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Motivation

• Summarize various hydrocarbon indicators 
• Which indicator can easily discriminate the 

gas/oil sand from the background
• Which indicator  is more sensitive to pore-

fluid content



Outline

• Hydrocarbon indicators
• Sensitivity analysis for hydrocarbon 

indicators
• (Vp/Vs)dry

2 value analysis
• Conclusion & future work



Rp-g*Rs
(Smith, Gidlow, 1987 and Fatti, 1994)

Rs
Vs
VpRpF *16.1−=Δ Smith and Gidlow (1987)

sp VV 16.11360 +≈
Castagna et al. (1985) 

For gas saturated rocks, ΔF < 0
For water saturated rocks, ΔF ≈ 0

Hydrocarbon indicator



The Elastic Constants
(Russell, Gray and Hampson, 2006)
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Low λ suggests gas saturation
High μ suggests sand 

λ = incompressibility 
μ = rigidity
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The LMR Parameters 
(Goodway, et al., 1997)
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(K - μ) 
(Batzle, Han,and Hofmann, 2001)

μμ −Δ+=− KKK drysat

μ≈dryKKΔ= when
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Ip2-c*Is2
(Russell et al., 2003)
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Gassmann Equation:

Basic equations for Vp and Vs in isotropic, elastic media
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Are they related to each other?

22 2 IsIpsat −=λρ Goodway et al. ,1997

22
dry 333.2)-KK( IsIpK −=Δ+≈− ρμμ

μ≈dryKwhen

Batzle et al. ,2001

, which Implies that c=2.333

Implies that c=2 and Poisson's ratio is 0.

Hedlin, 200022 233.2 IsIpK p −=− μ

when ratio of K dry to μ is equal to 0.9, which implies that c=2.233 



Fluid indicator coefficient:
wet

wetdry

Std
MeanMean −

(Han’s dataset)

Clean sand

Sensitivity analysis
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(Han’s dataset)

Whole dataset

Sensitivity analysis

Fluid indicator coefficient:
wet

wetdry

Std
MeanMean −
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Sensitivity analysis
Clay  

Dry sand (5MPa)

Wet sand (5MPa) 



Sensitivity analysis
Clay  

Dry sand (5MPa)

Wet sand (5MPa) 



Sensitivity analysis
Clay  

Dry sand (5MPa)

Wet sand (5MPa) 



Correlation between C value and porosity for 5 MPa and 50 
MPa. Note that C increase with porosity.

C=(Vp/Vs)dry
2 value analysis

5   MPa

50 MPa



Correlation between C value and porosity for 5 MPa and 50 
MPa. Note that C decrease with clay content.

C=(Vp/Vs)dry
2 value analysis

5   MPa

50 MPa



Crossplot of Ip2-c*Is2 versus Ip for 5 MPa pressure with different c value. 
Observe that there is a best separation between dry sand and wet sand 
for c=2.233

C=(Vp/Vs)dry
2 value analysis

Dry sand (5MPa)

Wet sand (5MPa) 



Crossplot of Ip2-c*Is2 versus Ip for 5 MPa pressure with different c value. 
Observe that there is a best separation between dry sand and wet sand 
for c=2.233
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Crossplot of Ip2-c*Is2 versus Ip for 5 MPa pressure with different c value. 
Observe that there is a best separation between dry sand and wet sand 
for c=2.233
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Conclusions
• Sensitive indicators for pore fluid are

λρ
μ−satK

• (Vp/Vs)dry
2 value depend on porosity, clay content 

and pressure. The best C value need to be 
calibrated and tested for the local situation.

22 cIsIp −



Future work

• Continue studying on the quantitative 
estimation of fluid indicator by using well 
logs and seismic data.

• Apply AVO inversion to the seismic data to  
derive all these fluid indicators to study the 
reservoir fluid properties. 
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