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6.6 The generalized fluid term extraction 

6.6.1 C  value extraction  

To estimate the value of drysp VV 2)/(  at the well location, the dry values for the P-wave 

and S-wave velocity and density at the well location were inverted using the Gassmann 

equation. The local bulk modulus and density for the fluid was generated from the Batzle 

and Wang equations (Kumar, 2006). Figure 6.12 shows the estimated drysp VV 2)/(  values 

for the zone of interest. Figure 6.13 is the crossplot of c  value versus porosity for well 

08-08 at a depth interval of 1500 m-1750 m. It can be observed that c  is approximately 

2.3 for the Glauconitic sand and 2.7 for the shale. 

The zone of interest is the Glauconitic upper and lower incised valleys and the purpose of 

this study is to discriminate the Glauconitic upper and lower incised valley from the shale 

background and to detect the fluid content inside the channel system. Thus, we choose 

the average c  value for Glauconitic sand. From the Figure 6.13, the optimal value for 

upper and lower incised valley is 2.33.   

 

 

 

 

 

 

 
Figure 6.12 The estimated c  value and gamma, density and lithology well logs for 08-08 
well. 
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Figure 6.13  Crossplot of c  value versus porosity for well 08-08, depth interval:1500 m-
1750 m. 
 

If the P-wave and S-wave sonic logs and density log are available, we can study the 

discrimination power of the logs and their transforms for lithology and fluid identification. 

Figure 6.14 shows the value of λρ  (track 3), Poisson’s ratio (track 4), μ−K  (track 

5), sp VV / ratio (track 6), and 22 * IscIp − (track 7) calculated using the P-wave and S-

wave velocity and density for the 08-08 well. It can be observed that the fluid 

terms 22 * IscIp − , λρ , and  μ−K show the same discrimination capability in separating 

the porous Glauconitic sand (upper and lower incised valley) from the lithic sand and 

shale, which means these indicators can be used to discriminate the upper and lower 

valleys from the lithic sandstone and shale background. Based on the well log display, 

22 * IscIp −  is the most sensitive indicator for the fluid content. 
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Figure 6.14 Comparison between P-wave velocity ( pV ), Lambda*Rho ( λρ ), Poisson’s 

ratio (σ ), μ−K , sp VV /  and 22 * IscIp −  for well 08-08. 

 

From the well log crossplot of fρ and sρ , the porous sandstone in the upper and lower 

valleys has distinctive fρ and sρ  responses compared to lithic sandstone and shale 

(Figure 6.15). This is due to the fact that porous sandstones are more compressible than 

tight sandstones and more rigid than shale. 

6.6.2 Fluid term extraction  

Once P-wave impedance ( Ip ) and S-wave impedance ( Is ) were obtained, the estimated 

Ip and Is  were then used to derive the fluid term ( fρ ) and skeleton term ( sρ ) using the 

following equations: 

 22
sp cIIf −=ρ ,  (6.1) 
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 2
sIs =ρ .  (6.2) 

Also, given the inverted density, various elastic parameters can be estimated, such as 

incompressibility ( λ ), rigidity ( μ ), bulk modulus ( K ), and Poisson’s ratio. However, 

owing to the limited angle range, the density was therefore not constrained by the density 

and P-wave velocity relationship observed in the well logs. For this reason, density can’t 

be used to derive the separate elastic parameters for the interpretation of the lithology and 

fluid content. 

From the drysp VV 2)/(  analysis based on the well logs for the target zone, the optimal 

drysp VV 2)/(  should be around 2.333. The fluid term ( fρ ) and skeleton term ( sρ ) are 

estimated using c =2.333. 

 

 

 

 

 

 

 

 

 

 

Figure 6.15 Crossplot of fluid term Rho*f ( fρ ) versus skeleton term Rho*s ( sρ ) for 
well 08-08.  
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Figures 6.16 and Figure 6.17 show the time slices of the fluid term ( fρ ) and skeleton 

term ( sρ ) for the upper valley and lower valley. As we know, there are hydrocarbons in 

well 08-08 at the upper and lower valley levels but not in well 04-16. The fluid term in 

Figure 6.16 indicates the presence of hydrocarbons in the porous sandstone within the 

Glauconitic incised valley system, which agrees with the observation on the well log data. 

The skeleton term in Figure 6.17 indicates the lithology information in the incised valley 

system. The relative higher value for the skeleton term time slice agrees with the fact that 

the valley was filled with the lithic sandstone with lower porosity at the location of the 

well 04-16. 

 

 

 

  

 

 

 

 

 

 

 

Figure 6.16 Time slices of fluid term ( fρ , c =2.333) for the upper valley (left) and lower 
valley (right) with well locations. 
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Figure 6.17 Time slices of skeleton term ( sρ ) for the upper valley (left) and lower valley 
(right) with well locations. 
 

The crossplot of the fluid term ( fρ ) and skeleton term ( sρ ) will enhance the 

interpretation of the lithology and fluid content by setting up the cut-off values for the 

high skeleton term ( sρ ) and low fluid term ( fρ ) (Figure 6.18). 

To investigate the effect of the c  value on the fluid term, different c  values were applied 

to extract the fluid terms. Figure 6.19 to figure 6.22 show the fluid term time slices using 

c  equal to 1.0, 2.0, 2.233, and 3.0. The fluid term using c =1.0 is equivalent to the 

attribute of 22 IsIp − which is often used as a fluid indicator. When c =2.0 is used, the 

fluid term is equal to Lambda-Rho ( λρ ), which corresponds to the LMR (lambda-mu-

rho) method. A c  value of 2.233 corresponds to porous clean sandstones and the value of 

c =3.0 is for the shale case which consider the shale as background. 
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Figure 6.18 The crossplot (above) of the fluid term ( fρ ) versus the skeleton term ( sρ ) 
for the upper valley. Polygon in blue means the low fluid term. The blue color on the 
seismic cross section (bottom) is correspondent with the blue rectangle in the crossplot. 
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From the time slices of the fluid term for the upper valley and lower valleys, it is 

noticed that the trends corresponding to the upper and lower valleys are similar, but they 

show much more difference inside the channel system. For the time slice from the fluid 

term ( fρ , c =1.0), the trend for the upper incised valleys is clearly demonstrated. 

However, it provides the poor resolution for the interpretation of the upper valley. Time 

slices of the fluid terms using c =2.0, 2.233, and 3.0 greatly improve the interpretive 

resolution and give much more information on the hydrocarbon inside the upper valley 

system. Time slices of the lower valleys, using the fluid terms, show not much difference, 

which means the inversion result for the lower valley is not sensitive to the c  value 

selection. 

The interesting thing is that although c =3.0 is not a proper value for the fluid term 

extraction, it provides the better interpretive result. This can be explained by the fact that 

the fluid term based on the band-limited seismic may have some bias during the inversion 

process, which makes the extracted fluid term insensitive to the c  value. 
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Figure 6.19 Time slices of fluid term ( fρ , c =1.0) for the upper valley (left) and lower 
valley (right) with well locations. 

 

 

 

 

 

 

 

 

 

 

Figure 6.20 Time slices of fluid term ( fρ , c =2.0) for the upper valley (left) and lower 
valley (right) with well locations. 
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Figure 6.21 Time slices of fluid term ( fρ , c =2.233) for the upper valley (left) and lower 
valley (right) with well locations. 
 

 

 

 

 

 

 

 

 

 

 

Figure 6.22 Time slices of fluid term ( fρ , c =3.0) for the upper valley (left) and lower 
valley (right) with well locations. 
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6.7 Conclusions 

Although the generalized fluid method provides a flexible way to derive the fluid term to 

identify the presence of the hydrocarbon in the reservoir, the selection of the c  value is a 

challenge. When core samples are available, it is easy to estimate the c  value for the 

specific reservoir. The c  value can also be estimated using the full dipole sonic logs and 

density log using the Gassmann fluid substitution. Because there are assumptions on the 

components of the mineral in the rock, fluid constitution, the estimated c  value is not 

always reliable using the Gassmann approach. 

Similar discrimination can be observed in 22 * IscIp − , μ−K , λρ  based on the analysis 

of the well logs and seismic data. Well log analysis shows that the fluid term 22 * IscIp −  

may be the most sensitive to the hydrocarbon although there is often not much difference 

in the term when extracted from noisy seismic data. 

The inversion results of the fluid term 22 * IscIp −   can greatly improve our ability to 

image and interpret porous sandstone and hydrocarbon distribution in the Glauconitic 

incised valley as long as a proper c  value is provided. 
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CHAPTER SEVEN: CONCLUSIONS AND FUTURE WORK 

7.1 Conclusions  

In this study various dataset, including laboratory measurements, numerical examples, 

well logs, and real seismic data, were investigated using the generalized fluid method. It 

can be concluded that: 

1. The laboratory measured data show that the value of ( )dryVsVp /  ratio will be affected 

by the clay content, porosity, and differential pressure. The value of ( )dryVsVp /  ratio for 

dry sandstones increases with porosity and decreases with clay content. For dry shaly 

sandstones, ( )dryVsVp /  ratio increases with increasing differential pressure. However, for 

clean sandstones, ( )dryVsVp /  ratio remains constant with different differential pressures. 

The average value of ( )dryVsVp / ratio s is around 1.52 for dry clean sandstones and 1.55 

for dry shaly sandstones. The corresponding c  values in the generalized fluid method are 

2.31 and 2.40, respectively.  

2. To some extent, the fluid indicators: 22 * IscIp − , μ−K , λρ  , K , λ , μλ / , and σ  

exhibit the same discrimination capability for dry and wet sandstones. The difference 

among them is that 22 * IscIp − and μ−K  are sensitive to the pore fluid alone whereas 

other fluid indicators are sensitive to the pore fluid and rock skeleton combined. 

3. Porosity, differential pressure, and clay content will affect all the fluid indicators’ 

discrimination ability between wet and dry sandstones. Laboratory measured data shows 

that high porosity will make the discrimination between wet and dry sandstones easier. 

The presence of clay makes it easy to discriminate the fluid content. With increase of 
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pressure, the sensitivity of the fluid terms to the fluid content is reduced, which implies 

that the detection of fluid content will be more difficult with increasing compaction and 

cementation.   

4. The c  value plays an important role in the generalized fluid method: 22 * IscIp − . It is 

important to estimate a proper value for c  to make the attribute 22 * IscIp −  more 

diagnostic than other attributes. The generalized fluid method provides a flexible 

approach to observe the anomalies associated with the fluid content. Usually, core data 

and well logs from the studied area will help determine the optimal c  value. 

5. The Blackfoot seismic data demonstrated that the generalized fluid method can 

significantly improve our ability to identify the presence of hydrocarbons in Glauconitic 

incised valleys. The result of the fluid term is encouraging because it has proven to be a 

more sensitive discriminator of pore-fluid content than other methods.  

7.2 Future work 

It is clear that the generalized fluid method 22 * IscIp −  can provide a more intuitive way 

to interpret the presence of the hydrocarbons. Different c values provide different fluid 

attributes to identify hydrocarbons. However, it is a challenge to derive the appropriate c  

value for specific reservoirs. In this study, the effect of porosity, clay content, and 

pressure on the c  value was investigated for clastic reservoirs based on the Han’s 

laboratory measurements. More research work is needed to be done to study c  value 

change for different type of reservoirs. 
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