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Abstract 

 

 When the subsurface layer geometries and the 

velocity distribution within these layers are complex, 

seismic waves propagate along several paths in 

accordance to the governing laws. In such situations, 

single arrival based Kirchhoff’s approach performs 

inadequately to image the subsurface. Wave equation 

based approaches in general perform better as they 

essentially try to revert the wave propagation at source as 

well as receiver paths. Again, wave equation methods 

based on one-way solution may perform poorer for 

situations, where ray paths turn, dive during their 

propagation from source to reflector and also during their 

propagation from reflector to receiver locations. Wave 

equation methods based on two-way solution outperform 

all other methods under such conditions. But, the 

compute, resource and cost intensive nature of wave 

equation based methods made them unpopular among the 

users. Of late, advances in the hardware and software 

made use of these methods practical and affordable. 

Reverse time migration (RTM) is one such method. An 

analytical case study of RTM is presented in this work. 

 

Reverse Time Migration 

 

RTM of seismic data is based on the ability to separate 

the wave propagation in the subsurface into two 

components: 1) wave propagation from source to 

reflector and 2) wave propagation from reflector to the 

receiver. Following the Claerbout’s unified theory of 

reflection imaging (1971), reflectors exist at points in the 

ground where, the first arrival of downgoing wave is time 

coincident with the upgoing wave. This leads to image 

formation by multiplication (cross correlation) of source 

wavefield with the upgoing receiver wavefield at each 

propagation time step (Jones, 2014). RTM is 

implemented on shot by shot basis. First, the source 

function is propagated downward into the velocity model 

and the wavefield is preserved for each time sample. 

Second, the received wavefield is backward propagated 

into the velocity model and the wavefield is preserved for 

each time sample. In the third step (imaging condition), 

for each propagation step, the source and receiver 

wavefields are cross-correlated to obtain the image for 

that time sample. This is continued till the last time 

sample. Thus the image for a single shot will be 

summation of such process for all the receivers. The final 

image will be summation of all shots in the data. The 

output of RTM is a volume of migrated common shot 

gathers. A sub volume of the final image volume is 

created by RTM from each individual shot gather (Fig-1 

& 2). RTM enables the construction of images using all 

possible arrivals, including caustic and prismatic waves, 

and handling of extreme lateral velocity variations 

without any dip limitations. 

 

 
 

Figure-1. Each shot is migrated into a sub volume and 

Final image is sum of all such sub volumes. 
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Figure-2. Sub Volume definition along (X, Y, & Z) axes. 

 

Case study 

   

Basement exploration in Madanam area in Cauvery 

Basin, India has    revealed many significant milestones 

recently. Hydrocarbon discoveries were found from 

basement. Delineation of basement geometry and the 

fracture characterization is one of the objectives in 

addition to the younger levels. 3D Seismic data was 

acquired in 2004 with orthogonal geometry. The details 

of acquisition are given in table-1.  Signal conditioning 

of the input data was carried out following standard 

sequence consisting of denoise, deconvolution, two 

passes of velocity analysis and residual statics, target 

oriented pre stack time migration for RMS velocity 

analysis, initial interval velocity model from RMS 

velocity and refinement of interval velocity from 

multiple iterations of tomography. Kirchhoff PSDM was 

used for the velocity model building and refinement 

purposes. The signal conditioned gathers were sorted 

back to shot order for input to RTM along with the 

interval velocity model. The workflow is given in fig-3. 

 

 

 

 

 

 

Table-1: Acquisition details 

 

 

RTM parameterization 

 

RTM is very sensitive to bin sizes and frequency. 

Wavefield estimation needs to be captured at sub-bin 

distances along X, Y and Z directions and sub sample 

directions along time. Smaller sizes lead to large compute 

times and require larger storage and memory. Typically, 

if the frequency is doubled, the run time increases by 24 

(=16) times for 3D data and 23 (=8) times for 2D data. 

Input data was analysed for the dominant frequency and 

a 30 Hz Butterworth wavelet was chosen as source for 

downward propagation. Test results for the central 

frequency for 30 Hz and 40 Hz are shown in fig-4 for a 

sample shot gather.  

 

 

 

 

 

Parameters Value 

Type of Survey Symmetric Split Spread 

(Orthogonal) 

No. of channels / line 112 (56 + 56) 

Far offset - Inline 2260m 

Minimum Offset 44m 

Maximum Offset 3240m 

Total no. of receiver lines 7 

Total No. of  Channel 784 

Group Interval  40 

Shot Interval  80 

Bin Size 20 × 40 

Receiver line interval  240 

Shot line interval 320 

Total Fold (7 × 7) = 49 

No. of shots / Salvo 42 

Aspect ratio 0.738 

Source Type Dynamite 

Charge Size 2.5 Kg 

Charge Depth 20 – 35 m 
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Figure-3: RTM Workflow used in the study. 

 

 
Figure-4: Partial Image from RTM of a single shot 

gather seen along a subsurface line using 30 Hz wavelet 

(left) and 40 Hz wavelet (right). 

 

Filtering  

 

To overcome the low-frequency artefacts arising due to 

near vertical energies during RTM, Laplacian filter or 

depth variant wave number filter are generally used. 

Laplacian filter was applied on the RTM angle gathers 

followed by stack with a far-angle mute.  

Results and discussions 

 

Though it is incorrect to compare the depth migration 

results from other methods like Kirchhoff and Common 

Reflection Angle Migration (CRAM) as the embedded 

philosophies are entirely different, to understand the 

value additions, a qualitative comparison was attempted.  

The interval velocity model and the gathers used in all 

these methods remained the same. Minor differences in 

the definition of maximum frequency in these methods 

still exist due to unavoidable operational reasons. All 

sections are shown in scaled to time domain due to the 

identical implementation of signal conditioning of the 

migrated gathers in the scaled to time domain. 

Comparisons of Kirchhoff PSTM, scaled to time CRAM 

stack and scaled to time RTM stack for an inline section, 

crossline section and a time slice from the full volumes 

are shown in fig-5 to 7. Raising flanks of the basement on 

the western side improved successively from Kirchhoff to 

CRAM and then to RTM as seen along the inline and 

crossline sections in fig-5 & 6. The onlapping sediments 

onto the basement slope too are seen best in the RTM 

section. However, the additional cycles in RTM section 

is yet to be addressed. Improved clarity and resolution of 

events across the volume are evident in the time slice (fig-

7) in the RTM section.    
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Fig-5. Comparison of Kirchhoff PSTM section (left) with scaled to time CRAM depth section (middle) and scaled to 

time RTM depth section (right) along an inline from the 3D volume. Improvements in raising flanks of the basement 

and the onlapping surfaces are highlighted in the circled areas. 

 

 
Fig-6. Comparison of Kirchhoff PSTM section (left) with scaled to time CRAM depth section (middle) and scaled to 

time RTM depth section (right) along a crossline from the 3D volume. Improvements in the basement geometry is 

highlighted in the boxed areas. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig-7. Comparison of a time slice at 2392 ms from Kirchhoff PSTM volume (left) with scaled to time CRAM depth 

volume (middle) and scaled to time RTM depth volume (right). Improvements in the event clarity and sharpness is 

highlighted in the circled areas. 
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