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Summary

The theme “Energy Security: Exploration, Exploitation & Economics” is very much meaningful in the present day situation. 
Energy security is an integral component of Economics of a Nation. This can be achieved by systematic Exploration and 
Exploitation of Energy means using effective knowledge and state of the Art technologies. At present, hydrocarbons: oil and gas 
account for about 45 per cent of the national energy stock. Over the next two decades, the share of natural gas in our energy 
needs is expected to rise from the present level of about 6 per cent to 20 per cent while the contribution of oil and gas together is 
likely to remain at under just half of our total energy requirements. Therefore, whatever we do about coal or nuclear energy or 
non-conventional sources of energy or alternative fuels, in substantial measure, energy security will continue to be hydrocarbons 
security and there is need to explore untapped hydrocarbons to sustain the energy requirement of the future. Untapped shallow 
gas of Miocene age (Girujan Fomation) of North Assam Shelf, (India) is such a missed opportunity in the Basin and requires 
attention for its Exploration and Exploitation (Figure-01). 

Figure 1  Index map showing Area of study



An important fraction of the reservoirs in the Girujan Clay (Mio-Pliocene) of North Assam Shelf is comprised of thin-bedded 
deposits from channel, bar and alluvial fan systems. 

These reservoirs are particularly difficult to describe. Not only is their architecture complex but the quality of the reservoir is 
determined by connection and length of beds below the resolution of usual reflection data. This study presents an integrated
approach to build a geologically consistent reservoir model, based on the use of multi-attributes analysis, Post stack inversion 
and geo-cellular modeling for reservoir sands of Girujan Formation in Lakwa and adjoining areas. 

The underlying idea of the construction of this model is that reservoir quality is influenced more by the internal architecture than 
by the statistical values of petrophysical parameters. Seismic interpretation and attribute extraction have provided the reservoir 
geometry and stratigraphy. The structural framework and the limits of the reservoir have been determined, showing the 
preeminent role of faults in the constitution of this reservoir. Seismic attributes have been calibrated to extract aerial information 
on reservoir architecture. Lateral variations in the geometries of the reservoir sands and the definition zones with different 
average properties were inferred from geo-cellular modeling. Litho-facies studies from logs showed that three facies: Fluvial, 
Flood plain and bar could be used to describe the internal variability. The fine-scale heterogeneity is described from vertical 
facies distribution determined from wells.

The major contribution of this work is to show the efficiency of this approach to describe geometries of complex reservoirs where 
the impact of internal variability and faults are major control of hydrocarbons entrapment mechanism. This is especially 
valuable when the well information is scarce or not uniformly distributed. This model can be used for identification of new areas 
and to improve the field description.

Introduction

The area of study falls in northeastern part of Assam & 
Assam Arakan Basin, India (restricted to ONGC acreages).
The basin has reached a moderately matured stage of 
exploration after continuous explorations for about more 
than forty years (Figure-01). This is a proven oil province 
with stratigraphic levels producing from Paleocene to 
Miocene age. Prolific production till date has been 
achieved from Tura, Barail and Tipam reservoirs of 
Eocene, Oligocene and Miocen age. There are commercial 
oil pools reported from Girujan sandstone from Kharsang 
field operated by Oil India Ltd.  Several occurrences in 
ONGC acreages are also reported from Girujan Formation 
in Geleki and Lakwa-Lakhmani Fields. Untapped shallow 
gas of Girujan Fomation is a missed opportunity in the 
basin and requires attention for its Exploration and 
Exploitation. Sands within Girujan Formation are of thin
and discrete nature, and also posses depositional & 
digenetic complexities. Conventional interpretation 
techniques are not found suitable to map thin clastic 
reservoirs with confidence due to inherent problem of 
seismic resolution. 

Synergistic approach by integrating 3-D PSDM data, Post 
stack inversion, 3-D geo-cellular modeling and geological 
knowledge was applied. After well to seismic tie and well 
log correlation, the major stratigraphic markers were 
tracked, instantaneous and multidimensional attributes were 
generated for structural mapping. For stratigraphic 
interpretation, window-based amplitude attributes were 
generated and analyzed and for obtaining layer by layer 
detailed information of thin reservoirs; Spectral 
decomposition technique was carried out. Geo-cellular 

modeling techniques have been used extensively to 
analyze, relate and integrate the seismic attributes with 
well-log derived porosities of producing reservoirs. 

From log correlation channels, within Girujan Formation, 
were found vertically stacked. Spatial distribution of 
porosity estimated from log data suffers with a high degree 
of uncertainty away from the well-locations especially in 
sparse well control areas of Kuargaon and North of Lakwa 
areas. Validation with well data showed the occurrence of 
reservoir sandstones within mapped channels and thus 
authenticating the models and interpretation. The porosity 
maps obtained through this approach have clearly brought 
out the porosity variations in the study area and reduced the 
uncertainty. 

This paper is an attempt to estimate the spatial and 
temporal distribution of the reservoir sands of Girujan 
Formation in Lakwa, and adjoining areas using Geo-
cellular modeling, multi-attributes analysis and Post stack 
inversion. The models brought out can be very useful in 
finalizing the strategic plans of hydrocarbon exploration 
and developmental opportunities in the studied area. This 
study can also be used as a data base for understanding 
litho-facies of the uncored wells in the area.

Database

Seismic data comprises of PSDM reprocessed data 
pertaining to Seismic investigation nos. A-255 and A-264, 
covering a total area of about 220 sq. km. Well-to-seismic 
ties are good at correlatable marker levels. Well data of 
about forty wells was taken for the study. A 3-D seismic 
base map appears as Figure-02. 



Figure 2   3-D Seismic base map depicting Inlines and Xlines

Objectives:
to understand the spatial heterogeneity of 
sands within  Girujan Formation.
to build a viable geological model for future 
exploration and exploitation strategy for shallow 
gas (Girujan) exploration

Methodology

The methodology involves the integration of Geological, 
Petrophysical and Seismic data. Tying of seismic with well 
data at well points was resorted to, with the help of 
synthetic seismograms in, KG-04, and L-452 wells. To 
understand the stratigraphic and structural framework three 
impedance boundaries (Girujan Top, Girujan Middle and 
Girujan Bottom) were tracked. Finally, Girujan Formation 
was divided into two parts from bottom to top. Time slices 
were generated to understand the structural disposition and 
spatial geometry. Isopach and Isochronopachs maps were 
prepared for each part of Girujan Formation. The different 
lithofacies were computed and facies maps were prepared 
to understand the sedimentation pattern and comprehensive 
spatio-temporal build up of Girujan Formation through 
Petrel modeling software. 

Various sequence attributes and complex trace analysis, 
such as, Inst. amplitude, slope of reflection strength, 
average absolute amplitude etc. along with spectral 
decomposition within a selective time window were 
generated to understand the spatial variability in seis-
lithology. These attribute maps along with the structure 
maps (isochron maps), isopach maps have been used to 
refine the facies maps of various sequences of Girujan, 
which in turn helped to evolve a comprehensive 
depositional model for Girujan Formation and identify the 
prospective areas in North Assam Shelf.

Seismic Interpretation

On the basis of well logs and seismic correlation, Girujan 
Clay could be divided in to two major time units’ viz. 
Lower unit and Upper unit (Figure-03A&B).

Figure 3  A&B show  NW-SE  trending seismic lines  depicting 
horizon and fault interpretation. C&D show seismic facies 
varability in the area.

To bring out the structural framework and fault geometry at 
Girujan level, three horizons namely Girujan Top, Girujan 
Bottom and Girujan Middle were correlated and 
subsequently mapped (Figure-4D) 

Figure 4 A&B show present day and Girujan time examples of 
Anastomosing channel complexes. C- Spectral decomp. tuned 
at 14 hz. showing same geometry as evidenced from AAA 
output of Figure-B. D- Structure map at a level near Girujan 
base showing structural framework.

It has been observed that the majority of the faults end up 
within Girujan, therefore structure map at Girujan base has 



been prepared. Three structural high trends have been 
mapped shown as red (Figure-4D). Three sets of parallel 
NE-SW trending faults are likely to have contributed to the 
entrapment of hydrocarbons in Tipam reservoirs and 
subsequently Girujan sands.  Fault pattern, geometry and 
edges of channels and their fills have been inferred by 
vertical and horizontal slice displays of different volume 
attributes and spectral decomposition slices. Edge detection 
surface attributes also conforms the fault trend brought by 
the structure map (Figure-05). Blue arrows indicate areas 
along fault where wells shown as red are mostly 
hydrocarbon bearing.

Figure 5  Edge detection surface attributes map at Girujan 
base showing structural geometries and arrows indicating

faults along which wells are H-C bearing.

Study of Attribute Maps

From well logs interpretation, channels, within Girujan 
Formation, are found vertically stacked. Logs, seismic and 
the core data indicate that sands of Girujan Formation are 
the product of fluvial channel system (Figure-06A&B).On 
the seismic sections the channel fill sediments are 
characterized by alternate high and low amplitude, fairly 
discontinuous seismic reflections (Figure-03C&D). On 
calibration with the well logs it is found that high amplitude 
event mainly corresponds with sandy facies. To delineate 
the channel system as envisaged within the Girujan 
Formation, combination of multiattribute analysis and 
Spectral Decomposition have been attempted. Lakwa 
PSDM volume was loaded on Petrel suite and multi-
attributes along with 3-D geo- modeling have been 
attempted. From the seismic dataset, the amplitude 
variations are affected by changes in thickness (tuning

Figure 6  (A) Log showing fining and coarsening upward 
sequences depicting channel and bar enironments. (B) Log 
showing zone (coloured brown) from which well flowed gas.
porosity, lithology and fluid content), though it is generally 
not possible to separate out these influences but possible 
exceptions include, where tuning effects can be predicted 
and accounted for by accurate two-way time.  Out of 
various attribute maps prepared, spectral decomposition 
slice tuned at 14 Hz. (Figure-04C) give the clear picture 
about the channel geometry during deposition of Girujan 
Formation and mega channel complex falls in the western 
part of the area.

Window based amplitude attributes corresponding to 
Girujan Middle and Girujan bottom at a very small interval 
(40-60 ms.) were generated for stratigraphic interpretation 
but they were not very helpful in deciphering the thin sand 
geometry of a single channel. It is also understood that 
channel sands are discrete and alone they never give a 
meaningful geometry until several channel sands are taken 
together. Therefore the windows ware selected mainly to 
cover several channels pack taken together. On well data 
analysis most of the indications and shows from Girujan 
have come from some 50-60 m. below Girujan Middle 
horizon that continued up to 150 m. below the same 
horizon i.e., a pack of 90-100 m below Girujan Middle 
caries the reservoir sands within it. Another zone that has 
been identified is 50 m. above and 50 m. below Girujan 
bottom. Hence all the attributes that have been attempted 
have been taken along these windows only. This has been 
verified from the impedance results also, most of the wells 
drilled up to the low impedance zone have come out to be 
hydrocarbons bearing.

Out of several amplitude attributes attempted so far 
Average Absolute Amplitude attributes and spectral 
decomposition slices have been quite helpful in giving 
channel geometries very clearly (Figure-04B&C). Time 
slices generated from the instantaneous and 
multidimensional attribute volumes have been very helpful 
in deciphering the fault pattern through which even subtle 
faults and channel geometries became discernible (Figure-
05). On analyzing all the attributes maps and output from 
spectral decomposition slices it is understood that an 



anastomosing channel system trending NE-SW is viable 
model for the area and is clearly visible in the maps
(Figure-04A &B). 

Three main channels flowing parallel are found to be 
interconnected by some cross channels, which characterize 
an anastomosing channel pattern (Figure-04B). Channels 
are highly meandered at many places signifying very low 
energy regime. Most of the gas producing wells is found
to be located in the avulsion belt (Figure-04B) and 
particularly along the NE-SW trending faults in the 
south (Figure-05). In figure-05 arrows indicate trajectories 
of faults along which wells drilled have given hydrocarbons 
indication and even produced from Girujan Formation. 
Inter channel areas are also found to be quite prospective 
for hydrocarbon accumulation. On superposition of the 
fault map over the channels, it is seen that the channels are 
bisected by both longitudinal and cross faults at various 
places (Figure-04D&5). Analysis of the gas producing 
wells gives the clue that these faults have acted as vertical 
conduits for charging the sands within Girujan Formation. 
With this analogy it is envisaged that the channel set up 
very close to faults are possible sites for hydrocarbon 
accumulation and thus can be identified as prospective 
areas for shallow gas exploration. In view of the above 
observation and from Geo-cellular modeling prospective 
areas within Girujan Formation have been delineated. 3-D 
Geo-cellular modeling

Figure 7 (A) Three correlated horizons Girujan Top, Middle 
and base ready for structural modeling. (B) Faults surfaces 
after pillar gridding ready for structural modeling. (C)
Interpreted logs for lithology and environment of deposition. 
D. Upscaling of reservoir properties around the well bore.

To arrive at a lithological and environmental model Petrel-
2005 suite has been used. During the course of 
interpretation structural modeling consisting of fault 
modeling, pillar gridding and vertical layering was done. 

All the three operations were tied together into one single 
data model – a three-dimensional grid. Key wells were 
identified about forty in numbers and interpreted for 
lithofacies along with petrophysical results. 

Horizons and fault correlation have been taken from the 
conventional seismic interpretation (Figure-7A). Structural 
modeling consisting of fault modeling, Pillar gridding and 
vertical layering was attempted and interpreted layers were 
inserted in the structure model where fault pillars 
intersected the layers and finally the volume was closed for 
reservoir modeling (Figure-7B). The structural model is 
converted to a geo-cellular volume of numerous cells of 
specific size and each cell is assumed to be having same 
petrophysical characteristics.

Well logs were interpreted for reservoir properties such as 
Porosity, environment of deposition and lithology; 
subsequently they were upscaled for the property around 
the well bore (Figure-7C). Upscaled logs were used as an 
input for neural network for property modeling. This
interpreted upscaled property gets extrapolated in the entire 
volume and subsequently a geo-cellular volume for each 
reservoir property (Figure-7D) is evolved. On navigating 
within the volume and at a desired level required 
environment of deposition and porosity models could be 
achieved.

Integration of reservoir modeling, instantaneous attribute 
analysis, spectral decomposition analysis, have helped in 
identification of pay sands geometries (Figure-04C). 
Synthetic responses and seismic facies modeling helped in 
analyzing seismic attributes and their relationships with 
subsurface features favourable for hydrocarbon 
accumulation.

Geo-cellular modeling of porosity has successfully brought 
out the porosity distribution across the 3-D area. Yellow 
and green colour indicates a general N-S and NE-SW 
trends of porosity and also brings out areas of higher 
porosity in the central part of study area (Figure-8A). It 
also brings out detailed porosity heterogeneity areas where 
sufficient well data is available. These maps are very 
helpful in understanding the general porosity distribution 
pattern in the study area for the Girujan reservoirs.

On analyzing the lithological model it is observed that the 
yellow trend is depicting fluvial deposits whereas green a
floodplain deposit followed by brown a bar feature (Figure-
8B&C). On comparing the three models certain areas with 
channel sands deposit trends with 18-22% of porosity can 
be taken as prospective areas for Girujan exploration.



Figure 8  (A) Porosity model green and yellow show 18-22% 
porosity. (B) Facies and depositional environment model, Yellow 
as Fluvial and Green as Flood plain deposits. (C) More refined 
model that shows Yellow as channel sand and Grey as Flood plain 
environment.

Some more Attributes

Figure 9 (A) 1584 ms. slice of Inst. Ampli. volume showing  
anomalous feature (red) in the south and south east goes along 
the regional fault and most of the wells coming in that area are 
gas bearing. (B) Slice at 1931 ms. showing a mega channel 
complex (red) perhaps a Proto-Brahmaputra. (C) Amplitude 
trend from Av.reflection str. showing anastomosing channel 
complex. D- AAA response suggesting the thickness in channel 
sands are likely to be more in NW of the area. 

The sands within Girujan Formation are likely to have been 
deposited in isolation through anastomosing channel 
complex with variable thickness ranging from 5-20m. 
(Figure-9D). These sands are characterized by high 
amplitude discontinuous seismic reflections. Calibration 
with log data indicates that the high amplitude area 
correspond to channel lobes. Some more attributes were 
also extracted to understand the reservoir sand geometries. 
Besides AAA, Average reflection strength, Inst. Amplitude
and Acoustic Impedance slices were extracted (Figures-
9A,B,C,D).   Inst. Ampli., Average Absolute Amplitude 
and Av. Reflection strength Attributes were used to 
understand possible channel pattern prevailing in the study 
area. The channel path follows NE-SW direction which 
appears to have been controlled by longitudinal faults
(Figure-9A&B). The interpretation of reflection amplitude 
is guided by the continuity of this anomaly which gives 
clear indication for the spatial geometry for the channels. 
The channel pattern is dominantly represented by 
meandering channels (Figure-9D). A mega channel 
complex has been observed on Average Refection Strength 
Attributes with W-E and NE-SW trend (Figure-9C). It is 
also truncated by number of criss-cross faults prevailing in 
the area. In figure 4 (A&B) a comparison can be drawn 
between present day anastomosing channel complex of 
Brahmaputra and the one extracted as a AAA output a 
paleo-anastomosing channel complex (Proto-Brahmapura)
of Girujan time.

Post Stack Inversion

Figure 10 (A) NW-SE Impedance section showing low 
impedance zone below Girujan Middle. (B) P-Wave velocity 
section depicting low velocity below Girujan Middle and (C). 
Log intervals with moderate-low velocities are coloured yellow. 
Reservoir sands to fall within these zones.



Post stack inversion has been attempted on Geographic 
machine using E-merge suit to extract impedance and P-
wave velocity volumes. NW-SE impedance section shows 
low Impedance zones (Dotted) below Girujan Middle, are 
likely to be reservoir sands and wells falling on this area 
are hydrocarbon bearing (Figure-10A). It is also inferred 
that low impedance sands of Girujan Middle are to be 
tracked for reservoirs of Girujan Formation. P-Wave
velocity section (NW-SE) showing velocity variation from 
top and slowness is more within Girujan middle (Figure-
10B). Wells shown here encountered gas within this zone.  
Density and P-wave profile for the Lakwa well, Log
interval with moderate-low velocities are coloured yellow
and reservoir sands to fall within these zones (Figure-10C).

From this study it is also inferred that low impedance sands 
and low P-wave velocity sands have the reservoir 
characteristics.

Conclusions

In this study, a novel approach to integrate studies from 
Geo-cellular modeling, Multi-attributes analysis and 
Post stack inversion have been coupled together to 
arrive at an understanding of the reservoir sand 
geometries of Girujan Formation in Lakwa and 
adjoining areas.

Sands within Girujan Formation are likely to have been 
deposited in isolation through anastomosing channel 
complex with variable thickness ranging from 5-20m. 
These sands are characterized by high amplitude 
discontinuous seismic reflections. Calibration with log 
data indicates that the high amplitude area correspond 
to channel lobes. Several attributes were used to 
understand possible channel pattern prevailing in the 
study area. The channel path follows NE-SW direction 
which appears to have been controlled by longitudinal 
faults.

The interpretation of reflection amplitude is guided by 
the continuity of this anomaly which gives clear 
indication for the spatial geometry for the channels. The 
channel pattern is dominantly represented by 
meandering channels. A mega channel complex has 
been observed on the Amplitude slice with W-E trend 
Figure 9A&B.It is also truncated by number of criss-
cross faults.

Interpretation of the existing dataset has enabled an 
enhanced understanding of the depositional 
environment and aerial distribution of the gas bearing 
sands of different wells of Lakwa and adjoining areas.  
So far hydrocarbons bearing wells in Girujan 
Formation could not sustain production to a 
commercial level because of the reservoirs were low 
saturation sands and their thickness is limited, but 
from the AAA and spectral decomp. results, the maga 
channel complex lies in the west and southwest of the 
area (Figure 4 B&C). Sand percentage in those areas 

will be higher and lead to commercial level of 
production.

Structural analysis of the Lakwa area shows the 
preeminent role of faults in the entrapment of 
hydrocarbons and presence of NE-SW major faults 
particularly in the south are believed to be conduits.
Channels which were cut across by major faults 
appear to have been charged by hydrocarbons because 
of the possible leakage from Tipam reservoirs.
Therefore it may be inferred that the areas close to 
such faults are possible locales for hydrocarbon 
accumulation and thus can be identified as prospective 
areas for shallow gas exploration. Geo-chemical 
parameters suggest that sediments in Girujan 
Formation have poor source potential with immature 
organic maturation. However, the sands within 
Girujan are inferred to be charged by Tipam-Barail 
source rocks.

The environmental and lithological modelings are
being constrained by well and seismic. Seismic enable
to account for large-scale lateral variation in facies 
proportions. Well information after upscaling is used 
to model the vertical distribution of facies through
neural network. This approach enabled to build a 
consistent reservoir model despite the poor spatial 
repartition of well data and the limited number of 
wells particularly in Kuargaon and Laiplingaon areas.
Lithofacies modeling enabled to represent the internal 
heterogeneity and will allow looking beyond, in those 
areas where wells are sparse and limited. This study 
provided control on the spatial and temporal facies 
variation and uncertainties, which has a positive 
impact on the upscaled reservoir model. From geo-
cellular modeling areas with channel sands deposit 
trends with 18-22% of porosity can be identified as 
prospective areas for Girujan exploration. 

Post stack inversion exercise brought out the low 
impedance and low P-wave velocity characteristics for 
the reservoir sands of Girujan Formation. 

By integrating Muli-atributes analysis, Post stack 
inversion and Geo-cellular modeling a viable and 
realistic model for the reservoir sands of Girujan 
Formation has been evolved. It is hoped that the 
present study will enhance understanding of the 
distribution of reservoir quality sands of Girujan and 
also further define prospects that have been mapped in 
North Assam Shelf.

Thus innovative ideas supplemented by the state of 
the art technologies hold key for “Energy security”.
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