
AAPG2006, Perth, Australia - 1 - 

 
FOLKERS, AMANDA, Apache Energy Ltd., Perth, Australia; KEVIN JARVIS, 
Fugro-Jason Australia BV, Perth, Australia 
 
Hydrocarbon Prediction Through Simultaneous Inversion Reduces 
Exploration Risk for the Flag Sandstone 
 
 
INTRODUCTION 
  
A series of oil and gas fields have been discovered since 1979 in the Early Cretaceous Flag 
Sandstone in the Barrow Sub-basin of the Carnarvon Basin, offshore NW Australia (Apache 
Energy Ltd, 2002). The Flag Sandstone is a lowstand complex consisting of gravity mass 
flow sandstone deposited beyond the shelf edge of the Barrow delta. The permeable Flag 
Sandstone forms a consistent, high quality reservoir that is capped by the impermeable 
Muderong Shale (Figure 1). In the area immediately adjacent to and south of Varanus Island 
the main trapping mechanism is four-way dip closed anticlines, formed by drape compaction.  
However, structural closure alone is not sufficient for oil or gas emplacement. A limited 
number of prominent closed structures have been drilled and found to be water-wet. The 
known oil and gas fields are approaching depletion and the objectives of near-field 
exploration are to prove up additional reserves and maximize utilisation of existing 
production infrastructure. 
 
The uncertainties in the pore fill of the Flag Sandstone and the extent of the hydrocarbon 
accumulations were addressed through a Simultaneous Inversion study (Figure 2). The 
inversion requires the input of multiple angle-stack seismic data sets and well data to produce 
P-impedance and Vp/Vs volumes (Jarvis et. al., 2004).  Log data of 50 wells were used in the 
study.  
 
       

 
 
 
 
 
 
 
 

 
Figure 1. Stratigraphic chart for the Carnarvon 

Basin showing the Lower Cretaceous 
Flag Sandstone and overlying 
Muderong Shale.    

 

 
Figure 2. Outline of the 500 km2 study area 

(black line) in the Barrow Sub-basin, 
offshore NW Australia.  Varanus 
Island lies in the middle of the study 
area 
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INTERPRETATION METHODOLOGY  
 
Before moving away from well control and using the inverted volumes for prediction, an 
interpretation framework for pore fill analysis was constructed for existing oil and gas 
accumulations. The information provided by the rock property volumes is integrated with 
different types and different scales of data, and verified with geological and engineering 
knowledge.  
 
The first step in our interpretation approach starts with the analysis of well data at seismic 
scale. The purpose is to establish relationships between the elastic rock properties, P-
impedance and Vp/Vs, and the reservoir properties, such as porosity and pore fill. This 
analysis resulted in the observation that a strong Vp/Vs contrast exists between the Flag 
Sandstone and the overlying Muderong Shale for the majority of wells in the study area. On 
the other hand, the P-impedance contrast for the top reservoir is limited. The determination of 
fluid phase, the parameter of most interest in this study, requires a combination of P-
impedance and Vp/Vs. In this case the two properties were combined into a single attribute, 
here referred to as the Fluid Index, which can be regarded as a pore fill indicator. The Fluid 
Index is defined as the perpendicular distance from a trend line in a cross plot of P-impedance 
versus Vp/Vs (Figure 3). The choice of this trend line is an interpretive step. The Fluid Index 
shows a much better correlation with hydrocarbons (identified by the unfiltered Saturation 
logs) than the seismic amplitudes (Figure 4). Tanami-7 is a blind wet-well and the fluid phase 
in the reservoir interval is properly predicted by the Fluid Index.   

 
Figure 3. Multi-well cross plot of inverted P-impedance and Vp/Vs for the reservoir interval colour 

coded by water saturation.  

 

 
Figure 4. Fluid Index (top panel) and far angle-stack seismic (bottom panel) for an arbitrary line 

through five well locations (four used in the inversion and one blind well – Tanami-7). 
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Then in the second step, the established relationships are verified for the inverted volumes at 
and away from the well locations. Uncertainties are introduced due to inaccuracies inherent in 
the input seismic and or well data. This requires further investigation and the calculation of 
multiple Fluid Index volumes to determine the sensitivities of the interpretation.  In some 
cases these analyses went all the way back to the pre-stack seismic data to verify the 
accuracies of the offset alignment and stacking velocities. 
 
The analysis of the inversion results for the existing fields indicated that optimum pore fill 
detection may vary from field to field. There are variations in reservoir depth as well as 
variations in rock property trends. Further complexities are encountered when multiple 
reservoirs are stacked. In the Agincourt area, west of Varanus Island, the Flag Sandstone is 
overlain by the genetically similar Double Island and Agincourt Sandstones. 
 
HYDROCARBON PREDICTION FOR EXPLORATION 
 
Hydrocarbon prediction for exploration prospects is a logical follow-up to the calibration 
phase. Once a Fluid Index volume is derived and matched to existing well locations, the 
volume can then be interpreted away from well control.  The Fluid Index attribute is based on 
a combination of two separate inversion volumes and therefore subject to additional 
uncertainty due to inaccuracies in these volumes.  In some areas this technique may yield 
inconsistent results which must be placed into the correct geologic framework in order to be 
properly evaluated.  The Flag Sandstone is a permeable reservoir rock and the most likely 
location to trap hydrocarbons is at the top of the reservoir, with the impermeable Muderong 
Shale overlying.  The trap requires four-way dip closure, so mapping of the top reservoir is 
the first step in the analysis. As mentioned before, the inverted Vp/Vs volume can be used for 
this mapping.  Keeping in mind the preceding caveats, once structures are identified, the Fluid 
Index is used to high-grade the closures with respect to their hydrocarbon potential.  Robust 
structural closure combined with a strong Fluid Index anomaly has a strong correlation with 
exploration success in this area. 
 
The Pedirka field is a known oil field that has been producing since 2002. Nearby the Pedirka 
field is a clear Fluid Index anomaly which is conformable with a closed structural feature 
(Figure 5). The seismic amplitudes do not show any significant increase over the same 
structure. The first well drilled on the inversion results, Albert-1 was drilled to test this 
structure. Albert-1 identified 13 m of oil. 
 

 
Figure 5. Fluid Index map (left panel) and far-stack amplitude map (right panel) for the prospect 

tested by Albert-1. The Fluid Index map clearly shows the Pedirka field (on the right) and 
the prospect tested by Albert-1 (on the left). 
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An example of another identified drillable prospect is shown in Figure 6. The prospect 
exhibits structural closure and a Fluid Index anomaly is present.  The far-stack seismic 
amplitudes reveal no discernable anomaly relative to the nearby Harriet field.  The well 
Harriet-A11 was drilled as a follow-up to this analysis and identified a 6 m hydrocarbon 
column. 
 

 
Figure 6. Sections of Fluid Index (top panel) and far-stack seismic amplitudes (bottom panel) 

passing through Harriet-A1 (used in the inversion), Harriet-A4 (not used in inversion) and 
the well Harriet-A11 (drilled after completion of inversion). The Harriet fault is shown in 
red and the top Flag Sandstone interpretation in blue. The unfiltered saturation log for 
Harriet-A1 shows an excellent correlation with the Fluid Index. 

 
 
PREDICTIONS AND DRILLING RESULTS 

 
Fourteen wells have been drilled in the area since the completion of the Simultaneous 
Inversion study in 2005. The results of these wells were used to validate the reliability of the 
predictions from inversion and compared to the predictions from far stack seismic amplitudes 
(Table 1). 
 

No Prospect HC (m) Inversion Seismic 
1 Albert-1 11.2 Y N 
2 Jane-2 11.2 Y N 
3 Romulus-1 1.8 N Y 
4 Remus-1 2.8 N Y 
5 Plato-2 0.0 N N 
6 Mohave-1 13.0 N Y 
7 Stuart-1 0.0 N N 
8 Lansdowne-1 0.0 N Y 
9 Artreus-1 11.3 NA Y 
10 Kew-1 0.0 N Y 
11 North Alkimos-2H 12.0 Y Y 
12 Bambra-7H 12.0 Y Y 
13 Harriet-A11 6.0 Y N 
14 Zepherus-1 9.4 Y Y 

 
Table 1. Well results compared to pore fill prediction from inverted volumes and seismic. 

 
The discovered hydrocarbon accumulations for wells no. 3 and 4 are well below what can 
reasonably be expected from inverted rock properties and even further below what can be 
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accurately predicted from seismic amplitudes alone. If these wells are excluded from the 
table, the overall success rate for inversion is 10 out of 11 (no prediction was available for 
well no. 9). This can be compared to the overall success rate for seismic amplitudes of 7 out 
of 12. The Simultaneous Inversion thus resulted in a significantly more reliable prediction of 
the presence of hydrocarbons. The inversion wrongly predicted the pore fill for well no. 6, 
whereas the seismic amplitudes successfully predicted the hydrocarbons for this well. This 
well was drilled in an area of complex Flag Sandstone geology, which could be the reason for 
this wrong prediction. 
 
 
CONCLUSIONS 
  

o A quantitative interpretation methodology was developed and tested with well control 
before using the inversion volumes for pore fill predictions to high-grade exploration 
prospects, resulting in a success rate of 90%. 

o Interpretation of different types and different scales of data plays a key role in the 
interpretation phase. 

o The Fluid Index is sensitive to the trend line which is estimated from surrounding wells. 
The logs from these wells must be carefully conditioned and of high quality to obtain 
meaningful pore fill information from the inversion results. 
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