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Summary 
 
The Hassi Messaoud field is a giant oilfield in Algeria, producing since 1957. It is a complex 
field whose Cambro-Ordovician clastic reservoir exhibits significant lateral heterogeneities, 
thickness variations caused by Hercynian erosion, and igneous rocks intruded into and 
extruded above the reservoir. 3D seismic data, in addition to providing structural information, 
is being used to help delineate development well locations. This study describes the 
contribution of extended elastic impedance attributes to field development in the Hassi 
Messaoud field. 
 
Introduction 
 
The Hassi Messaoud field is a giant field covering 2,000 square kilometers in the Central Erg 
Oriental region of the Sahara in Algeria (Figure 1). It was discovered in 1956 using the 
refraction seismic method, and has been producing since 1957. Current production is nearly 
half million barrels per day from  782 wells from an average depth of 3400 meters.  
 
A 3D seismic survey was acquired in 2006, and is being used to assist in delineating locations 
for development wells as well as for reservoir characterization. In 2007, offset stacks from the 
3D survey were used to generate extended elastic impedance attributes, which are the subject 
of this study. 
 

 
Figure 1. Location of the Hassi Messaoud Field 

 
Reservoir Geology 
 
The primary reservoir in the Hassi Messaoud field is the Cambro-Ordovician Ri, Ra, R2, and 
R3 sandstones. These fluvial to marine clastics overlay the infra-Cambrian basement. 
Following Ordovician deposition, uplift and erosion occurred during the Hercynian, creating a 
paleo-topography beneath which the reservoir subcrops. Reservoir  thickness therefore varies 
throughout the field owing to erosional truncation by the Hercynian unconformity.  The 
reservoir interval is complicated by the presence of igneous intrusives, and igneous extrusive 
rocks filling lows in the Hercynian paleo-topography, related to Triassic volcanic activity. 
Diagenetic effects and rapid lithologic variations further complicate the reservoir.  
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Motivation 
 
Current development activity in the field involves drilling a significant number of horizontal 
wells. These wells are quite expensive, and thus poor horizontal wells are even more onerous 
that poor vertical wells. Post-stack inversion, along with spectral imaging attributes, has been 
used recently, with some success, to assist in choosing drilling locations. However, these 
post-stack attributes were not fool-proof, and it was hoped that additional pre-stack attributes 
would improve the selection of drilling locations. This pilot study was initiated to determine if 
attributes generated from partial offset stacks would improve the ability of the seismic to 
indicate successful drilling locations. 
 
Methodology 
 
The extended elastic impedance method described by Whitcombe et al (2002) was used to 
generate seismic attributes from the partial offset stacks available in the study area. The main 
difference between the extended elastic impedance and normalized elastic impedance 
(Whitcombe, 2002) is the change of variable from sin(θ) to tan(χ). This change of variable 
allows calculation of impedance values – the extended elastic impedance – for physically 
non-realizable angles. As shown by Whitcombe et al (2002), certain values of χ produce an 
extended elastic impedance that correlates well with rock properties, such as lambda, mu, 
bulk modulus, and Vs/Vp ratio. Additionally, one may determine empirically a χ angle that 
correlates well with other log curves, such as gamma ray and water saturation (Whitcombe et 
al, 2002).  Once the compression velocity, shear velocity, and density cubes are computed 
from the extended elastic impedance cubes, these “rock property” cubes can be calculated 
using the appropriate value of χ. 
 
Using compressional sonic, shear sonic, and density logs, extended elastic impedance were 
calculated for a range of angle values, given by -90 degrees <= χ <= 90 degrees. Correlations 
of extended elastic impedance and porosity and gamma ray logs as a function of angle of 
incidence are shown in Figure 2.  The correlation with gamma ray logs is poor; the correlation 
with porosity logs is fair (~ 0.5). 
 

 
Figure 2. Correlation of EEI with porosity and gamma ray log data as a function of χ. 
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Four offset stacks were available for the prestack work – 10 degrees, 20 degrees, 30 degrees, 
and 35 degrees. Two wells within the pilot area had log data – compressional sonic, shear 
sonic, and density – long enough for use in generating synthetic seismograms. For these two 
wells, the extended elastic impedance at the 4 angles was generated, and then divided by the 
compressional velocity to produce an “elastic” density curve for use in synthetic generation. 
Well-seismic ties were consistently poorest on the 10 degree stack; consequently, the 10 
degree stack was not used in the extended elastic impedance calculations. An inversion was 
performed on the 20, 30, and 35 degree stacks to produce elastic impedance volumes for those 
angles. These 3 elastic impedance volumes were then used to generate the compressional 
velocity, shear velocity, and density volumes. Once the compressional velocity, shear 
velocity, and density volumes were created, they were used to generate pseudo-log and rock 
property volumes. 
 
Results 
 
Several wells not used in the inversion were used to validate the pseudo-log and rock property 
cubes produced from the EEI process. Mean values in the reservoir interval were computed 
for the pseudo-bulk modulus, pseudo-lambda, pseudo-mu, pseudo-Vs/Vp ratio, and pseudo-
porosity cubes. These interval averages were then compared qualitatively to wells deemed to 
be good or poor producers. The pseudo-bulk modulus and pseudo-porosity cubes provided a 
qualitative tie to the well data, as shown in Figures 3 and 4. 
 

 
Figure 3. Pseudo-bulk modulus mean value in the reservoir interval. Red arrows indicate 
poor producers; black arrows indicate good producers. The qualitative correlation is that good 
producers are associated with relatively high mean pseudo-bulk modulus values, whereas 
poor producers are associated with relatively low pseudo-bulk modulus values. 
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Figure 4. Pseudo-porosity mean value in the reservoir interval. Red arrows indicate poor 
producers; black arrows indicate good producers. The qualitative correlation is that good 
producers are associated with relatively high mean pseudo-porosiy values, whereas poor 
producers are associated with relatively low pseudo-bulk modulus values. 
 
Conclusions 
 
Well-seismic ties at 20, 30, and 35 degree angles of incidence were consistently better than 
the ties for the 10 degree angle of incidence stack, as well as the full offset stack. The 20 
degree stack is now being used for structural interpretation (in additional to the full offset 
stack) as a result of this work.  The pseudo-porosity and pseudo-bulk modulus attributes 
displayed a good qualitative correlation to well productivity, and are being used to help define 
development well locations. 
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