porosity	  	  
Pore	  Shape	  
	  

What	  data	  to	  use?	  	  
Well	  Log	  Data	  (Well	  A	  and	  B)	  
Core	  Data	  (Well	  A)	  
Seismic	  Data	  
	  

What	  method	  to	  use?	  	  
Self-‐Consistent	  Model	  	  
A	  Grid	  Search	  Method	  
	  

How	  to	  address	  uncertainty?	  	  

Images from: Curtis et al.,2010 
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Age:	  ~	  150	  ma,	  Jurassic; 	   	  Capacity:	  TOC	  ~	  5%	  on	  average;	  ~	  100	  tcf;	  
Depth:	  10,000	  T	  to	  13,000	  T;	   	  Variable	  porosity,	  low	  permeability.	  
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1μm	  

5	  

c	  
a	  

Aspect	  raDo	  =	  c/a	  

Images from: Curtis et al.,2010 
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Well	  A	   Well	  B	  
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Well	  A	   Well	  B	  
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28	  samples	  at	  different	  depths	  within	  the	  Haynesville	  formaDon	  	  

Data	  from	  Dr.	  Ursula	  Hammes	  in	  BEG	  
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20 40 60 80 100
fractions %

1=qtz, 2=fs, 3=plag, 4=cal
5=dol, 6=pyr, 7=kero, 8=clay
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Qtz	   Clay	  

Cal	  

Kero	  
Pyrite	  
Dolo	  
Cal	  
Plagio	  
Fs	  
Qtz	  

Clay	  

Percent	  %	  

5812.5	  

5545.5	  

5676	  



EquaDons:	  Mavko	  et	  al.,	  2009	  

Advantages:	  
-‐-‐Not	  limited	  by	  certain	  composiDon	  
-‐-‐Ability	  to	  model	  N	  phases,	  and	  their	  	  	  	  	  	  	  	  	  	  	  
shapes	  and	  spaDal	  distribuDon	  

Pore	  
Mineral	  Grain	  

Matrix	  with	  	  
EffecDve	  Moduli	  

9	  /29	  In-‐situ	  pore	  fluid	  bulk	  modulus	  of	  1	  is	  used	  



Porosity	  DistribuDon	  	  
Φ~U(0,	  0.25)	  The	  Self-‐

Consistent	  
Model	  

Calibra/on	  well	  (Well	  A)	  
Porosity,	  P-‐Impedance,	  
and	  ComposiDon	  (from	  

XRD)	   Calculate	  P-‐Impedance	  
(Ipmodel)	  as	  decision	  space	  

Well	  Data	  (Well	  A	  and	  B)	  
P-‐Impedance	  (Ipobs)	   Evaluate	  the	  ObjecDve	  

FuncDon	  
|Ipmodel-‐Ipobs|	  

Obtain	  the	  porosity	  
esDmaDon	  for	  the	  wells	  

(Well	  A	  and	  B)	  

Grid	  Search	  Method	  
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Porosity	  DistribuDon	  	  
Φ~U(0,	  0.25)	  The	  Self-‐

Consistent	  
Model	  

Calibra/on	  well	  (Well	  A)	  
Porosity,	  P-‐Impedance,	  
and	  ComposiDon	  (from	  

XRD)	   Calculate	  P-‐Impedance	  
(Ipmodel)	  as	  decision	  space	  

Well	  Data	  (Well	  A	  and	  B)	  
P-‐Impedance	  (Ipobs)	   Evaluate	  the	  ObjecDve	  

FuncDon	  
|Ipmodel-‐Ipobs|	  

Obtain	  the	  porosity	  
esDmaDon	  for	  the	  wells	  

(Well	  A	  and	  B)	  

Grid	  Search	  Method	  
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Well A

~	  5%	  

The	  composi/on	  assemblage:	  	  
38%	  quartz,	  30%	  clay,	  14%	  limestone,	  
7.8%	  plagioclase,	  5%	  kerogen,	  3%	  
dolomite,	  2%	  pyrite,	  and	  0.2%	  feldspar	  
	  
The	  pore	  aspect	  ra/os	  ~	  N(0.12,	  0.012)	  
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Self-‐Consistent	  
Model	  
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Porosity	  DistribuDon	  	  
Φ~U(0,	  0.25)	  The	  Self-‐

Consistent	  
Model	  

Calibra/on	  well	  (Well	  A)	  
Porosity,	  P-‐Impedance,	  
and	  ComposiDon	  (from	  

XRD)	   Calculate	  P-‐Impedance	  
(Ipmodel)	  as	  decision	  space	  

Well	  Data	  (Well	  A	  and	  B)	  
P-‐Impedance	  (Ipobs)	   Evaluate	  the	  ObjecDve	  

FuncDon	  
|Ipmodel-‐Ipobs|	  

Obtain	  the	  porosity	  
esDmaDon	  for	  the	  wells	  

(Well	  A	  and	  B)	  

Grid	  Search	  Method	  
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Sm
aller	  

Larger	  
Error	  
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Error	  
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The	  pore	  size,	  pore	  shape,	  and	  
composi/on	  may	  vary	  spa/ally	  
within	  the	  Haynesville	  Shale	  
forma/on	  	  
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~	  26%	  



Porosity	  (Φ)	  and	  P-‐impedance	  (Ip)	  
distribuDon	  from	  data	  

Φ~N(Φobs,0.022);	  Ip~N(Ipobs,0.12)	  

Accept	  the	  
corresponding	  Pore	  

Aspect	  RaDo	  

|Φ-‐Φmodel|<=1e-‐3	  
|Ip-‐Ipmodel|<=1e-‐2	  

Repeat	  at	  Each	  Depth	  

SCMs	  with	  all	  
possible	  Pore	  Aspect	  

RaDos	  
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v Porosity	  esDmaDon	  
can	  be	  verified	  at	  the	  
well	  locaDons	  

	  
v Pore	  aspect	  raDo	  
esDmaDon	  cannot	  be	  
verified.	  However,	  
microstructure	  
images	  of	  core	  
samples	  provide	  
helpful	  informaDon	  	  
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Images from: Curtis et al.,2010 



EsDmate	  conDnuous	  porosity	  
and	  pore	  aspect	  raDo	  

distribuDons	  for	  3D	  volume	  
27	  

Invert	  3D	  seismic	  data	  to	  obtain	  
spaDally	  conDnuous	  distribuDons	  

of	  P-‐	  and	  S-‐impedances	  

Simultaneously	  esDmate	  Porosity	  and	  Pore	  Aspect	  RaDo,	  using	  both	  
P-‐	  and	  S-‐Impedance	  

/29	  



v The	  self-‐consistent	  model	  provided	  constraints	  on	  the	  
composiDon	  and	  pore	  shape	  based	  on	  P-‐impedance	  
for	  the	  Haynesville	  Shale	  

	  
v Porosity	  and	  pore	  shape	  for	  the	  Haynesville	  Shale	  has	  
been	  characterized	  by	  the	  rock	  physics	  modeling	  and	  
a	  grid	  search	  method	  	  

	  
v Invert	  3D	  seismic	  data	  to	  obtain	  spaDally	  conDnuous	  
distribuDons	  of	  P-‐	  and	  S-‐impedances,	  and	  therefore	  
obtain	  3D	  porosity	  and	  pore	  aspect	  raDo	  distribuDons	  
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