
829

Characterization and the Management of Carbonate Reservoir
From 3D Seismic and Petro-physical Properties - A Case Study

S.P. Rana, Ajay Kumar, Sanjay Chawla & R.S. Bansal
ONGC, New Delhi

5th Conference & Exposition on Petroleum Geophysics, Hyderabad-2004, India  PP 829-836

ABSTRACT : An Indian offshore limestone reservoir which has been on production since last 18 years has been studied to
address the problems of declining pressure, rising water cut, and poor productivity in certain areas. The reservoir characterization
was taken up with an objective to diagnose the problems, suggest the remedial measure to reduce water cut to a manageable limit
and identify prospective areas for infill drilling to improve recovery. The objective was met to a great extent by analyzing and
integrating recently acquired 3D seismic data and petro-physical properties. The studies were carried out in two categories viz.
structural elements delineation and reservoir description. The seismic attribute intensive approach at almost every step of study
was adopted to optimize the results.
Structural  Elements
The detailed mapping of structural elements like faults, fractures and their spatial density distribution was done to help decide  the
water injection strategy. Seismic coherence and curvature analysis, alongwith geometric seismic attributes, were used to delineate
the subtle structural elements like fractures and validated through core and reservoir studies.
Reservoir  Description

Keeping in view the problems, the reservoir was described through the following separate steps:
l The extraction of information about spatial distribution of reservoir properties: The lateral variations of reservoir properties

were mapped by deriving the relationship between seismic amplitudes and reservoir properties. This was achieved through
forward modeling. This reservoir model was taken as the guide to all further attribute analyses and their interpretations.

l Delineation of gross reservoir boundary: The cosine of phase attribute was studied to reaffirm existing hydrocarbon  saturations,
as presence of hydrocarbons often cause local phasing. This map has depicted the phase boundary close to gross reservoir
boundary as OWC was found in the vicinity of  this phase boundary.

l Identification of integrated reflectivity reversals/variations within the reservoir: Volume Reflection Spectrum Analysis (VRS)
was performed, which represents the volume coefficient reflectivity in the reservoir. The particular Coefficient (C4) is found
giving a very clear picture of integrated reflectivity reversals/variations within the reservoir volume. The reduced and negative
reflectivity represents facies with good oil saturation, while the positive one to higher water saturations. The areas with
reduced to negative reflectivity are the appropriate areas for hydrocarbon recovery.

INTRODUCTION

The reservoir under study (UNIT-B) is oil bearing
limestone of Mumbai High which is  essentially a bio-micritic
limestone of middle Miocene age. Its gross thickness varies
from about  60m towards west to around 38m in crestal part
(Figure-1).

Exploitation of UNIT-B was initiated through
WP-5 well, in June 1985. The initial production stood at 780
BOPD. Production improved many fold and peaked at 40332
BOPD in June 1995, when Platforms WLA, WLB, WLC &
WLD were added to production stream in 1994 (Figure-2).

Water injection to maintain pressure was initiated in
the field in 1991 (Figure-2) on realizing the fact that energy
support from the gas cap and the aquifer is insufficient. It was

a peripheral injection and the average injection rate was 50000
BWPD, but its effect did not meet the requirements. Only
down dip wells close to the injectors experienced feeble build
up, producers by and large experienced only ill effect due to
high water cut. The phenomenon of water cut kept on rising
with time as the production continued, and eventually led to
lesser and lesser oil production and decline in reservoir
pressure.

The integrated study involving 3D seismic, reservoir
data and petro-physical properties   were carried out to
delineate and characterize the reservoir  to help decide water
injection strategy and identification of prospective areas for
infill drilling to improve recovery. Seismic 3D data used in
the study comprise of sampling interval of 2ms, inline interval
of 25 m. and trace interval of 12.5 m, which was finally
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Figure 1 : Structure Depth Map.

Figure 2

interpolated to 12.5*12.5 m. grid during migration. The study
was accomplished in two separate categories of structural
delineation and reservoir description making wide use of
seismic attributes to optimize the results.

STRUCTURE DELINEATION

The detailed mapping of structural elements like
faults, fractures and their spatial density distribution was done
to decide on the water injection strategy. 3D seismic data
provided the basic information for mapping large faults but
mapping of the sub seismic faults and fractures also need to
be characterized to make the effective injection strategy. A
new methodology involving seismic coherence, and curvature
analysis, in addition to regular seismic attributes, was used to
delineate the subtle structural elements like fractures.
Geometric seismic attributes also proved very handy in
mapping the horizon discontinuities and thus confirming to
the fault patterns. This was important since some of the faults
exhibit small throws and are characterized by low angle
relationship with the seismic horizons.

Fracture Identification:

(a) Seismic coherence

The technology of coherence is a new way of
visualizing faults, fractures and stratigraphic features in 3D
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seismic data volume. Faults produce lower coherence surfaces
during the computation of 3D data coherence coefficients as
they separate from their background data numerically.
However, they can be seen in three dimensions and from any
perspective with the aid of visualization software despite there
having been no fault planes recorded.

One of the most remarkable features of the coherence
cube is the accuracy with which faults and fractures can be
visualized before interpretation, by simply looking at
coherence time slices. Conventional amplitudes are useful for
viewing faults running perpendicular to strike but in complex
fault zones, faults running parallel to strike become more
difficult to see. The coherence cube reveals faults/fractures
in any orientation, highlighting both parallel and perpendicular
faults equally well.

Coherence technology was optimally utilized to
generate the coherence cube and coherence time slices at 4
ms interval. At the crestal part this show some large-scale
discontinuities (Figure-3), which are interpreted as fractures
based on the curvature analysis.

minimum curvature in directions perpendicular and parallel
to the fold axis.

The curvature analysis for UNIT-B geological surface
was done in the faulted crestal area.The principle surface
curvatures are used to generate a Gaussian curvature value,
which is the product of the two curvatures. This is indicative
of developable and non-developable curved surfaces.
Developable curved surfaces do not impart any stretching or
contraction on the surface, while non-developable surfaces
gives rise to fractures.

In case of UNIT-B top surface (Figure-5), Gaussian
Curvature value was found to be greater than zero showing
that crestal part of UNIT-B top is in the regime of non
developable curved surface indicating that crestal part is likely
to have fractures. Seismic discontinuities in coherency time
slices (Figure-3) show the typical curvature related fractures.
Most curvature related fractures are bed-delimited joints, and
UNIT-B reservoir is found to be of this category. The major
fractures are expected to have orientation to NNW-SSE, and
minor ones in perpendicular direction. Seismic coherency
attributes validate this.
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Figure 3 : Seismic coherency cube

(b) Curvature Analysis

The association of fractures with folds / curved
surface and faults has long been recognized in oil industry.
Figure-4 shows the concept and the methodology. The
principal surface curvatures give rise to second order tensor
leaving its effect on the surfaces displaying maximum and

Figure : 4

Figure 5: Geological cross section showing the curvature of
UNIT-B at crestal area
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Fault Mapping

Manual fault mapping was taken up through the 3-D
cube prepared at UNIT-B level. This was performed by
drawing simultaneously the fault traces on a set of regularly
spaced vertical sections and seismic time slices (Figure-6). In
addition to these, several structural seismic attributes were
computed which mainly include coherence, minimum
correlation and other edge enhancing instantaneous attributes.
(Figures-7,8)
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Figure  6 : Time slice showing Faults.

Faults were identified by dividing the anomalies into
two categories—Major and Subtle. Major faults are visible in
the vertical sections and also in some of the attributes, while
subtle faults are not clearly identifiable in the vertical sections,
they are mapped only through attributes. Coherence mapping
has been of great help to this effect. Coherence transformation
suppresses the continuity of the seismic reflections and
emphasizes discontinuities. Seismic incoherence results due
to geological boundaries like faults, and hence enhancement
of discontinuity highlights faults in coherence attributes. This
helped in precise placement of the fault boundaries. Many
faults have been identified, and these faults are oriented in
NNW-SSE and NE-SW direction (Figure-9).

The intersection of these faults has segmented the
field into blocks, and in few cases, into fracture zones that

Figure 7 : Dip attribute

Figure 8 :  Time slice.

guides fluid movements. There are differences in oil water
contact (OWC) in different blocks. This points to the blocky
nature of the reservoir, and gushing of sudden spurt of water
in producers, on initiation of water injection, to fracture zones.
pay (higher IHM) while high water saturation is also
contributing to increase in the seismic amplitudes.

This reservoir model was taken as the guide to all
further attribute analyses and their interpretations.
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Figure 9 : Coherency cube

Seismic Amplitudes Analysis

High amplitude is observed outside the periphery of
bulk producible reservoir and relatively low amplitude is seen
in the crestal part with local variations. High oil volume
appears to be the probable cause for the reduced acoustic
impedance contrast resulting in to relatively low amplitude.
Looking into the  non-corelatable spread of the gross porosity
vs seismic amplitudes in UNIT-B, oil saturation and net pay
appears primarily responsible for reduced acoustic impedance
(Figure-18,19).

It can be postulated that the local variations within
the crestal part has substantially been influenced by large
quantities of injection water break through (Figure-19) to oil-
bearing zones as this part too has relatively minor variations
in porosity and net pay as well. The higher amplitude in the
crestal part probably represents high water content within the
reservoir to a large extent, and low amplitude to higher oil
saturation (less effect due to injection). Incidentally it is noted
that higher amplitude areas fall in fractured zones. The
injection water might be the principle agent responsible in
modifying the amplitude response at the crestal part giving
rise to relatively higher amplitude.

Asset Boundary by Phase Analysis

Keeping in view the encouraging results of amplitude
analysis and its linkages with hydrocarbon saturation, the

Figure 10 : Input Model.

Figure 11 : Amplitude Variation with Gross thickness.

Figure 12 :  Amplitude trends with So (Phi : 24-25%.)

cosine of phase attribute was also studied to reaffirm its
signature due to presence of hydrocarbons, as presence of
hydrocarbons often cause local phasing.

Cosine of phase (modulation) attribute derived from
instantaneous phase, of traces at the selected sample was
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Figure 13 :  Amplitude Trends with Sw (Phi : 24-25%).

Figure14 :  Porosity Vs. Amplitude

Figure15 :  Amplitude Variation with Net Pay.

mapped. It gives enhanced display of the variation of phases,
making it easy to interpret. This map has resulted in a very
clear depiction of phase boundary. This phase boundary has
been interpreted as being caused by the occurrence of local
phasing due to the presence of hydrocarbons. A gross

Figure 16 :  IHM Vs. AMP (Phi : 19-21%).

Figure 17  : Amplitude variation with IHM (Phi 24-25%).

Figure 18 :  Integrated seismic amplitude and IHM

Phi 24-25%
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correlation with log derived Net/Gross ratio and Integrated
Hydrocarbon Meterage (IHM) validates this point.
(Figure-20,21).

The contour of oil water contact (OWC), is located
in the vicinity of  this boundary, which explains that a certain
critical % of hydrocarbon saturation has created an appreciable
phase change causing this attribute appear as boundary.

Identification Of Integrated Polarity Reversals Volume
Reflection Spectrum (Vrs)

During amplitude analysis it was noticed that seismic
amplitude variations within the reservoir were behaving by
and large as per the geological findings. However, polarity
reversals/variations were missing which are expected in
potential heterogeneous reservoir. To look into this issue,
volume reflection spectrum analysis was performed, which
represents the volume coefficient reflectivity in the reservoir.

Reflectivity response of each seismic trace uses an
orthogonal base consisting of polynomials. Each trace is
characterized in terms of its Eigen value (spectral attribute)
and the associated Eigen vector (polynomials) to approximate

Figure 19 : RMS Seismic amplitude and IHM.

Figure 20 : Cosine of phase and SO.

Figure 21: Cosine of phase and IHM
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the reflection amplitudes along the trace in a least square sense.
The spectral attribute map C0 (coefficient 0) is the bias of the
trace, C1 the linear trend, C2, C3, C4… etc are the various
decomposed reflection coefficients, which jointly reconstruct
the observed trace. Normalization is performed on the trace
whenever the time interval varied laterally. The VRS value in
the grid reflects the strengths of the selected coefficients for
the particular trace. This information was then used to
determine the quality of UNIT-B and is mapped based on
these derived coefficients separately.

The Coefficient C4 is found giving a very clear
picture of integrated reflectivity variations/reversals within
the reservoir volume. The reduced and negative reflectivity
represents facies with good oil saturation, while the positive
one to higher water saturations. The areas with reduced to
negative reflectivity are the appropriate areas for hydrocarbon
recovery (Figure-22).

Figure  22 :  Volume Reflection Spectrum and net/gross.

CONCLUSION

1. A new structural map with new fault pattern has been
generated for the reservoir.

2. The future prospective areas for in-fill drilling based on
3D seismic attribute analyses, validated through petro-
physical based model, has been identified.

3. Fractures and their spatial density distribution were
identified in the crestal part of the reservoir. The fractures
and the new fault pattern together explain the past dynamic
behavior of the reservoir. Hence, this will help in
formulating the future water injection strategy as well.

4. Based on fault pattern and reservoir description derived
from 3D seismic interpretation and petro-physical studies,
the reservoir is segmented into different blocks which will
help the future management of the reservoir.
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