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Disclaimer:  
 
This report was prepared as an account of work sponsored by an agency of the United 
States Government. Neither the United States Government nor any agency thereof, nor 
any of their employees, makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or otherwise does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof. The views and opinions of authors 
expressed herein do not necessarily state or reflect those of the United States Government 
or any agency thereof. 
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Abstract:  
 
We are now entering the final stages of our "Seismic Evaluation of Hydrocarbon 
Saturation in Deep-Water Reservoirs" project (Grant/Cooperative Agreement DE-FC26-
02NT15342).  We have now developed several techniques to help distinguish economic 
hydrocarbon deposits from false “Fizz” gas signatures.  These methods include using the 
proper in situ rock and fluid properties, evaluating interference effects on data, and doing 
better constrained inversions for saturations.   We are testing these techniques now on 
seismic data from several locations in the Gulf of Mexico.  In addition,  we are examining 
the use of seismic attenuation as indicated by frequency shifts below potential reservoirs. 
 
During this quarter we have:  

- Began our evaluation of our latest data set over the Neptune Field 
- Developed software for computing composite reflection coefficients. 
-  Designed and implemented stochastic turbidite reservoir models 
-  Produced software & work flow to improve frequency-dependent AVO analysis. 
-  Developed improved AVO analysis for data with low signal-to-noise ratio. 
-  Examined feasibility of detecting fizz gas using frequency attenuation 

 
 
Our focus on technology transfer continues, both by generating numerous presentations 
for the upcoming SEG annual meeting, and by beginning our planning for our next DHI 
minisymposium next spring. 
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Executive Summary:  
 
In this joint project involving research at The University of Houston, Texas A&M 
University, the Colorado School of Mines, and Paradigm Geophysical Corporation we 
are combining rock measurements, observed property trends, forward modeling, and 
interpretation of 2-D seismic data to further develop our ability to predict hydrocarbon 
saturation.  During this last reporting period we have: 
 

- Received and begun analyzing our last test area, the Neptune field, from the deep 
 water Gulf of Mexico.  This seismic line crosses the field and logs indicate a  
“Fizz” gas zone 
 

- Received and begun analyzing our last test area, the Neptune field, from the deep  
water Gulf of Mexico.  This seismic line crosses the field and logs indicate a 
“Fizz” gas zone 

 
- Developed software for computing composite reflection coefficients.  This tool 

can be used to compute exact results for more realistic models than common 
solutions, allowing an assessment of the accuracy of seismic hydrocarbon 
indicator techniques.  The code is written for Mathematica and can be distributed 
to the public. 

 
- Developed software for computing composite reflection coefficients.  This tool 

can be used to compute exact results for more realistic models than common 
solutions, allowing an assessment of the accuracy of seismic hydrocarbon 
indicator techniques.  The code is written for Mathematica and can be distributed 
to the public. 

 
- Designed and implemented stochastic turbidite reservoir models.  The software 

produces stratified reservoir models having the same spatial structure and 
properties of turbidites observed in nature.  This allows a direct quantification of 
changes in seismic response associated with the complex lithologic variations in 
turbidite deposits common in deep water environments. 

 
- Developed software and a work flow for improved frequency-dependent AVO 

analysis.  The technique was designed and tested on data from the Teal South site 
in the Gulf of Mexico, which had erroneous frequency effects prior to our 
corrections for preliminary processing related errors.  The results showed that 
seismic reflection amplitudes had negligible dependence on frequency, and this 
conclusion was confirmed by numerical modeling results. 

 
- We have also developed an approach for improved AVO analysis of data with 

low signal-to-noise ratio.  This technique has been tested and demonstrated on 
synthetic seismograms, and is currently being tested to field data. 
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- An analysis of attenuation has been performed with a hydrocarbon zone both 
partial and full gas saturation.  The partial gas saturation is modeled as having 
higher attenuation.  Results show that there is a slight, but identifiable frequency 
shift. 

 
 
 
At this point, we have obtained a no-cost extension, which will allow us to both complete 
the current tasks, examine the newly arrived data (although not in detail), and hold our 
next DHI minisymposium.  We plan for this symposium in April, 2006 Houston to help 
disseminate the results and get direct industry feed-back.  During this final portion of this 
project, we will concentrate on integrating our various techniques and findings, testing 
the techniques on remaining data sets, summarizing our results, and presenting various 
aspects of this research to the exploration public. We plan to give numerous presentations 
of this project’s results at the SEG annual meeting in November in Houston. 
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Results and Discussion  
 
Test Site Status  
 
We have finally received our final seismic data set from Veritas, completing our suite of 
test sites.  The Neptune line and log data representing a deep water field now under 
development.  The sites we are using were chosen based on their deep water setting,  
availability of samples, well logs, and seismic data.  The locations of our Gulf of Mexico 
sites are shown in Figure 1. The general condition of each area and types of data 
available are listed in Table 1.  

 

 

 
 

 
 
Figure 1.  Test site locations, Gulf of Mexico. Modified from Baud et al., 2002. 
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TABLE 1.  Test site attributes and status 
 
Field   Attribute     Status  

Neptune           High quality seismic data   Veritas 2-D line, Logs obtained  

King Kong /     Economic / “Fizz’  gas pair   Logs and seismic patches obtained 

      Lisa Anne 

Nansen  Core samples & logs available    Samples measured, Logs obtained  

Ursa   Multiple real and false HCI     TGS 2-D lines, Logs obtained  

Mars   Complex stacked turbidites   Logs obtained, Literature data  

Troika   Some data already published   Some samples measured 

Boomvang  Near Nansen (Kerr-McGee)  Samples & logs obtained  

Viking Gr.  Prestack seismic and logs available  Data at CSM and TAMU  

Teal South  Shelf, only one well, data available  Post-stack data at TAMU  

 
 
 
 
 
 
Neptune site 
 
Veritas has provided a seismic line and well log data over the Neptune field, Atwater 
Blocks 573, 574,575, 617, and 618.  This line runs southwest into the Green Canyon area 
past the Atlantis field.  It appears that there are multiple hydrocarbon zones, pay as well 
as uneconomic.  Estimated reserves are in the range of 100 to 150 million barrels of oil 
equivalent.  The field is being developed by BHP Billiton Corp. with Marathon, 
Woodside Petroleum, and Maxus as co-owners.  Unfortunately, with the limited time 
available in the remainder of this project, we may not be able to do a through analysis of 
this data. 
 
 The well logs from the Neptune well AT575 #1  are shown in Figure 3.  Hydrocarbon 
zones are indicated at 8,800 and 11,400 feet depth.  The upper zone is calculated to have 
only 15 – 20 % gass saturation.  The lower zone is indicated to be heavy, biodegraded oil 
(Tad Smith, Veritas, personel communication).  However,  some of the numbers are 
questionable, because the resistivity logs are not showing the expected deflection for the 
gas zone, and compressional to shear velocity ratios appear high.  These logs and this 
area requires further examination (perhaps with reservoir data supplied by BHP). 
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Figure 2.  Location of the Neptune Field and Veritas 2-D Line WT02-314.  This line also crosses gas 
deposits in the Atlantis field (modified from BHP Billiton, 2005).    

 
 

Figure 3.  Logs from the Neptune well showing hydrocarbon zones at 8800 and 11400 ft. 
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Frequency Dependent AVO Analysis of Field Data 
 
An important objective is improved accuracy for frequency dependent AVO analysis, and 
our recent work has emphasized the application of this approach to field data from a deep 
water site in the Gulf of Mexico (Ursa field).  To provide a reference result, we first 
applied conventional, full bandwidth AVO analysis to the seismic field data from this site 
after careful processing to preserve amplitude and frequency information for our 
frequency dependent analysis.  Figure 4a shows near-, mid-, and far-offset stacks.  The 
reservoirs of interest are located in the lower portions of the sections, which display a 
distinct increase of amplitude with increasing offset.  Anomalies associated with 
hydrocarbons are delineated by distinguishing them from the background measurements 
associated with the reflections from non-reservoir portions of the subsurface. In this case, 
because the reservoirs are located up-dip, adjacent to the flanks for the salt dome, the 
background trend can be measured from down-dip portions of the reflectors (Figure 4c). 
A plot of the normal incidence (NI) and gradient AVO attributes then reveals anomalous 
regions that indicate potential hydrocarbon reserves (Figure 4d).  Two primary regions 
are identified as anomalous (pink in Figure 4e), and the upper target has been interpreted 
as a non-productive reservoir containing fizz gas, while the lower anomaly is associated 
with oil.   
 Before applying our frequency dependent AVO methods to these data, we have 
tested this workflow on a synthetic model based on parameters from well log to ensure 
that it is robust and obtains reliable measures of relevant physical properties (Figure 5).  
Because laboratory experimental results suggest that fizz reservoirs may exhibit strong 
attenuation, we test the detectability of such attenuation by comparing results for Q=∞ 
and Q=5 in the upper reservoir.  Table 2 summarizes some important steps in the 
frequency dependent workflow, which applies NMO stretch correction, spectral 
decomposition, and AVO analysis.  Figures 6 and 7 compare crossplots of NI and 
gradient from upper and lower target layers, respectively, for models with and without 
attenuation and with and without the NMO stretch correction that eliminates incorrect 
frequency shifts introduced by standard processing.  These results show that the stretch 
correction produces detectable changes.  For example, high frequency (50 Hz) values 
changed the most.  The primary difference between the models with and without 
attenuation (Q=5 and Q=∞) is a reduction in reflection amplitude at larger angles of 
incidence, decreasing the AVO gradient parameter.  Note that the results for the lower 
reflecting layer (Figure 7) indicate changes associated with the loss of energy traversing 
the upper layer, which is the only one with attenuation.  All of these changes caused by 
attenuation, though detectable with noise-free synthetic data, are relatively subtle and are 
likely to be difficult to measure in field data.   We are continuing synthetic tests to better 
quantify how thick an attenuating reservoir must be before producing a more significant 
and measurable frequency-dependent anomaly. 
 After the initial application of this AVO workflow to the Ursa field data, we 
found that the relatively low S/N ratio in the data before spectral decomposition step was 
hindering analysis.  We therefore have been testing processing steps to provide more  
robust frequency dependent AVO analysis, and the key step is to re-bin the input data by 
substacking four adjacent input traces before the NMO stretch correction.  Because this 
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step, which essentially replaces input data with averages, may reduce accuracy, we 
extensively tested this substack scheme on synthetic seismograms with varying S/N ratio.  
We used the model from Figure 5, except that the lower reservoir was removed for 
simplicity.  Gaussian random noise was added to the seismograms at varying levels to 
test S/N ratios of ∞, 10, 5 and 2.  Figure 8 compares synthetic seismograms for the 
limiting cases, noise free, or S/N=∞, and S/N=2.  It also shows the influence of the NMO 
stretch correction and the substacking procedure.  The input seismograms have a 25 m 
receiver spacing, so the substacked, or averaged, gathers have a spacing of 100 m.  Note 
that the plots of the input seismograms only show every fourth trace to facilitate 
comparison with  
the processing results.  The substacking clearly produces a significant improvement in 
data quality, and the stretch correction also has obvious effects.   
 Figure 9a shows crossplots of AVO parameters from several of the S/N ratio 
values.  As S/N decreases, the noise creates more scatter in the crossplot, but even for the 
noise-free result, the stretch correction creates measurable changes.  For lower S/N 
values, both the substack and the stretch steps produce measurable and significant 
changes in AVO results.   
 These results illustrate how the new processing steps improve AVO analysis and 
show the type of frequency-dependent effects that are anticipated in the Ursa field data.  
The same workflow is currently being applied to the field data. 
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Process Comments 

NMO correction  Introduces frequency distortions 

Select time window for data processing Minimizes computation time for spectral 
decomposition 

NMO stretch correction Eliminates frequency distortions, and improves 
alignment of reflection events 

Spectral decomposition Estimate signal amplitude from 20 to 50 Hz, 
simultaneously adjust event alignment at each 
frequency 

AVO attribute estimation Apply geometrical spreading correction; measure 
AVO intercept and gradient in 10 ms windows 

Crossplot Plot gradient versus intercept (normal incidence 
value) and gradient 

 
Table 2.  Highlights of frequency dependent workflow applied to synthetic seismograms and field data. 
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Figure 5.  Model for synthetic seismogram  calculations.  All parameters were estimated from logs from 
a well passing through the reservoirs. 
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Figure 6. Crossplots of AVO parameters NI and gradient from upper fizz layer (model in Fig. 2), 
comparing results with and without stretch corrections and attenuation. 
 

 Figure 7. Crossplots of AVO parameters NI and gradient from lower oil layer (model in Fig. 2), 
comparing results with and without stretch corrections and attenuation 
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Figure 8. Synthetic seismograms used to test the influence of the substack and stretch correction 
processing steps.  Note that only every fourth trace (i.e., every 100 m) in the input traces were plotted in 
(a) and (d). 
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Figure 9.  Crossplots of AVO NI and gradient with different S/N ratios.  In each plot, measurements 
for raw input data, substack only, and substack followed by stretch correction are compared.  In 
general, combining the substack and stretch correction steps (blue dots) produces well-constrained 
results while significant outliers are present for low S/N ratio if only the substack is applied. 
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Stochastic Models of Turbidite Reservoirs 
 
Turbidite reservoirs in deep-water depositional systems such as oil fields in the Gulf of 
Mexico and the North Sea are important targets. However, reservoir characterization is 
often complicated by the heterogeneity of sand/shale distribution and resolution of thin 
beds. Hence, if reservoir heterogeneity and, in particular, associated seismic attributes 
can be more accurately known and quantified, we can reduce exploration risk.  

Many statistical analyses of bed thickness distributions in the turbidite sequences 
indicate that the bed-thickness distributions are complex and vary with location [Hiscott 
et al., 1992; Rothman et al., 1994; Pirmez et al., 1997; Talling, 2001]. Because it is 
difficult to describe the complex heterogeneity of turbidite systems, some simplified 
reservoir models have been applied to facilitate such analysis. A binary medium 
constructed from alternating sand and shale layers, where all sand layers have the same 
properties, as do all shales, is perhaps the most common model used to represent turbidite 
reservoirs [Takahashi et al., 1999; Stovas et al., 2004]. Alternatively, Avseth and 
Mukerji (2002) classified seismic lithofacies in the deep water clastic systems from well 
logs, but it is very difficult to correlate the complicated lithofacies with sand/shale bed-
thickness distributions, the most important characteristic of turbidite reservoir models. 

Furthermore, seismic modeling requires input parameters in terms of velocity and 
density at each location, and the full waveform discrete wavenumber methods we apply 
require layer thickness as well. Our models will thus be composed of alternating sand and 
shale layers, though the thickness and properties of each layer are selected from relevant 
Cumulative Distribution Functions, CDFs. These functions are estimated from field 
measurements, as are velocity/density relationships. 

To illustrate the development of these models, we construct them using formation 
microscanner (FMS) logs from free and publicly available data from Ocean Drilling 
Program (ODP) sites on ODP Leg 155 (Amazon Fan), and these images provide a direct 
measurement of thicknesses of both sands and shales. Generally, in the ODP data sets, 
the sand beds appear in light tones in the FMS images  [Hiscott et al.1992]. Based on this 
rule, we can distinguish sand/shale beds and measure corresponding thicknesses in the 
turbidite portion of each site. We then used these measurements to create the separate 
CDFs of bed thickness for sands and shales. Figure 10a shows the CDF of bed thickness 
distribution measured for logs from several sites in the Amazon Fan. 

Once the sand and shale beds are identified, we can tabulate velocity and density 
information from the well log for each site as well (Figure 10b). Because velocity and 
density are highly correlated, it would be incorrect to randomly select them 
independently using two different CDFs. A more physically meaningful approach is to 
select either density or velocity for the layer at random, and to then choose the other 
parameter based on the first one. Combining all data together for the linear regression 
fitting the logarithm of compressional velocity to the logarithm of density, we find a 
Gardner-like relationship between velocity and density via log(v)=-0.058+1.0058log(ρ). 

The model generation begins by specifying a desired total thickness for the turbidite 
sequence. We then randomly select a bed thickness and a density value from the relevant 
CDFs, alternating sand and shale until the total thickness is obtained. Examples below 
use a total thickness value of 30 m. If the last layer generated results in a total thickness 
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greater than 30 m, then the thickness of the last bed will be truncated so that the total 
remains 30 m. Shear wave velocity is not available in the ODP well logs. Therefore, 
considering the Amazon Fan is a young depositional system with relatively poorly 
consolidated sediments, we arbitrarily used Vs=Vp/2.2 to estimate shear wave velocity in 
the models.  Figure 11 shows P-wave velocity and density variation with depth in three 
models generated for 3 realizations. The contrasting properties of sand and shale beds are 
evident, showing changes in both density and velocity inside each model. 

 
 

 

Figure 10.  Cumulative density functions of bed thickness (a) and density (b) for sand and shale beds 
measured from logs from the ODP Leg 155 in the Amazon Fan.  
 

 
We generated full waveform synthetic seismograms for P-wave reflections to help us 
predict the influence of the heterogeneity of the stochastic models on seismic data. 
Results for the leftmost model in Figure 11 compare synthetic seismograms for different 
source frequencies. The source is located on the free surface, and a Ricker wavelet was 
applied for 20, 40, and 80 Hz. Eleven receivers spaced at 200 m intervals were located on 
the surface, and vertical component synthetic seismograms were generated for them 

predict the influence of the heterogeneity of the stochastic models on seismic data. 
Results for the leftmost model in Figure 11 compare synthetic seismograms for different 
source frequencies. The source is located on the free surface, and a Ricker wavelet was 
applied for 20, 40, and 80 Hz. Eleven receivers spaced at 200 m intervals were located on 
the surface, and vertical component synthetic seismograms were generated for them 
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Figure 11.  Examples of three stochastic models of a 30 m thick turbidite model using the CDFs 
in Figure 10.. Sand and shale beds alternate in the model. 
  

 
 
 
In Figure 12, we see the P-wave reflections for the three different source central 
frequencies. At the source frequency of 20 Hz, the thickness/wavelength ratio is around 
1/3. The wavelength is too long for the seismic reflections to be very sensitive to the 
details of the structure of the thin turbidite reservoir, and the waveform remains close to 
that of the input Ricker wavelet. Comparing the wavelets at all three frequencies, the high 
frequency energy indicates more detail of the interior layer structure because it has more 
changes in waveform for each of the model. 
 
This model development scheme can be utilized for any location simply by regenerating 
the CDFs from available well data.  It will be applied in our research to develop realistic 
models for sites such as the Gulf of Mexico Ursa field. 
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Figure 12.  Synthetic seismograms of reflections are generated for one of the stochastic models (Fig. 8, 
leftmost model) for three different source central frequencies. 

.. 
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Prediction of “Fizz” gas Deposits from Frequency Attenuation  
 
Three models are built based on well data from King Kong (KK) and Lisa Anne (LA) to 
simulate the “Fizz” versus economic gas scenarios. The sand thicknesses are taken from 
the well data (Figure 13). The three model are (1) KK with gas (2) LA with fizz and (3) 
LA with gas. The frequency differences between the events after and before the reservoir 
is computed to measure the sensitivity of the attenuation due to fizz and gas. The results 
show the frequency changes are almost the same between (1) and (3), imply that the 
attenuation derived from frequency is about the same for LA and KK if the both 
reservoirs are gas saturated. But the frequency attenuation increased between (1) and (2) 
from3.9 hz to 5.6 hz when the gas is replaced with fizz gas for LA. The frequency 
changes will be measured on the field data and is to be reported later. 
 
Model study: feasibility of the detecting fizz water using frequency attenuation  
 
The model is built using the well logs from King Kong and Lisa Anne wells.  Figure 13 
shows the well log data and Figure 14 shows the cross-plot section. The rock properties 
are shown in Figure 15.  
 
 

Figure 13. Lisa Anne and King Kong well logs 
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1900, 970, 1.96
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Figure 14. Rock property from Lisa Anne logs. The model parameters are listed in next figure. 
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Sandstone, brine, h5 varies
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h4/Vp4+h5/Vp5+h6/Vp6=0.4/2

A
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Shale: Vp3=2350m/s, rho3=2.37g/cc, 
Q3=80, h3=411m

Two sandstone layers

Shale: Vp6=2350m/s, rho6=2.37g/cc, 
Q6=80, h6 varies

Shale: Vp7=2500m/s, rho7=2.4g/cc, 
Q7=100, h7=5000m
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4.400s

Sandstone, fizz/gas, h4=26.8m
Vp4=1900m/s, rho4=2.00g/cc, Q4 varies

Sandstone, brine, h5 varies
Vp5=2000m/s, rho5=2.10g/cc, Q5=60

h4/Vp4+h5/Vp5+h6/Vp6=0.4/2

A

B

Ag
Figure 15. Estimated model. The parameters underlined changes for the three models. The 
thicknesses, h5, h6 are changed according the formula shown in the figure, to make the traveltimes at 
interface A and B are fixed at 3.65s and 4.4s. The fluid at sandstone #1 is changed to test the 
sensitivity of frequency change to Q. 
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Figure 16 shows the synthetic data and the spectra of the seismic events at interface A and 
B. The spectra are compared in the diagram on the right hand side.  Table 3 the model 
parameters and the frequency changes at interfaces A and B for the three models. The 
relative change between case 1 and 3 are quite small. So if King Kong and Lisa Anne are 
both gas saturated for the sandstone #1, the relative frequency change should be quite 
small (from 3.9 to 4 hz). But relative is relatively big if replacing the gas in Lisa Anne 
with fizz gas. The change of frequency varies from 3.9hz to 5.6 hz due the frequency 
attenuation of fizz gas. This is about 40% increase of frequency changes. The change of 
frequency will computed for the field data and use it as an indicator for detecting fizz gas.  
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Figure 16. Synthetic trace on the left and the spectra of the events at A and B. The solid blue line is 
the gas and dotted lime is for fizz. See Table 3 for more details 
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Table 3.  Model parameters of sandstones and the frequency changes before and after the seismic 
wavelet passing the sandstones. 
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