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Abstract 

This paper discusses practical aspects of merging five land multi-vintages seismic 3D surveys, undertaken as part of 

a reprocessing project. These 3D surveys were acquired with some overlap between 1994 and 2011 for Oil India 

Limited in the Upper Assam Basin, India. The reprocessing project comprises of seismic data pre-processing 

(including pre-stack data merge) followed by pre-stack time migration (PreSTM) of five seismic vintages. Since all 

five surveys have different acquisition parameters the most challenging issues were related to the different survey 

orientations, different offset and azimuth distributions, and significant variations in CMP coverage and CMP bin 

size. The final workflow and methodology presented in this paper were designed based on several tests carried out at 

each processing step. 

Introduction 

In the study area (Figure 1) several 3D surveys have been acquired over the years to cover different parts of the 

block. At the time they were individually processed and interpreted. The objective of this seismic re-processing 

project was to merge all five 3D surveys in order to create one volume such that the whole area can be interpreted in 

a consistent way as one block. This paper focuses on the practical aspects of merging such multi-vintages land 3D 

seismic surveys. The area of study lies in the fore-land part of the Assam Arakan Basin and has gentle topography.   

Figure 1: Geological map 
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Input Data 

The reprocessing program in the Upper Assam Basin, India, comprises of seismic data pre-processing (including 

pre-stack data merge) followed by PreSTM of five seismic vintages acquired over this area as shown in Figure 2. 

Various acquisition geometries and instruments had been used in acquiring these 3D vintage datasets. Starting from 

1994 to 2011, 3D seismic data were acquired in this area with receiver lines per swath varying from four to six. Fold 

of coverage varies from 24 to 45. Offset and azimuth distribution also vary with a maximum offset from 2700 m to 

4800 m. Keeping these diverse distributions under a single hypothetical dataset is a very challenging task. The 

acquisition parameters are summarized in Table-1. 

 
 

 

Table-1: Main Acquisition Parameters 
Name of the 

prospect 

Fold of 

coverage 

Bin size 

sq.m. 

Block 

orientation 

Src.line /Rcv 

line spacing 

Active spread 

Moran 3D 28 25x50 299
o
 w.r.t. North 400/ 400 m 112 channels per Rcv.Line 

Dipling 3D 36 25x50 35
o 
 w.r.t. North 450/ 400 m 162 channels per Rcv.Line 

Deroi-Dipling 45 25x50 330
o
 w.r.t. North 300/ 400 m 180 channels per Rcv.Line 

Borbil-Deroi 36 25x50 239
o
 w.r.t. North 450 /400 m 171 channels per Rcv.Line 

Shalmari 24 25x50 331
o
 w.r.t. North 350/ 200 m 112 channels per Rcv Line 

 

There are some common acquisition parameters of these blocks such as: bin size (i.e., 25 m x 50 m), shot point 

interval, receiver point interval, source type and size (dynamite), recording geometry (i.e., orthogonal), and time 

sampling interval. 

    

Methodology and seismic workflow 

The methodology adopted was to process individual 3D vintages with the same processing workflow up to the 

merging step, as described below. Then from step 7 to step 11 (which will be discussed in detail below), the 3D 

surveys were merged following an innovative workflow based on rigorous testing and QC.  

 

Figure 2: Layout of the surveys showing the receiver line maps for the five different vintages 
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After merging and regularization the entire volume is considered for PreSTM processing. 

The general processing flow looks as follows: 

1. Geometry Updates 

2. De-spiking & ground roll attenuation 

3. Refraction statics application 

4. Surface consistent de-convolution 

5. Surface consistent residual statics and  velocity analysis 

6. Surface consistent amplitude correction 

7. 3D regularization – individual block 

8. Interpolation to bin size 25mx25m from 25x50m 

9. Re-gridding all five 3D surveys into one unified grid 

10. Pre-stack merge- Processing as one volume after the merge 

11. Regularization in 4D – full survey in unified grid  

12. Migration velocity picking (500mx500m) 

13. PreSTM  

 

Pre-stack merging procedure 

The input data for data merging need to have all static corrections and normal move out (NMO) applied and the best 

possible noise removal procedure applied. 

 

o Step1: Define a base survey. Pre-stack merging requires a good amount (i.e., fold and area) of high quality 

data in the overlap area between surveys to be merged. Depending on this criterion we chose Borbil-Deroi 

as base survey, as it has significant overlap with other surveys and the nominal coverage is enough for 

merging (Figure 3 highlights the overlapping parts).  

 

o Step 2: Define a unified geometry. Each survey has its own shot/receiver numbering system and 3D grid 

(inline and crossline numbers). In the case of multi-survey merging a unified grid definition is required in 

order to guarantee the uniqueness of each location within the merged surveys for further surface-consistent 

procedures. This process required putting all the seismic data onto the finest possible common grid (Figure 

3). 

 

o Step 3: Do a velocity merge. Each individual velocity field had to be rotated to the unified processing grid. 

Then these velocity fields were merged together and smoothed. 

 

o Step 4- Regularization and Interpolation- All the survey’s acquisition bin sizes are 25 m x 50 m.  Now, 

let us have for example a closer look at Borbil-Deroi and Deroi-Dipling which have almost orthogonal 

survey orientation, i.e., the inline direction of Borbil-Deroi is parallel to the crossline direction of Deroi-

Dipling. The bin spacing is 50 m along the inline direction of Borbil-Deroi and 25 m along the crossline 

direction of Deroi-Dipling. Now, to have even data distribution in the overlap area, we have to make bins 

square, i.e., either 25 m x 25 m or 50 m x 50 m. To have an even data distribution without dropping traces, 

we chose to select a 25 x 25m bin size. To do so, common offset data from each individual block were 

regularized and interpolated in inline direction before merging. Figure 4 shows survey layout – bin 

locations, before and after pre-stack merging. 

o Step5 Apply survey matching filters before the final regridding. The survey matching has been done 

(amplitude, phase and time shift) based on the analysis of the residual component of all these attributes at 

the target level in the overlap zone (Murali Mohan. et al., 2007). (Table 2 shows the matching operators for 

different surveys). Stacks were QC’ed before and after the survey matching filters and merging operation 

(Figures 5-8). 
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Figure 3: Common grid definition and overlap area between surveys 

There are some empty bins 

(especially in surveys, 

that have an  oblique  orientation 

to the reference one)    

4D regularization restore missing trace i.e. (-1 trace per bin per 

offset) 

 Surveys are defined in 

individual grids 

All surveys are in a 

unified grid 

Figure 4: Survey layout. a) Original bin locations in individual grid, b) Final bin locations in a unified grid 

after the merging step.  c) Final bin locations after the merging and regularization steps. 

 

Common grid orientation is parallel 

 to base survey i.e. Borbil-Deroi 

survey 

a) b) 

c) 
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 Data regularization 

Once pre-stack merging is done, missing trace restoration is typically required in 3D processing to ensure 

the assumptions of 3D Kirchhoff migration are met (1 trace per bin equidistant apart), and migration 

artifacts are avoided. To maximize the usage of the datasets (e.g., AVO work, structural coherency), it is 

advisable to obtain the best possible data coverage by ensuring all usable offsets are regularized. 

 

 

In case of Moran 3D and Dipling 3D, the block orientations are oblique to the other three surveys, so some 

empty bins exist. Therefore, an
 
extra pass of regularization was required to ensure all usable offsets are 

regularized (Figure 4).  

Table-2: Matching operators - amplitude scalar, phase & time shifts 

Survey Time shift( microsecond) Phase-shift(degree) Amplitude scale 

Borbil-Deroi & Dipling -1130 40
 o
 1.2 

Borbil-Deroi & Deroi-Dipling -3800 26
 o
 3.4 

Borbil-Deroi & Shalmari -3518 15
 o
 30 

Borbil-Deroi & Moran -3747 10
 o
 30 

Figure 5: Inline (900) stack before merging 

Figure 7: Inline (1122) stack before merging Figure 8: Inline (1122) stack after merging (events 

continuity and stack response is improved) 

Figure 6: Inline (900) stack after merging (events look 

continuous and amplitudes are matched across the surveys) 
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In this regularization process, we defined an offset class of 100m with an output bin size of 25mx25m. Our 

data regularization is carried out by a multi-dimensional Fourier reconstruction method (Xu. et al., 2005, 

Trad, 2008) in which existing traces are bin centred, and missing traces are generated. Here, four 

dimensions were used. To get uniform fold in the whole volume a drop of the traces above 2900m offset 

was necessary for those surveys. (Figure 9). 

Examples of stack sections before and after data regularization are shown in Figures 10-11. 

 

The block boundaries are demarcated on the merged stack sections to better understand the effectiveness of 

the merging exercise in general (Figures12-13). The events are continuous; no block boundaries can be 

identified on the stack section in terms of event amplitude and frequency content. 

 

  

Figure 9: Fold map after data merging and regularization 
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Conclusions  

3D seismic data in the Upper Assam Basinwere acquired in several vintages. Pre-stack merging and subsequent 

PreSTM processing was successfully carried out to facilitate a detailed seismic interpretation of the hydrocarbon 

reservoirs of the whole area as one block. 

 

The proposed solution was to create a single volume (merging all the 3D surveys) as discussed in this paper. The 

first step was to create a unified geometry so that all the subsequent processing could be done in a surface-consistent 

manner. Once this new geometry was built, the amplitude, phase and time shifts were analysed in the common 

overlap zones for each of the blocks and the residual components of all the attributes were applied to the target 

survey.  

 

Once the data had been binned onto the final grid, merging and regularization were applied using 4D Fourier 

reconstruction. The result was a new seismic dataset having an orientation and bin distribution equivalent to the 

reference survey with a good preservation of the original seismic information in terms of amplitude variation along 

offset and azimuth, as well as an improved stack image. This methodology required the determination of proper 

global statics and velocity solutions prior to running the pre-stack merge and 4D regularization. The 4D regularized 

data were the input to PreSTM. The quality of the result is very conclusive with significant enhancement of events’ 

continuities. This methodology is therefore recommended for a merging of pre-stack multi-surveys acquired over the 

years with different orientations and acquisition parameters. 

  

  

Figure 10: Inline (960) stack before regularization (a few 

empty bins exist after merging in the Moran3D area). 

 

Figure 11: Inline (960) stack after regularization.  
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Figure 12: Inline (960) stack after pre-stack merging and regularization (showing 

no demarcation of block boundaries in the overlap area of the surveys) 

Figure 13: Inline (1082) stack after pre-stack merging and regularization 
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