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Summary

Seismic images of 3D acquired data are extensively used in the petroleum industry for generating the seismic attributes 
and to predict the sub-surface properties. These attributes have their own inherent limitations of signal bandwidth and 
velocity interface effects. It is observed that in most cases these attributes do provide satisfactory information of 
reservoir properties and its distribution but when the real data is incorporated in these attributes, it may or may not 
realize the actual sub-surface geology.

The present study deals with the integration of various attribute studies, horizon slices and spectral decomposition with 
the real data to unravel the reservoir distribution pattern. Post stack stratigraphic inversion was also carried out to get 
more information about the reservoir characterization. In spite of all these analysis, the channel levee complex which 
was apparently seen from these attributes exhibited a challenging task in accurate mapping of its geometry. The study 
area falls in the Nagapattinam – Tranquebar sub-basin of Cauvery Basin, India. The producing reservoirs in this area 
are from Nannilam sand-2 of Upper Cretaceous age. To delineate the reservoir distribution pattern of this pay sand the 
voxel geobody mapping has helped a lot in bringing out the multiple channels for future exploration and development 
programme with more cost effectiveness

Introduction

Exploration and development of reservoir sands within 
multiple channel levee system has become a 
widespread target to the petroleum geoscientists in 
search of hydrocarbons in the recent past. Although 
the vertical seismic resolution does not form a barrier
for identification of thick sands, cost effective 
identification of reservoir body, quantification of 
uncertainties and integration of real well data with 
seismic wave attributes are some of the important 
requirements. Seismic interpreters while correlating a 
seismic event in migrated 3D volume always keep the 
idea of subsurface geology and the variation of 
impedance contrast in mind. However, very often for 
more confidence in horizon mapping, the band pass 
filter and trace mixing procedures are also imposed on 

the pre stack time migrated data. The layer by layer
stratigraphic information of multiple seismic events
can be obtained from the 3D post stack stratigraphic 
inversion in terms of acoustic impedance. This Post 
stack seismic inversion combines geophysical, 
geological and petrophysical data through a robust 
inversion scheme to extract the more reliable 
stratigraphic information and reservoir properties from 
the seismic data (Van Reil et. al., 2000).

The 3D volume visualization of seismic data plays an 
important role to delineate the reservoir extent. The 
power of voxel based 3D visualization comes from 
volume rendering (Chopra, et. al.). In volume



Figure 1: Index map of the basin showing major tectonic 
events and the study area. High trends are in pink and lows 
are in blue colour.

rendering each sample in the seismic trace is rendered 
as a three dimensional pixel known as voxel. The 
colour and opacity of voxels depends on the values of 
the attribute being analyzed. Detection of voxel 
geobody sub-volume depends on the number of 
interconnected active voxels based on the given range 
of amplitude values. In this paper an attempt has been 
made to combine well data information with 3D 
seismic data to demonstrate how voxel geobody 
detection can be useful in explaining the reservoir 
geometry in much better way.

Geological Background

The northeast – southwest trend of horst and graben 
tectonic setup near the eastern margin of Peninsular 
India is the regional tectonic framework surrounding 
the study area. The 3D study area lies on the Nannilam 
High within the Tanjor-Nagapattinam-Tranquebar 
sub-basin (Fig.1). The sediments range in age from 
Lower Cretaceous to Recent with a major 
unconformity break at the top of Cretaceous (K/T). 
This is shown in generalized stratigraphy given in 
Fig.2. Archean basement rock is overlain by about 
2500m thick Cretaceous sediment which is subdivided 
into Uttatur and Ariyalur Groups. Alternate marine
transgressive and regressive phases resulted in 
deposition of sand bodies in Andimadam, Bhuvanagiri
and Nannilam Formations with intermediate shale 

deposits. A shallow marine to upper bathyal 
environment of deposition is assigned to these 
sequences. The hydrocarbon plays in and around the 
study area are restricted within Andimadam, 
Bhuvanagiri, Nannilam and Kamalapuram 
Formations. The present study is within Nannilam pay 
sand of porosity ranges from 12-22% with moderate 
Figure 3: Log correlation profile through wells A-16,
A-2 and A-5 of Nannilam Formation. The upper 
correlated sand package is the main target for analysis 
which is absent in well A-16.

Fig.3: Log correlation through wells A-16, A-2 and A-5 for 
Nannilam sands. The upper sand is the main producer which 
is absent in well A-16.



Figure 2: Generalized stratigraphy of the study area. Pay sand 
encountered in Nannilam Formation is the main target of this 
study.

Figure 4: Calibration between well logs, synthetic and 
seismic data at well A-14. Synthetic traces (black) generated 
from well log data. A single synthetic (red) trace is compared 
with the seismic data (blue).

Figure 5: A north-south seismic section of Pre STM data 
passing through well A-15 showing Cretaceous top and 
Nannilam pay sand.

Figure 7: Impedance section of the line in Figure 5. The 
impedance value of Nannilam pay sand ranges from 10290 to 
10740 (cyan).

permeability. The sand bodies are not very extensive 
and discrete in nature. Upper Nannilam is more 
arenaceous in the western side of Nannilam field and 
thins down or poorly developed towards east. Sands 
are medium to fine grained, occasionally silty and 
moderate to poorly sorted. The reservoirs are 
characterized by calcarious matrix and mode of 
deposition is principally mass flow mechanism. The 
source rock lies within the underlying Andimadam 
formation of shallow marine environment with TOC 
ranges from 0.85% to 1.71%. The Portonovo shale 
section overlying Nannilam Formation acts as top seal 
for hydrocarbon entrapment. Sustained exploratory 
efforts for Nannilam pay sand of Upper Cretaceous 
level yielded result with the discovery of oil and gas 
pools. Strati-structural nature of hydrocarbon 
entrapment in Nannilam sands has made the 
systematic delineation and development of these 
clastic reservoirs a challenging task for the 
explorationists.



Figure 6: Depth map at the top of Nannilam pay sand-2 
showing a north-south high trend at the middle of the area 
flanked by lows on either side. The dash line (blue) is the 
lowest known oil limit.

Figure 8: Minimum negative amplitude attribute map within 
a window of 10ms above and below the correlated Nannilam 
pay sand.

Figure 9: The horizon slice at pay level. The high amplitude 
areas (red/yellow) shows better reservoir character.

Methodology

Exploration of Nannilam pay sands demand critical 
evaluation of petroleum system, the entrapment 
model, well log correlation, wavelet estimation and 
well to seismic tie, time and depth structure mapping, 
stratigraphic interpretation using multi-attribute 
analysis, horizon slicing, spectral decomposition using 
window based tuning slices at different frequencies, 
seismic impedance model and voxel based geobody
detection. Petroleum system has been established by 
integrating geological and geochemical data keeping 
the inherent real data information. The Cretaceous top 
unconformity surface and the facies change of sand to 
shale have generated the basic idea for entrapment 
model. The well logs of sixteen drilled wells in this 
area have been analyzed to derive the electro-facies in 
terms of lithofacies. The log correlation comprising 
well A-16, A-2 and A-5 is given in fig.3. Based on the 
biostratigraphy of the drilled wells, Bhuvanagiri top 
and Nannilam top within Cretaceous and 
Kamalapuram top within Paleocene/Early Eocene 
have been demarcated. Log motifs at reservoir levels 
were correlated and their vertico-lateral facies 
distribution was calibrated with seismic in the 3D 
volume. It was observed that the seismic data at places 
was noisy. Thus, to get better attribute response post 
processing of data was carried out by trace mixing and 
band pass filtering. The thickness of Nannilam pay 
sand (sand-2) taken into consideration for this study 
varies from 3m to 36m with porosity ranges from 12-



22%. An overlay of synthetic seismogram of well A-
14 derived from well logs and their impedance value
on the real seismic is shown in Fig.4. This calibration 
was well corroborated for the correlation of 
Cretaceous top. The Nannilam pay sand sitting just 
below Cretaceous top was satisfactorily picked up
from log correlation and well calibrated seismic event. 
A display of seismic section along north-south 
direction passing through well A-15 showing the 
correlation of Cretaceous top and Nannilam pay sand-
2 is given in Fig.5. Depth map using average well 
velocity at this pay sand level (Fig.6) shows a north-
south high trend flanked by lows on either side. The 
Lowest Known Oil (LKO) at 2093m (MSL) within 
sand body is marked on the high trend. Window based 
seismic attributes corresponding to sand-2 were 
generated for stratigraphic interpretation. Horizon 
slices and tuning cubes were generated for defining 
the envisaged channel geometry. A model based 
stratigraphic inversion was carried out for layer-by-
layer information (Fig.7). Finally, the voxel geobody 
mapping has opened up a clearer picture of channel 
geometry which was not so evident from other studies.

Figure 10: Time slice generated from tuning cube 
within a window of 25ms above and below the pay 
sand at a frequency of 28Hz.

Channel configuration and discussion

Window based seismic attributes were generated in 
Pre Stack Time Migrated (PSTM) 3D seismic data 
volume. The relative distribution of amplitude pattern

exhibited some information for quantitative 
stratigraphic interpretation. The time slices generated
from multi-dimensional seismic attribute volumes
(Dip, Azimuth and Coherency) did not help much with
in the studied area. The Root Mean Square and 
Maximum Negative Amplitude (Fig.8) attributes 
generated from a window of 20ms (+10 and -10 ms) 
from the correlated horizon sand-2 of Nannilam 
Formation has shown a scattered pattern of high 
amplitude (red colour) representing the best reservoir 
quality within the total sand distribution. This could be 
again calibrated with the real well production data and 
it was observed that wells A-10, A-12 and A-14 which 
were in low amplitude domain did not produce 
hydrocarbon. Some level of uncertainty remains at 
well A-9 which was located in the high amplitude 
zone. This well was found to be located beyond LKO. 
To get more information about reservoir distribution,
horizon slice volume was generated and the time slice 
at sand-2 level (Fig.9) showed some indication of
channel distribution pattern. This channel pattern was 
substantiated by a tuning cube volume generated
within a window of +25ms to -25 ms from sand-2 
horizon (Fig.10). The idea of channel–levee complex 
still could not be satisfactorily envisaged at various 
frequencies. Attempt was made to perform better 
analysis of this feature through 3D visualization. The
sub volumes were generated with amplitude ranging
from 60 to 127 and five individual geobodies were 
mapped (Fig.11) by auto-tracking the inter-connected 
voxels within given amplitude range. It was observed 
that two parallel channel pattern in NNE-SSW 
direction emerged through this analysis. The inter 
channel region exhibit poor reservoir quality in 
comparison to the voxel tracked zones. Wells drilled 
within the eastern channel have good reservoir quality 
and produced hydrocarbon to the fact that they were 
placed within the known oil limit.

Conclusions

The aerial and temporal extension of the Upper 
Cretaceous discrete sand body could be partly 
ascertained by the integration of well log data and the 
seismic interpretation. Conventional seismic attributes 
like window based amplitude attributes, horizon slices, 
tuning cubes and acoustic impedance volumes were 
very useful for detailed reservoir characterization. An 
improved hydro-dynamically connected channel 
geometry of reservoir unit could be possible to 
observe by amplitude filtering within a required range 
through voxel geobody sub-volume detection method.
This methodology could help in refining the drilling 
plan of new exploratory and development wells and to 
search areas of unexplored hydrocarbon.
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Figure 11: The voxel geobody mapping showing two sub parallel channel features (yellow and green).


