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INTRODUCTION 

  
The Flag Sandstone is a lowstand complex consisting of 
gravity mass flow sandstone deposited beyond the shelf edge 
of the Early Cretaceous Barrow delta.  A series of oil and gas 
fields have been discovered in the Flag Sandstone.  The 
Simpson field is one of the oil-bearing fields that is nearing 
depletion.  Most of the producing wells are showing relatively 
high water cuts, yet based on volumetric mapping and the 
drilling results from nearby analogous fields, some unproduced 
reserves are potentially remaining in the field. The remaining 
oil is hypothesized to be in compartments separated by low 
permeability shale barriers.  This paper illustrates the 
application of a geostatistical inversion methodology for 
identifying these compartments and quantifying the volume of 
unproduced oil.   

 
The reservoir zone has three distinct lithotypes: oil-saturated 
sandstone, water-saturated sandstone and shale.  The reservoir 
is primarily sand with a relatively low percentage of shale 
(approx 5-10%).  The shales are relatively thin with a thickness 
range from 0.5 to 4 m.  The orientation of the shales is 
uncertain due to the mass-flow nature of Flag Sandstone 
deposition  and could be dipping in any direction depending on 
the location with respect to the main channel axes. 
 

METHOD AND RESULTS 
 
The geostatistical inversion workflow consists of three parts: 
building a geological model, modeling the statistical 
characteristics of the existing well data, and executing the 
inversion in an iterative manner to optimize all parameters. The 
model building process is meant to minimize some of the 
uncertainty and often involves the use of a deterministic 
inversion.  For the Flag Sandstone model the objectives were 
to refine the Top Flag interpretation (clearly defined on 
bandpass Vp/Vs) and to constrain the oil-water contact based 
on structural closure considerations. The remaining uncertainty 
lies with the position of shales within the reservoir, which thus 
becomes the main focus of the geostatistical inversion. 
 
The geostatistical inversion is based on Bayesian Inference.  
The Bayesian Inference method for integrating multiple 
sources of disparate data in an unbiased manner relies on 
expressing all input in the form of probabilistic beliefs.  These 
beliefs can take a variety of forms including variogram ranges, 
lithotype probabilities, multivariate probability density 
functions (pdfs), wavelets and seismic angle stacks.  Taken 
individually, these beliefs do not provide enough information 
to generate highly detailed and realistic models of the 
reservoir.  However, taken collectively and with an explicit 
acknowledgment of the various sources of uncertainty, it is 
possible to generate a single probabilistic distribution of the 
reservoir given all known information.  A Markov Chain 
Monte Carlo method can then be used to sample this 
distribution and obtain multiple realizations of the reservoir.  
None of these is necessarily perfect, but all are plausible and 
together give an intuitive and realistic representation of the 
underlying uncertainty associated with the reservoir. 
 
One of the key beliefs is the multivariate elastic-property pdfs 
for the expected lithotypes.  These statistics are derived from 
the existing well control.  In Figure 1 the separation of sands 
and shales is shown in a crossplot of P-Impedance and Vp/Vs 
for wells in the study area.  It is clear that sands and shales do 
not separate based on P-Impedance alone – the separation is 
only clear if P-Impedance and Vp/Vs are taken into account 
jointly. A prestack AVO inversion is sensitive to both Vp/Vs 
and P-Impedance so the inclusion of angle stack seismic 

SUMMARY 
 
The Simpson field in the Barrow Sub-basin (Carnarvon 
Basin) is nearing depletion.  Most of the producing wells 
are showing relatively high water cuts.  Based on 
volumetric mapping and the drilling results from nearby 
analogous fields, some unproduced reserves are 
potentially remaining in the field within compartments 
separated by low permeability shale barriers.  The 
challenge is to establish a methodology for identifying 
these compartments and to quantify unproduced oil.   
 
The reservoir of the Simpson field is the Early Cretaceous 
Flag Sandstone.  The reservoir zone has three distinct 
lithotypes: oil-saturated sandstone, water-saturated 
sandstone and shale.  The shales encountered in the wells 
have a typical thickness of less than 3 m, significantly 
below seismic resolution. However, these lithotypes show 
good statistical separation of elastic properties (e.g. P-
Impedance and Vp/Vs), so a properly-constrained 
geostatisitcal inversion can be used to predict the 
relatively thin shale barriers. 
 
The geostatisitcal inversion is based on Bayesian 
Inference and uses a Markov Chain Monte Carlo method 
to randomly sample the probabilistic distribution arising 
from all input beliefs. The end result is multiple elastic 
property and lithotype realizations.  The analysis of the 
realizations output from the geostatistical inversion led to 
improved reservoir volumetric calculations and the 
identification of highly probable shale barriers. 
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amplitudes and wavelets as beliefs coupled by the AVO 
physics provides the most important constraint on the output. 
 
 

Figure 1. Separation of Flag Sandstone lithotypes based on 
elastic properties P-Impedance and Vp/Vs. 
 
One of the fundamental reasons to apply a geostatistical 
inversion is to obtain greater detail than what can be obtained 
using bandlimited seismic alone (e.g. in a deterministic 
inversion). This increase in detail is shown in Figure 2, in 
which P-Impedance from a deterministic inversion is compared 
to a single realization of P-Impedance from the geostatistical 
inversion. 
 

 
Figure 2. Comparison of P-Impedance detail from 
geostatisitical inversion (top) with a deterministic inversion 
(bottom) for an arbitrary line through 8 wells.  The large 
scale features are similar, but the geostatistical inversion 
results are sharper, more realistic and contain far more 
detail. 
 
The output from the inversion consists of multiple sets of 
elastic property and sand/shale. An example realization is 
shown in section in Figure 3, which clearly shows the 
importance of the Top Flag and oil-water contact horizons. The 
modeling of the reservoir with shale in a geostatistical 
inversion context has two significant benefits:  reservoir 
volumetrics can be estimated with high accuracy because the 
shale distribution can be reliably predicted both near and away 
from well control, and the possibility exists for predicting the 
presence and sealing capacity of shale barriers that may be 
compartmentalizing the reservoir. 
 

 
Figure 3. An example geostatistical inversion realization 
consisting of P-Impedance (top), Vp/Vs (middle) and 
Lithology (bottom), with the associated well logs overlain. 
 
Reservoir Volumetrics 
 
A traditional approach for computing reservoir volumetrics in a 
field with relatively dense well control consists of averaging or 
kriging the net to gross of the existing wells.  This may be 
acceptable for cases in which the wells are representative of the 
entire reservoir, but such a condition is not necessarily met in 
the Flag Sandstone where the wells have been drilled on the 
crest of the structures and few wells have been drilled near the 
channel fringes.  With a geostatistical inversion, the 
realizations honor the variations in seismic amplitudes away 
from well control so changes near the fringes of the structure 
will be incorporated in the overall model.  The detailed net-to-
gross available from a summary of geostatistical inversion 
results is shown in Figure 4.  A comparison of the volumetrics 
computed using only the wells versus the volumetrics 
computed from the inversion realizations is shown in Table 1. 
 

 
Figure 4. Net to gross obtained from the mean of 9 
geostatistical inversion realizations. 
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Net Rock Volume from well-based analysis 8.3x106 m3 
Net Rock Volume from Geostatistical Inversion 7.4x106 m3 

Table 1.  Comparison of reservoir volumetrics 
 
Reservoir Compartmentalization 
 
The analysis of reservoir compartments relies on two important 
aspects:  the overall volumetrics compared to the produced 
volumes and the availability of evidence to show the position 
of the hypothesized shale barrier(s).  The first example is 
within a structure penetrated by 2 wells, Simpson-1 and 
Simpson-8.  Simpson-1 has produced 2.1 million barrels of oil 
and the volume of recoverable oil computed from the inversion 
results in the vicinity of these wells closely matches this 
number.   A section through the oil sand probability volume 
computed from multiple realizations is shown in Figure 5 with 
the two wells Simpson-1 and Simpson-8 in overlay.  There are 
clearly no statistically significant shale barriers between the 
two wells.  The log analysis of the Simpson-8 well showed 
depleted reservoir indicating that Simpson-1 had successfully 
drained the reservoir.   
 
 
 

 
Figure 5. Oil sand probability volume showing good 
connectivity between the two wells Simpson-1 and Simpson-
8. The well paths are approximately 160m apart. 
 
 
 
Close to Simpson-1 is another closed structure referred to as 
the West Simpson Field.  This structure is penetrated by 2 
wells, West Simpson-1 and Tanami-4.  The total produced 
volume of oil is 1.1 million barrels. This is roughly 0.5 million 
barrels short of the estimated recoverable oil of 1.6 million 
barrels. A section through the oil sand probability volume 
computed from multiple realizations is shown in Figure 6 with 
wells West Simpson-1 and Tanami-4 in overlay.  It is evident 
that the relatively thick shale present in Tanami-4 does not 
extend to the south—in fact, there is a very high probability of 
a compartment to the south of Tanami-4.  The areal extent of 
this shale has been defined based on the changes of seismic 
amplitudes along the Top Flag Sandstone. The compartment 
created by the shale can be identified in 3D by body-capturing 
from the oil sand probability volume as shown in Figure 7.  
The volumetrics associated with this compartment indicate 
approximately 0.3 million barrels of recoverable oil, which is 
in agreement with the estimated remaining oil.  The analysis 
suggests other compartments may also exist within the 
structure with the combined recoverable oil in the range of 0.2 
million barrels. 
 

Figure 6. Oil sand probability volume showing potential 
unproduced compartment above shale break in Tanami-4. 
The well paths are approximately 700m apart. 
 

 
Figure 7. 3D view of body-capture from oil sand probability 
volume showing separation of upper sand penetrated by 
Tanami-4 (blue body) from compartment to the south (red 
body). 
 

CONCLUSIONS 
 
The statistical separation of lithologies based on elastic 
properties provides the potential to identify thin beds (below 
standard seismic resolution) using a geostatistical AVO 
inversion of seismic angle stacks. This study shows that for a 
sand reservoir the identification of probable interbedded 
shales allows for accurate volumetric computations and the 
prediction of reservoir compartments and potential 
unproduced oil.  The key benefit derived by using a Bayesian 
inversion methodology is the unbiased integration of all 
available data to come up with a consistent set of output 
realizations. 
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