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Introduction

The Mishrif formation of Middle Cretaceous age is a
prolific reservoir in the U.A.E. It is mainly composed of carbonates
with porosity in the range of 20 to 30 percent (Alsharhan and
Nairn, 2003). The Ilam of Upper Cretaceous age is another producer
from a carbonate reservoir. The Ilam is easy to identify in seismic
data because of the strong impedance contrast with the lithologic
units above and below. However, the imaging of the Mishrif
formation and to some extent of the Ilam has been a long standing
problem because of interbed multiples generated in the alternating
layers of anhydrite and shale in the lower Fars formation of
Miocene age. The lower Fars occurs throughout offshore U.A.E.
and is of variable thickness.

The seismic acquisition with a 2-C (geophone and
hydrophone) ocean-bottom cable (OBC) was introduced in
offshore U.A.E. in the early 1990’s. Barr and Sanders (1989)
discuss how the data acquired with a geophone and a
hydrophone at the same location can be combined to
attenuate water-column multiples. Figure 1 shows a line taken
from a 3-D dataset acquired with a dual sensor OBC in a
producing field in offshore U.A.E. In spite of the multiples
that are present throughout the section, the major reflectors
clearly seen in the seismic data are the Ilam and the lower
Cretaceous Thamama carbonate reservoir. The interpretation
of the Mishrif from this data is difficult.
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Summary

The use of multicomponent technology in the geophysical industry has grown in the last few years. The converted
wave data acquired with multicomponent sensors has greatly improved our imaging capabilities, especially in gas charged
sediments. However, challenges remain in applying the converted wave technology in difficult areas. This paper discusses
one such area where there is a  need to apply some of the new tools of acquisition and processing to tackle the problems
posed by complex geology.

The Mishrif formation is one of the important reservoirs in the United Arab Emirates (U.A.E). However,
seismic imaging in the offshore fields of the U.A.E. has been problematic due to interbed multiples generated by the lower
Fars formation in the shallow section. Previous attempts to improve seismic imaging with dual-sensor ocean-bottom cable
technology have worked well for attenuating the effect of water-column reverberations but have done little to mitigate the
effect of multiples on data quality. In this paper we present results of one of the early tests of 4-C acquisition to record both
PP and PS data to image the Mishrif reservoir in offshore U.A.E. Our results show that the PS data is less affected by interbed
multiples than the PP data, and thus produces a better image of the reservoir. Moreover, the inversion of converted wave
(PS) data seems to be more promising in imaging the Mishrif reservoir. Further improvements are possible by joint inversion
of PP and PS data.

The use of converted wave data has proliferated in
the last few years because of the promise it holds for reservoir
characterization. There are some outstanding examples of
converted wave technology to image gas chimneys which
have a degrading effect on PP data (e.g., Granli et al., 1995).
Recent advances in acquisition, processing, and
interpretation technology are improving our ability to extract
useful information from converted wave data in difficult
areas.

4-C Acquisition

Converted wave acquisition in the marine
environment is carried out with a 4-C OBC which consists of
three orthogonally oriented geophones and a hydrophone
at each sensor location. The two horizontal geophones detect
shear waves. The PP waves are primarily recorded by the
vertical geophone. The converted waves which result from
the conversion of P to S energy at reflector boundaries are
recorded by the horizontal geophones. The PS radial
component acquired by the horizontal geophone paralleling
the shooting direction is processed to generate the PS
seismic section.

In 1998, Petroleum Geo-Services (PGS) shot a 4-C
OBC test line on the producing structure seen in Figure 1.
This was one of the first tests of the 4-C technology in
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offshore U.A.E. The orientation of the line was chosen with
multiple objectives in mind. One of the objectives was to
determine if the multicomponent data could be used to
predict fracture orientation in the field. The main fractures in
the field are oriented approximately North-South. Therefore,
the line azimuth was set at 120 degrees so that the line
orientation was neither parallel nor perpendicular to the
orientation of known fractures. Other objectives of the survey
were enhanced structural interpretation and lithological
characterization (Sahai et al., 2002). The survey parameters
were as follows:

• Source Interval 25 m
• Receiver Interval 50 m
• Number of receivers 318
• 10 sec. record @ 2 ms sample interval
• Offset +/- 6000 m
• Offset Shot 50 m
• Offend 500 m & 600 m
• Array Volume 2220 cubic inches

These parameters produced nominal fold exceeding
100 in the middle two-thirds of the line length.

The processing flow for producing the PP section
is shown in Figure 2. The resulting PP section in Figure 3
shows that the reservoir image does not suffer from multiples
to the same extent as the data in Figure 1. The section above
the reservoir is also less affected by the multiples produced
in the lower Fars formation. Even though both datasets were
produced by summing the hydrophone and geophone data,
the advancements in acquisition and processing resulted in
a much improved image of the subsurface.

Fig. 1: 2-C OBC data acquired in 1993 in a field in offshore U.A.E. (the
well names are blocked for properietary reasons)

4-C Processing

Processing muticomponent data is highly intensive
because of inherent differences in way the PP and PS data must
be handled. The PP processing differs from traditional
processing in that the hydrophone and geophone data must be
combined after proper scaling of the wave field. Dragoset and
Barr (1994) discuss a method of combining the two sets of data
by deriving the scale factors from the seismic data. Barr et al.
(1997) tested five different methods of combining the
hydrophone and geophone data. PGS used a proprietary surface
consistent wave field summation for the data shown here.

Fig. 2: Processing flow for the PP data.

The PS processing is fundamentally different from
PP processing in that the conversion point of P to S energy
is no longer at the source-receiver mid-point. In addition,
the conversion point shifts to the source side for deeper
reflectors. The common conversion point (CCP) asymptotic
binning was used to bin the converted wave data. Other
important processing steps included orientation Imaging the
Mishrif formation with converted wave data analysis to
determine the true orientation of radial and transverse
geophones, rotation, and statics corrections.

The final stacked PS section is shown in Figure 4
which can be compared easily with the PP section in Figure
3. A sonic log generated from a composite of well logs
available in the area is shown on the PS section. This log
was stretched to match the times on the PS section. The
amount of stretch was derived by correlating events on the
PP and PS seismic sections, and from the available sonic
logs (both P and S) in the vicinity of the producing structure.
The shallow portion of the log shows rapid variations in the
sonic velocity. This is due to the alternating thin layers of
anhydrite and shale in the lower Fars formation.

One of the important differences to note in the PP
and PS sections is that the shallow structures (marked with
solid arrows in Figure 4) are better defined in the PS data and
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can be easily mapped across the section. The Ilam and the
Thamama reservoirs are clearly visible in both sections and
correlate well with the log data. The Ilam is not a continuous
event on the PS section as indicated by the PP data. This
could be due to the fact that the reservoir is highly fractured.
The PS data seems to show the discontinuities in the
reservoir better than the PP data. The Mishrif which lies
between the Ilam and the Thamama is not easily interpretable
from either dataset.

Post-stack Inversion

Post-stack inversion of seismic data produces an
estimate of the acoustic impedance and is used on our dataset
to determine its utility in enhancing the interpretation of the
Mishrif reservoir. The inversion of PP stack has been done
extensively in the geophysical industry, and there are several
methods employed to invert the data. Russell and Hampson
(1991) provide an excellent review of these methods. The
Hampson-Russell software package is used widely to carry out
post-stack inversion of seismic data. One of the simplest forms
of inversion is the classical bandlimited method which produces
robust inversion results (Russell and Hampson, 1991). This
method was used to invert the data presented here.

Figure 5 shows the results of inversion of a few
traces from the PP seismic data. An overlay of the inverted
traces and the well log in the middle of the display shows
that the inversion results are not robust enough to image
the top of the Mishrif. In this inversion, the seismic
impedance of the Mishrif is not much different from the beds
above and below.

The inversion of PS data is much more difficult
than PP data. A method that employs joint PP and PS inversion
is necessary to arrive at P and S wave velocity fields that
might enhance our capabilities to predict lithologic and fluid
properties. Margrave et al. (2001) show an example where
the joint inversion of PP and PS data gave more superior
results than those obtained from inversion of PP data alone.

The inversion of a few traces from the PS data (Figure
6) shows that the top of the Mishrif produces a robust response
in the inverted traces. Admittedly, both PP and PS inversions
were done with the Hampson-Russell software using simplified
assumptions about the data. As noted by Valenciano and
Michelena (2000), in order to perform conventional
stratigraphic inversion of post-stack PS data, the functional

Fig. 3: PP stacked section from the 4-C OBC data. TheIlam (marked
with the arrow) is imaged as a strong reflector on top of the
structure.

Fig. 4: PS stacked section. The Ilam and the Thamama are marked with
dotted and dashed arrows respectively. The sonic log is superimposed
on the seismic. The shallow structures are marked with solid arrows.
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form of the PS and PP reflection coefficient equations needs
to be made the same. In that case, the PS reflection coefficients
can be derived from the shear wave impedances.

Figure 7 shows the post-stack inversion results for
the PP data. Figure 8 is the result of inversion of PS data. A
comparison of Figures 7 and 8 shows that the Mishrif is
better imaged in the PS data. The Mishrif interval on the well
log has a good correlation with the inversion data and can
be mapped along the flank of the structure as a low impedance
event. More sophisticated inversion techniques could be
applied to the data from offshore U.A.E. to improve on the

Fig. 5: Post-stack inversion for a few traces from the PP data. The
seismic traces are displayed on the right, the inverted traces in the
middle, and the well data is shown on the left. The Mishrif is
marked “M”

Fig. 6: Post-stack inversion for a few traces from the PS data. The
seismic traces are displayed on the right, the inverted traces in
the middle, and the well data is shown on the left. The Mishrif is
marked “M”

Fig. 7: Post-stack inversion of PP data. The arrow points to the location
where impedance of the Mishrif is indistinguishable from the beds
above and below.

Fig. 8: Post-stack inversion of PS data. The arrow points to the location
where the Mishrif is being imaged.
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results presented here. These include pre-stack inversion
techniques now available commercially.

Conclusions

We can draw several conclusions from the results of the
data presented. These conclusions are summarized below.

1. The improvement in the 2-C OBC data acquired with a
4-C cable are probably due to improvements in
acquisition and processing technology since the first
2-C data was acquired in 1993.

2. The PS data produces a better image of the structures
in the shallow section than the PP data. Moreover, the
image of the Ilam is consistent with the fractured nature
of the reservoir. The Mishrif is difficult to map with
either dataset.

3. Inversion results based on a simple post-stack inversion
technique show improvement in imaging the Mishrif
formation better in PS data than in PP data.

4. Future work should include depth-imaging and
simultaneous inversion of PP and PS data.
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