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[0012]   One estimation technique used in this context is known as the �one-third maximum 

offset� rule of thumb. Under this rule, the geophysicist assumes that the FWI depth of 

investigation to be one-third of the maximum offset between sources and receivers at any given 

point in the subsurface region. The accuracy of this estimation is sufficient for many contexts, 

but it is not unusual to find it applied in contexts where it is not appropriate. This rule of thumb 

estimation technique is, in general, both misused and overused as a technique for estimating 

the depth of investigation. 

 

SUMMARY OF THE INVENTION 

[0012a]  According to a first aspect of the present invention, there is provided a process for use 

in seismic exploration, including: for a plurality of different acquisition geometries: performing 

forward modeling on a subsurface attribute model of a subterranean region to generate a set of 

low frequency seismic data, the subsurface attribute model being based on data representative 

of the subterranean region; performing a reverse time migration on the low frequency seismic 

data to obtain a plurality of gathers with large opening angles greater than approximately 160°; 

stacking the gathers with the large opening angles greater than approximately 160° to yield a 

diving wave illumination image; and estimating a full-waveform inversion depth of investigation 

from the diving wave illumination image based on the diving wave illumination image of the 

different acquisition geometries, wherein the full-waveform inversion depth of investigation is 

associated with a proposed acquisition geometry of the different acquisition geometries; wherein 

at least one of the forward-modeling, performing, stacking, and estimating are performed by a 

processor. 

[0012b]   According to a second aspect of the present invention, there is provided a process for 

use in seismic surveying, including: for a plurality of different acquisition geometries: obtaining 

a set of synthetic, low frequency seismic data representative of a subterranean region, 

including: obtaining a subsurface attribute model of the subterranean region, the subsurface 

attribute model being generated from data representative of the subterranean region; and 

performing forward modeling on the subsurface attribute model using  a respective acquisition 

geometry to generate the low frequency seismic data; and imaging the low frequency seismic 

data, including: performing a reverse time migration on the low frequency seismic data to obtain 

a plurality of gathers with large opening angles greater than approximately 160°; stacking the 

gathers with the large opening angles greater than approximately 160° to yield a diving wave 

illumination image; and estimating a full-waveform inversion depth of investigation from the 

diving wave illumination image based on the diving wave illumination image of the different 

acquisition geometries, wherein the full-waveform inversion depth of investigation is associated 

with a proposed acquisition geometry of the different acquisition geometries. 

[0012c] According to a third aspect of the present invention, there is provided a process for use 

in evaluating a seismic data processing strategy, including: for a plurality of different acquisition 

geometries: performing forward modeling on a subsurface attribute model of a subterranean 

region to generate a set of low frequency seismic data, the subsurface attribute model being 

based on a seismic data set representative of the subterranean region; performing a reverse 

time migration on the low frequency seismic data to obtain a plurality of gathers with large 

opening angles greater than approximately 160°; stacking the gathers with the large opening 

angles greater than approximately 160° to yield a diving wave illumination image; estimating a 

depth of investigation from the diving wave illumination image based on the diving wave 

illumination image of the different acquisition geometries, wherein the full-waveform inversion 

depth of investigation is associated with a proposed acquisition geometry of the different 
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acquisition geometries; and determining from the estimated full-waveform inversion depth of 

investigation whether the seismic data processing strategy is likely to yield an acceptable 

product. 

[0012d]   According to a fourth aspect of the present invention, there is provided a process for 

use in seismic exploration, including: for a plurality of different acquisition geometries: 

performing forward modeling on a velocity model of a subterranean region to generate a set of 

synthetic, low frequency seismic data, the velocity model being based on data representative of 

the subterranean region; performing a reverse time migration on the low frequency seismic data 

to obtain a plurality of gathers with large opening angles greater than approximately 160°; 

stacking the gathers with the large opening angles greater than approximately 160° to yield a 

diving wave illumination image; and estimating a full-waveform inversion depth of investigation 

from the diving wave illumination image based on the diving wave illumination image of the 

different acquisition geometries, wherein the full-waveform inversion depth of investigation is 

associated with a proposed acquisition geometry of the different acquisition geometries. 

[0012e]   According to a fifth aspect of the present invention, there is provided a process for use 

in seismic surveying, including: for a plurality of different acquisition geometries: obtaining a 

velocity model of the subterranean region, the velocity model being based on data 

representative of the subterranean region; and forward modeling on the velocity model using a 

respective acquisition geometry to generate the low frequency seismic data; and imaging the 

low frequency seismic data, including: performing a reverse time migration on the low frequency 

seismic data to obtain a plurality of gathers with large opening angles greater than 

approximately 160°; stacking the gathers with the large opening angles greater than 

approximately 160° to yield a diving wave illumination image; and estimating a full-waveform 

inversion depth of investigation from the diving wave illumination image based on the diving 

wave illumination image of the different acquisition geometries, wherein the full-waveform 

inversion depth of investigation is associated with a proposed acquisition geometry of the 

different acquisition geometries. 

[0012f]    According to a sixth aspect of the present invention, there is provided a process for 

use in evaluating a proposed seismic survey plan, including: for a plurality of different 

acquisition geometries: obtaining a velocity model of  geological region to be seismically 

surveyed using data representative of the subterranean region; performing forward modeling on 

the velocity model with a respective acquisition geometry defining the source and receiver 

locations to generate a set of synthetic, low frequency seismic data; performing a reverse time 

migration on the low frequency seismic data to obtain a plurality of gathers with large opening 

angles greater than approximately 160°; stacking the gathers with the large opening angles 

greater than approximately 160° to yield a diving wave illumination image; and estimating  a full-

waveform inversion depth of investigation for a survey of the subterranean region based on the 

diving wave illumination image of the different acquisition geometries, wherein the full-waveform 

inversion depth of investigation is associated with a proposed acquisition geometry of the 

different acquisition geometries. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013]   The accompanying drawings, which are incorporated herein and constitute a part of 

this specification, illustrate embodiments of the invention and together with the description, 

serve to explain the principles of the invention. In the figures: 

[0014]    Figure 1 graphically presents the process flow in the method of the technique 

disclosed herein.   
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CLAIMS 

 

1. A process for use in seismic exploration, comprising: 

 for a plurality of different acquisition geometries: 

 performing forward modeling on a subsurface attribute model of a 

subterranean region to generate a set of low frequency seismic data, the 

subsurface attribute model being based on data representative of the 

subterranean region; 

 performing a reverse time migration on the low frequency seismic data to 

obtain a plurality of gathers with large opening angles greater than approximately 

160°; 

 stacking the gathers with the large opening angles greater than 

approximately 160° to yield a diving wave illumination image; and 

 estimating a full-waveform inversion depth of investigation from the diving 

wave illumination image based on the diving wave illumination image of the 

different acquisition geometries, wherein the full-waveform inversion depth of 

investigation is associated with a proposed acquisition geometry of the different 

acquisition geometries; 

 wherein at least one of the forward-modeling, performing, stacking, and 

estimating are performed by a processor. 

 

2. The process of claim 1, further comprising: 

 validating an updated subsurface attribute model using the full-waveform 

inversion depth of investigation,  

 providing an enhanced seismic image of the subterranean region using 

the updated subsurface attribute model; and 

 using the enhanced seismic image of the subterranean region to explore 

for hydrocarbons. 

 

3. The process of claim 1, wherein the subsurface attribute model is a smooth 

subsurface attribute model. 

 

4. The process of claim 1, wherein the low frequency seismic data are between 

approximately 2 Hz � 6 Hz. 
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5. The process of claim 1, wherein the data representative of the subterranean 

region is a set of seismic data. 

 

6. The process of claim 1, wherein the estimated depth of investigation is  for the 

proposed acquisition geometry , and wherein the proposed acquisition geometry is 

based on a position of a source and a position of a receive. 

 

7. The process of claim 1, wherein the subsurface attribute model is a velocity 

model. 

 

8. A process for use in seismic surveying, comprising: 

 for a plurality of different acquisition geometries: 

obtaining a set of synthetic, low frequency seismic data representative of a 

subterranean region, including: 

 obtaining a subsurface attribute model of the subterranean region, 

the subsurface attribute model being generated from data representative 

of the subterranean region; and 

 performing forward modeling on the subsurface attribute model 

using  a respective acquisition geometry to generate the low frequency 

seismic data; and 

 imaging the low frequency seismic data, including: 

 performing a reverse time migration on the low frequency seismic 

data to obtain a plurality of gathers with large opening angles greater than 

approximately 160°; 

 stacking the gathers with the large opening angles greater than 

approximately 160° to yield a diving wave illumination image; and 

estimating a full-waveform inversion depth of investigation from the 

diving wave illumination image based on the diving wave illumination 

image of the different acquisition geometries, wherein the full-waveform 

inversion depth of investigation is associated with a proposed acquisition 

geometry of the different acquisition geometries. 

 

9. The process of claim 8, wherein the low frequency seismic data are between 

approximately 2 Hz � 6 Hz. 
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10. The process of claim 8, wherein the estimated depth of investigation is for the 

proposed acquisition geometry, and wherein the proposed acquisition geometry is 

based on a position of a source and a position of a receiver. 

 

11. The process of claim 8, wherein the forward modeling is based on an actual 

acquisition geometry for sources and receivers that was used to acquire a set of seismic 

data from which the subsurface attribute model was constructed. 

 

12. The process of claim 8, wherein the reverse time migration comprises an optical 

flow reverse time migration. 

 

13. A process for use in evaluating a seismic data processing strategy, comprising: 

 for a plurality of different acquisition geometries: 

 performing forward modeling on a subsurface attribute model of a 

subterranean region to generate a set of low frequency seismic data, the 

subsurface attribute model being based on a seismic data set representative of 

the subterranean region; 

 performing a reverse time migration on the low frequency seismic data to 

obtain a plurality of gathers with large opening angles greater than approximately 

160°; 

 stacking the gathers with the large opening angles greater than 

approximately 160° to yield a diving wave illumination image;  

 estimating a depth of investigation from the diving wave illumination image 

based on the diving wave illumination image of the different acquisition 

geometries, wherein the full-waveform inversion depth of investigation is 

associated with a proposed acquisition geometry of the different acquisition 

geometries; and 

 determining from the estimated full-waveform inversion depth of 

investigation whether the seismic data processing strategy is likely to yield an 

acceptable product. 

 

14. The process of claim 13, further comprising: 

validating an updated subsurface attribute model using the full-waveform 

inversion depth of investigation, and 

providing an enhanced seismic image of the subterranean region using the 

updated subsurface attribute model. 
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15. The process of claim 13, wherein the low frequency seismic data are between 

approximately 2 Hz � 6 Hz. 

 

16. The process of claim 13, wherein the forward modeling includes a proposed 

acquisition geometry for sources and receivers. 

 

17. The process of claim 13, wherein the forward modeling is based on an actual 

acquisition geometry for sources and receivers that was used to acquire a set of seismic 

data from which the subsurface attribute model was constructed. 

 

18. A process for use in seismic exploration, comprising: 

 for a plurality of different acquisition geometries: 

 performing forward modeling on a velocity model of a subterranean 

region to generate a set of synthetic, low frequency seismic data, the 

velocity model being based on data representative of the subterranean 

region; 

 performing a reverse time migration on the low frequency seismic 

data to obtain a plurality of gathers with large opening angles greater than 

approximately 160°; 

  stacking the gathers with the large opening angles greater than 

approximately 160° to yield a diving wave illumination image; and 

  estimating a full-waveform inversion depth of investigation from the 

diving wave illumination image based on the diving wave illumination 

image of the different acquisition geometries, wherein the full-waveform 

inversion depth of investigation is associated with a proposed acquisition 

geometry of the different acquisition geometries. 

 

19. The process of claim 18, wherein the low frequency seismic data are between 

approximately 2 Hz � 6 Hz. 

 

20. The process of claim 18, wherein the forward modeling includes a proposed 

acquisition geometry for sources and receivers. 

 

21. The process of claim 18, wherein the forward modeling is based on an actual 

acquisition geometry for sources and receivers that was used to acquire a set of seismic 

data from which the velocity model was constructed. 
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22. The process of claim 18, wherein the gathers include diving waves and 

backscattered energy. 

 

23. A process for use in seismic surveying, comprising: 

 for a plurality of different acquisition geometries: 

 obtaining a velocity model of the subterranean region, the velocity model 

being based on data representative of the subterranean region; and 

forward modeling on the velocity model using a respective acquisition 

geometry to generate the low frequency seismic data; and 

 imaging the low frequency seismic data, including: 

 performing a reverse time migration on the low frequency seismic 

data to obtain a plurality of gathers with large opening angles greater than 

approximately 160°; 

 stacking the gathers with the large opening angles greater than 

approximately 160° to yield a diving wave illumination image; and 

 estimating a full-waveform inversion depth of investigation from the 

diving wave illumination image based on the diving wave illumination 

image of the different acquisition geometries, wherein the full-waveform 

inversion depth of investigation is associated with a proposed acquisition 

geometry of the different acquisition geometries. 

 

24. The process of claim 23, wherein the low frequency seismic data are between 

approximately 2 Hz � 6 Hz. 

 

25. The process of claim 23, wherein the forward modeling includes a proposed 

acquisition geometry for sources and receivers. 

 

26. The process of claim 23, wherein the forward modeling includes an actual 

acquisition geometry for sources and receivers that was used to acquire a set of seismic 

data from which the velocity model was constructed. 

 

27. A process for use in evaluating a proposed seismic survey plan, comprising: 

 for a plurality of different acquisition geometries: 

 obtaining a velocity model of geological region to be seismically surveyed 

using data representative of the subterranean region; 



 

28 
 

 

 performing forward modeling on the velocity model with a respective 

acquisition geometry defining the source and receiver locations to generate a set 

of synthetic, low frequency seismic data; 

 performing a reverse time migration on the low frequency seismic data to 

obtain a plurality of gathers with large opening angles greater than approximately 

160°; 

 stacking the gathers with the large opening angles greater than 

approximately 160° to yield a diving wave illumination image; and 

 estimating a full-waveform inversion depth of investigation for a survey of 

the subterranean region based on the diving wave illumination image of the 

different acquisition geometries, wherein the full-waveform inversion depth of 

investigation is associated with a proposed acquisition geometry of the different 

acquisition geometries. 

 

28. The process of claim 27, wherein the low frequency seismic data are between 

approximately 2 Hz � 6 Hz. 

 

29. The process of claim 27, wherein the gathers include diving waves and 

backscattered energy. 

 

 


