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Summary 

Seismic attribute analysis has got more importance 

and acceptability in oil and gas exploration and 

exploitation   industry ranging from prospect 

identification to reservoir characterization as the 

present need of hour is to probe smaller structure 

and stratigraphic traps under the scheme of Indian 

Government .The aim of comprehensive attribute 

analysis was to minimize the uncertainty and 

provide insight of the facies distribution. 

The present study is focused on the use of 

specialised attributes analysis as seismic inversion, 

rock physics and AVO modelling in addition to 

structural interpretation and its prospectively 

analysis with conversion of time domain seismic 

data to depth domain and  well to seismic tie .Rock 

physics analysis was carried out to integrate the 

petrophysiscal properties derived from log to elastic/ 

acoustic properties computed from seismic 

The study area Duarmara is very close to a historical 

oil field of Digboi in Assam Arakam basin where 

first oil was found in India.  

The study is able to map the extension of reservoir 

facies and structural style based on seismic inversion 

and evaluated prospect with enhanced confidence.  

Introduction  

Under the scheme of Disinvestment of Marginal 

field of India, block Duarmara situated in Assam 

Arakan Basin was acquired for further assessment 

and exploration. Earlier the field was with Oil India 

limited and already 3 wells have been drilled with 

testing of oil / gas in different zones. But due to lack 

of new technology and availability of 3-D seismic 

data, the analysis work could not be extended 

further. The first well was drilled during year 1970 

on the basis of 2-D seismic, old technology of 

testing and logging tools available at that time. 

Other 2 well were drilled during 1985-86 again on 

basis of 2-D seismic data. In all well, main Barail 

sands was not tested properly. 

 

To improve the understanding of structure and status 

of drilled wells in the area and plan to drill new well 

is challenging task for which the special study with 

quantitative interpretation was carried out by 

integration of 3-D post stack time migration data, 

seismic inversion , AVO modelling and rock physics 

analysis with geological knowledge of area.  

Geology of Study area 

The selected study area Duarmara block lies in 

Assam –Arakan  Basin located in North Eastern part 

of India as shown in figure 1. Three wells are drilled 

prior to 1985 in the block (shown with polygon) by 

Oil India Limited on the basis of limited 2-D 

seismic lines prior to acquire 3-D seismic data of 8-

10 sq. km during year 2009-11 by Oil India Limited 

The data was acquired with 48 fold and bin size of 

25m x 50m for better understanding of the structure. 

The well W1 was drilled on the basis of structural 

closure and good reservoir facies was encountered 

and tested.  

 

 
 

Figure 1: Location map with index map and general 

stratigraphy of study area 

 

Subsequently other well W2 and W3 were drilled on 

same structure after a gap of 15 -16 years. The 

drilled well indicates the hydrocarbon prospects 



within Tipam and Barail sands having good 

reservoir facies. Well W2 and w3 are 12 m apart 

only from each other. But due to limitation of log 

data processing and proper testing, the results were 

inconclusive. Faulty isolation and hole stability was 

suspected to be the main cause of early water 

production in first well W1.  

The study area comes under upper Asam Shelf and 

contents sediments of Eocene age deposited in 

shallow marine to open marine condition during 

transgression. Kopili shale is main source rock of 

hydrocarbons. The average TOC within the Sylhet 

Formation is about 0.60%, in the Kopili Formation 

about 2.5% and in the Barail Coal-Shale Unit about 

3.8%. The average TOC of different formations 

(shale samples) vary from 0.60% to 4.5%.It 

indicates the maturity of source rock. 

  

Overlaying Barail sands was deposited under deltaic 

environment, divided in two units as BCS (Barail 

Coal  Shale) and BMS (Barail Main sands). The 

argillaceous part (BCS) seems to be deposited in 

coastal plain conditions whereas arenaceous part 

(BMS) consists of fine grained sandstones and shale. 

Tipam formation of Miocene age is deposited under 

fluvial and lacustrine environment whereas Girujan 

sediments were deposited under flood plain 

condition. The Tipam Sandstone Formation is made 

up of multi-storeyed laterally extensive sand bodies 

with very limited intervening clays/shale 

layers.TS40, TS2, TS3, TS4 and TS5 sands are 

considered as primary targets of pay zones within 

Tipam prospects and Barail sands are secondary 

targets.  

 

There are three well developed regional cap rocks 

within the Tertiary sedimentary succession, the 

lower one occurring in the Upper Eocene is the 

argillaceous Kopili Formation, the middle one is the 

Barail Coal-Shale Unit and the upper one overlying 

the Tipam Sandstone is the Girujan Clay. Presence 

of good cap rock and seal with each reservoir is 

another encouraging factor.  

 

Methodology and discussion of results 

(i) Domain conversion from Time to Depth and 

horizon tracking 

As general practice, seismic data and well data was 

loaded and scanned for quality control. The data 

quality is fair to good in view of logistic and 

presence of dense forest area. 

Check shot survey data is available in well W1 and 

it was used for well to seismic tie by generation of 

synthetic seismogram for all the 3 wells based on 

sonic log and density log. One of synthetic 

seismogram of well W1 is shown in figure 2. Logs 

were edited as part of logs is severely affected due 

to bad hole condition and casing shoe effects.  

 

Figure 2: Synthetic seismogram of well W3 with 

seismic and acoustic impedance section used for 

well to seismic tie and domain conversion from time 

to depth 

Horizons were tracked after integration with 

formation tops and refinement of time depth curve. 

Time Maps were prepared at reservoir tops in 

addition to other formation tops for structural 

interpretations. Once the horizons were tracked and 

snapped to formation tops, the interval velocity and 

RMS velocity was calculated and used for 

conversion of time domain seismic data to depth 

domain. Refinement of horizons was done in depth 

domain before creation of depth maps at different 

level for structural interpretation, attribute 

generation and seismic inversion for better 

visualization of structure and reservoir. The Vertical 

section in depth domain and structure maps at 

Tipam sand TS3 is shown in figure 3 and figure 4. 

The contour map indicates the presence of structural 

closure having an areal closure of more than 4-5 

sq.km. in the central part of area. Part of structure 

extends towards east and west of block. For 

interpretation purposes, the structure map and 

acoustic impedance map was generated for area 

beyond boundary to have regional look. Depth maps 



and corresponding attribute maps for other sands as 

TS2, TS5 of Tipam and BCS of Barail were also 

prepared to understand the prospect in details.  

 

 
 

Figure 3: Seismic line passing through well in depth 

domain showing structural configuration  

 
 

Figure 4: Structure map at top of reservoir layer 

TS3 showing the areal extent of structure 

 

There is possibility of few faults in the study area at 

block boundary. However their spatial disposition 

could not be comprehended due to very small study 

area. Hence fault information could not be 

incorporated in the maps. However the horizon 

coherency slices captured provides a possible fault 

pattern at respective mapped levels but it is at 

boundary of area. Therefore these faults were not 

taken for mapping.  

 

(ii)  Seismic inversion 

In a clastic depositional systems such as encountered 

in the block, seismic inversion was felt to be an 

effective method in combination with AVO analysis 

for detecting the gas bearing sandstones reservoir 

rock. However the method has limitations due to 

requirements of suitable wireline logs and seismic 

gather data for AVO analysis. Therefore, seismic  

 

 
 

Figure 5: Acoustic impedance map at reservoir 

level TS3 corresponding to structure map with 

acoustic impedance section passing through well 

and tied with log facies showing reservoir facies. 

 

data was used only for post stack seismic inversion 

using edited sonic log and density logs for initial 

model building and AVO modelling with objective 

to delineate boundaries of reservoir sands and 

reduce the risk of prospectively. In the present case , 

Post stack inversion was found useful for reservoir 

characterization. Low acoustic impedance 

coinciding with structural high as shown with a blue 

polygon indicated the development of reservoir 

facies. North East part of area is structurally low and 

it indicates poor reservoir facies showing high 

acoustic impedance as shown in figure 5    with 

Acoustic impedance map at sand TS3 of Tipam 

formation. Processed Vcl and sand is placed 

opposite acoustic impedance section. The arbitrary 

line connecting well W1 and W3 indicates the 

lateral continuity of different sands and facies 

variations between two wells as shown in figure 6.  

 

Figure 6: Arbitrary line passing through two wells 

showing heterogeneity and continuity of reservoir 

facies (yellow and green) between wells 



As quality check, Cross plot of acoustic impedance 

derived from seismic and acoustic impedance 

computed from log based on sonic and density log is 

shown in figure 7 with color bar for time. The cross 

correlation is very good even after the bad hole 

effects and casing shoe effects at some depth levels  

on recorded logs.  

 

 
 

Figure 7: Cross plot of seismic derived / computed 

Acoustic impedance versus log based acoustic 

impedance to show the correlation. 

(iii)  Cross plotting and analysis  

Cross plots were generated to analysis the 

relationship of petrophysical properties with elastic 

properties as a log based porosity versus acoustic 

impedance and Gamma ray (Vcl) versus acoustic 

impedance at well positions as shown in figure 12 

and 11 to assess the sensitivity of 3-D seismic 

volume of acoustic impedance generated from 

seismic with reservoir properties.  

 

Figure 8:  cross plot of acoustic impedance and Vp/ 

Vs ratio to isolate reservoir facies from dry 

rock/mud rock line 

Converted S wave impedance and Vp/ Vs ratio 

volume were also generated using Costagna 

equations to have some analysis. But no additional 

information could be extracted. Based on P wave 

and S wave impedance, LMR volume and Elastic 

impedance was generated. The crossplot of P 

impedance and Vp/Vs ratio shown in figure 8  is 

able to show the different lithology and show the 

reservoir rock isolated from mud rock line . Based 

on above cross plots, one of cross section extracted 

from volume and passing through well is shown in 

figure 9 with zone 3 indicating the good reservoir 

facies and able to isolate reservoir rock from shale 

and non-reservoir rocks. 

 

 

Figure 9: Cross section extracted from volume 

showing reservoir sands  

Rock physics  

Rock physics represents the link between reservoir 

properties and geophysical observations. Therefore 

it can be used as tool for quantitative interpretation 

in combination with seismic inversion and AVO 

modelling.  

Quality and sensitivities of old logs were 

questionable and required some editing to extract 

appropriate data for generation of synthetic 

seismogram and derivation of rock properties. The 

results of testing was inconclusive in all the 3 wells 

due to bad hole condition, faulty isolation and lack 

of technology at that time. 

The key objectives for petrophysical analysis in a 

reservoir study are to reduce the systematic errors 

caused by borehole effects, tool and vendor types, 

resolution differences, depth shifts, and other 



acquisition factors and to perform a consistent 

analysis between wells. Therefore, log values were 

edited for casing shoe effects and bad hole condition 

by application of filtering and smoothening. But the 

effect could not be removed completely. 

Cross plot of Acoustic impedance vs gamma ray 

(Vcl) indicate the AI is not affected much by shale 

as shown in figure 10. It helps to correlate acoustic 

impedance values with porosity and saturation as 

shown in figure 11. Low acoustic impedance 

represents good reservoir in term of porosity, 

lithology and saturation. Reservoir sand having 

porosioty more than 15% and good saturation has 

been isolated from shale and non-reservoir rock . 

 

 

Figure 10: cross-plot of acoustic impedance vs 

gamma ray log  

 

 
 

Figure 11: cross plot of acoustic impedance vs 

porosity with respect to saturation shown with color 

bar. 

 

 

 

Rock typing based on acoustic impedance, porosity 

and oil saturation is shown in figure with blue color 

for shale, pink color for sand reservoir rock with 

good saturation and porosity , green color for 

medium reservoir rock  and orange for  non-

reservoir rock. This relationship indicates that 

acoustic impedance volume is useful for prediction 

of good reservoir rock and to isolate it from other 

rock facies. 

 

The cross plot study is subject to limitation of 

borehole condition, even after editing and filtering 

done as shown in figure 12 before cross plotting. 

The outlier as shown with ellipses has been 

removed.  

 

 
 

Figure  12:  Log editing based on cross plot density 

vs neutron porosity and gamma ray vs resistivity  

 

AVO modelling 

Figure 13:  AVO modelling for well W3 showing 

variation of amplitude with offset.  

 



Seismic gather data is not available, therefore Well 

based AVO modelling was attempted to analyze the 

fluid sensitivity on seismic. Well W3 was selected 

as it has sonic and density log. Shear wave velocity 

was computed with Castagna formula.  

NMO corrected seismic response for offset from 200 

m to 2500 m was computed using Zoepritz equation 

with simple case using transmission loss, 

geometrical spreading and array effects for the depth 

range of 3000 m to 4500 m due to limitation of log 

availability .Array effect was taken same as 

geophone and shot array has been used for seismic 

data acquisition.  Zero phase wavelet, the ideal case 

of wavelet was taken for convolution purpose as 

substitute of source energy. The AVO curve plotted 

with offset indicates the presence of Class 2p 

anomaly at top of reservoir TS3 as shown in figure 

13. Class 3 effect is visible after offset of 1700m. 

only. Barail sand indicate class 4 due to its 

association with coals. Other sands of Tipam also 

indicate either very weak class 2p or class 1.   Since 

the reservoir rock is deeper than 3500 m , class 3 

anomaly cannot be expected clearly and product of 

P*G may not be able to show positive values even 

after presence of good gas sands. Secondly, the 

presence of gas is associated with part of 

condensate. 

Seismic Facies analysis 

 

 

Figure 14. : Seismic facies map for reservoir sand 

TS3 showing reservoir facies.  

Finally, seismic facies analysis was carried out 

based on waveform classifier to visualise the facies 

variations in study area. One of seismic facies map 

of TS3 sand of Tipam formation is shown in figure 

14 showing cluster of reservoir facies and non- 

reservoir facies based on unsupervised 

classification. Dark blue colour marked with 

polygon surrounding wells indicates the extension of 

reservoir. North part of area also indicate good 

reservoir facies but structurally low and inversion 

results do not support the development of reservoir 

facies.   Window of 40 ms was taken with 20 ms 

above and 20 ms below TS3 surface using threshold 

of 30%. In this process, the similarity of wave shape 

is taken into consideration to classify the layer into 

form of clusters. Due to limitation of wells and 

availability of small area, only 2 classes are clearly 

identified as reservoir and non-reservoir with 

presence or some scattered and spurious clusters. 

Conclusions 

-Not only the internal properties and heterogeneity 

of rock is identified with acoustic impedance section 

/ volume but also the structural interpretation 

becomes easier with visualisation of layer effects. 

-Acoustic impedance data indicates that Tipam 

Sandstones is well developed below the Alluvium 

cover of Girujan clay and indicate the presence of  3 

to 4 well developed reservoir layers.  

-The results indicates that using the depth structures 

maps at reservoir level integrated with 

corresponding acoustic impedance maps and seismic 

facies maps enhance the confidence in finalisation of 

reservoir boundaries and reserve estimation  with 

reduction in risk. Continuity and discontinuity of 

Tipam sands has been clearly brought out which 

may be helpful in planning new well in area. 

-Depth volume converted from conventional time 

domain is much helpful in visualisation of reservoir 

layers in term of geology and reservoir engineering 

in depth. Also, it becomes easier to correlate seismic 

with petro physical properties directly. It can be 

equated with post stack depth migration (PSDM) 

data especially for small area and saves cost and 

time of reprocessing. 

-Presence of reservoir sands below 3500 m affect 

the  AVO modelling and it is not able to bring out 

clear cut indication of gas sands  but  Class 2p 

effects is observed.  



-In all the three wells drilled in the area , Barail 

sands were not tested properly. Seismic inversion 

and structure maps indicate the possibility of 

hydrocarbon presence.  
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