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ȮɗɕɔɑɢɍɔɈɆɓɎɋ ɔɇɒɋɓɓɡɛ ɕɔɕɋɖɋɝɓɡɛ Ɉɔɑɓ 
Ɋɑɥ ɈɔɗɗɘɆɓɔɈɑɋɓɎɥ ɓɔɖɒɆɑɢɓɔɏ 

ɔɘɖɆɌɆɘɋɑɢɓɔɏ ɛɆɖɆɐɘɋɖɎɗɘɎɐɎ ɖɆɍɖɋɍɆ Ɏ 
ɕɔɈɡɞɋɓɎɥ ɖɆɍɖɋɞɋɓɓɔɗɘɎ ɎɍɔɇɖɆɌɋɓɎɥ
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normal medium reflectivity and to increase 
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ȨɔɗɗɘɆɓɔɈɑɋɓɎɋ ɐɔɣɚɚɎɜɎɋɓɘɆ ɔɘɖɆɌɋɓɎɥ ɕɔ ɓɔɖɒɆɑɎ
Recovery of normal reflection coefficient

ɕɖɎ ɗɑɋɊəɤɟɎɛ əɗɑɔɈɎɥɛ:
Â ɒɆɑɡɏ ɕɋɖɋɕɆɊ ɗɐɔɖɔɗɘɋɏ ɓɆ 
ɉɖɆɓɎɜɋ ɖɆɍɊɋɑɆ ɗɖɋɊɡ

Â ɒɆɑɡɏ əɉɔɑ ɕɆɊɋɓɎɥ ȅ

Â ɒɆɑɆɥ ɈɋɑɎɝɎɓɆ ɔɘɐɑɔɓɋɓɎɥ 
ɔɘɓɔɞɋɓɎɥ Vs/Vp ɔɘ ɈɋɑɎɝɎɓɡ 0.5 

ʊʘʙʘʢʦʚ ɸ.ɸ.ʠ ɹʘʝʚ ɸ.ɺ.  (2007) 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʟ ʫʨʘʚʥʝʥʠʡ ʅʦʪʘ-

ʎʸʧʨʠʪʮʘ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʦʪʨʘʞʝʥʠʷ ʧʦ ʥʦʨʤʘʣʠ ʩʣʝʜʫʝʪ

ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʦʪʨʘʞʝʥʠʷ ʚʦʣʥ PP ʠ PS ʧʨʠ 

ʧʘʜʝʥʠʠ ʧʦʜ ʫʛʣʦʤ ɗ:
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Tabakov A.A. and Baev A.V. 

(2007) showed that normal 

reflection coefficient may be 
derived from Nott-Zoeppritz 

equations as a dependence  from 

reflection coefficients for PP and 

PS waves at ɗ incidence angle:

with next conditions :
Â small difference of velocity 

change on the layers bound

Â small incidence angleȅ

Â small value of deviation of 
Vs/Vp ratio from 0.5
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ȨɔɗɗɘɆɓɔɈɑɋɓɎɋ ɐɔɣɚɚɎɜɎɋɓɘɆ ɔɘɖɆɌɋɓɎɥ ɕɔ ɓɔɖɒɆɑɎ
Recovery of normal reflection coefficient

Â ɃɐɗɕɋɖɎɒɋɓɘɡ ɓɆ ɒɔɊɋɑɢɓɡɛ 
ɊɆɓɓɡɛ (ȸɆɇɆɐɔɈ Ȧ.Ȧ., ȧɆɖɆɓɔɈ
Ȱ.Ȩ. Ɏ Ɋɖ. (2006)) ɕɔɐɆɍɆɑɎ 
ɛɔɖɔɞəɤ ɘɔɝɓɔɗɘɢ ɗɔɔɘɓɔɞɋɓɎɥ
ɕɖɎ əɉɑɆɛ ȅɊɔ 40.

Â Ȩ ɔɘɑɎɝɎɋ ɔɘ ɎɍɈɋɗɘɓɡɛ ɚɔɖɒəɑ 
ɐɔɖɖɋɐɜɎɎ ɍɆ əɉɔɑ ɕɆɊɋɓɎɥ 
ɕɖɎɈɑɋɐɆɋɘɗɥ ɎɓɚɔɖɒɆɜɎɥ Ɏɍ 
ɔɇɒɋɓɓɔɏ P-SV Ɉɔɑɓɡ

Â Experiments with synthetic data 
(Tabakov A.A., Baranov K.V. et al. 
(2006)) demonstrated good 
precision of the dependence with 
incident angles ȅup to 40 .

Â In opposition to known formulae 
with incidence angle correction an 
information from P-SV wave is used

A
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Â Ȯɗɕɔɑɢɍəɥ ɕɔɑəɝɋɓɓəɤ 
ɚɔɖɒəɑə ɒɔɌɓɔ ɈɔɗɗɘɆɓɔɈɎɘɢ 
ɐɔɣɚɚɎɜɎɋɓɘ ɔɘɖɆɌɋɓɎɥ ɕɔ 
ɓɔɖɒɆɑɎ Ɏɗɕɔɑɢɍəɥ ɊɆɓɓɡɋ Ȩȷȵ 
ɗ ɊɆɑɢɓɎɛ ȵȨ

Â ȷəɒɒɎɖəɥ ɓɔɖɒɆɑɢɓɡɋ 
ɐɔɣɚɚɎɜɎɋɓɘɡ ɔɘɖɆɌɋɓɎɥ ɗ 
ɖɆɍɓɡɛ ȵȨ ɒɔɌɓɔ əɈɋɑɎɝɎɘɢ 
ɔɘɓɔɞɋɓɎɋ ɗɎɉɓɆɑ/ɞəɒ Ɉ ɘɖɆɗɗɋ 
ɔɊɓɔɐɖɆɘɓɡɛ ɔɘɖɆɌɋɓɎɏ

Â Ȫɑɥ ɐɔɓɐɖɋɘɓɔɏ ɉɋɔɒɋɘɖɎɎ 
ɓɆɇɑɤɊɋɓɎɏ ɓɔɖɒɆɑɎɍɆɜɎɥ ȸȴȴ 
Ɋɑɥ ɊɆɑɢɓɎɛ ȵȨ ɕɖɔɈɔɊɎɑɆɗɢ ɕɔ 
ɚɔɖɒəɑɋ:

Â ȷəɒɒɎɖəɥ ɗ ȸȴȴ Ɋɑɥ ɇɑɎɌɓɋɉɔ 
ȵȨ, Ɏɒɋɋɒ:

ȳɔɖɒɆɑɎɍɆɜɎɥ ɘɖɆɗɗɡ ɔɊɓɔɐɖɆɘɓɡɛ ɔɘɖɆɌɋɓɎɏ Ȩȷȵ
Normalization of VSP primary reflection trace
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Â Using obtained formula itôs possible 
to restore normal reflection 
coefficient using VSP data from 
offset shot points

Â Sum of normal coefficients from 
several shot points one can 
increase signal/noise ratio

Â For exact acquisition geometry 
primary reflections from offset  VSP 
was normalized using formula:

Â Sum with zero-offset primary 
reflections gives:
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Â ȵɔ ɊɆɓɓɡɒ ɆɐəɗɘɎɝɋɗɐɔɉɔ Ɏ 
ɕɑɔɘɓɔɗɘɓɔɉɔ ɐɆɖɔɘɆɌɆ Ɉ ɇɡɑɎ 
ɖɆɗɗɝɎɘɆɓɡ ɗɎɓɘɋɘɎɝɋɗɐɎɋ 
ɔɘɖɆɌɋɓɎɥ Ɏ ɕɖɔɎɍɈɋɊɋɓɆ Ɏɛ 
ɗɈɋɖɘɐɆ ɗ Ɏɒɕəɑɢɗɔɒ ȶɎɐɋɖɆ 
(80ȩɜ)

Â ȸɖɆɗɗɡ ɔɊɓɔɐɖɆɘɓɡɛ ɔɘɖɆɌɋɓɎɏ 
Ȩȷȵ ɗ 4 ȵȨ (ɔɊɎɓ ɇɑɎɌɓɎɏ Ɏ ɘɖɎ 
ɊɆɑɢɓɎɛ) ɔɘɚɎɑɢɘɖɔɈɆɓɡ Ɉ 
ɝɆɗɘɔɘɓɡɏ ɊɎɆɕɆɍɔɓ ɗɎɓɘɋɘɎɐɎ

Â ȵɖɔɈɋɊɋɓɔ ɗɔɕɔɗɘɆɈɑɋɓɎɋ 
ɗɎɓɘɋɘɎɝɋɗɐɎɛ ɔɘɖɆɌɋɓɎɏ Ɏ 
ɖɋɆɑɢɓɡɛ ɕɔɗɑɋ ɓɔɖɒɆɑɎɍɆɜɎɎ 
ɕəɘɋɒ ɐɔɖɖɋɑɥɜɎɎ ɘɖɆɗɗ

ȷɔɕɔɗɘɆɈɑɋɓɎɋ ɘɖɆɗɗ ɔɊɓɔɐɖɆɘɓɡɛ Ɏ ɓɔɖɒɆɑɎɍɔɈɆɓɓɡɛ 
ɔɘɖɆɌɋɓɎɏ Ȩȷȵ ɗ ɊɆɓɓɡɒɎ ȩȮȷ

Comparison of VSP primary and normalized reflections 
with synthetic reflections calculated from log data

Â Synthetic reflections were 
calculated as a convolution of 
Ricker impulse (80Hz) with 
reflectivity obtained from sonic 
and density log

Â VSP primary reflection traces from 
4 shot points (one zero and three 
offsets) was filtered to the 
synthetic reflections frequency 
range

Â Comparison of synthetic 
reflections and real ones were 
performed by correlation of 
calculated traces
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ȷɔɕɔɗɘɆɈɑɋɓɎɋ ɘɖɆɗɗ ɔɊɓɔɐɖɆɘɓɡɛ Ɏ ɓɔɖɒɆɑɎɍɔɈɆɓɓɡɛ 
ɔɘɖɆɌɋɓɎɏ Ȩȷȵ ɗ ɊɆɓɓɡɒɎ ȩȮȷ

Comparison of VSP primary and normalized reflections 
with synthetic reflections calculated from log data
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ȷɔɕɔɗɘɆɈɑɋɓɎɋ ɘɖɆɗɗ ɔɊɓɔɐɖɆɘɓɡɛ Ɏ ɓɔɖɒɆɑɎɍɔɈɆɓɓɡɛ 
ɔɘɖɆɌɋɓɎɏ Ȩȷȵ ɗ ɊɆɓɓɡɒɎ ȩȮȷ

Comparison of VSP primary and normalized reflections 
with synthetic reflections calculated from log data

Â ȸɖɆɗɗɆ ɓɔɖɒɆɑɎɍɔɈɆɓɓɡɛ 
ɔɘɖɆɌɋɓɎɏ ɑəɝɞɋ 
ɔɕɎɗɡɈɆɋɘ 
ɔɘɖɆɌɆɘɋɑɢɓəɤ 
ɛɆɖɆɐɘɋɖɎɗɘɎɐə ɗɖɋɊɡ, 
ɝɋɒ ɘɖɆɊɎɜɎɔɓɓɆɥ ȸȴȴ

Â ȷəɒɒɎɖɔɈɆɓɎɋ ɊɆɓɓɡɛ 
ɒɓɔɉɎɛ ȵȨ ɕɔɈɡɞɆɋɘ 
ɔɘɓɔɞɋɓɎɋ ɗɎɉɓɆɑ/ɞəɒ, 
ɝɘɔ ɊɋɑɆɋɘ ɖɋɍəɑɢɘɆɘ 
ɇɔɑɋɋ ɊɔɗɘɔɈɋɖɓɡɒ

Â Normalized reflection 
trace describes 
reflectivity of the 
medium better than 
traditional primary 
reflection trace

Â Sum of data from 
several shot points 
increases signal/noise 
ratio and makes the 
more robust result 
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ȵɖɎɈɥɍɐɆ ɘɖɆɗɗɡ ɔɊɓɔɐɖɆɘɓɡɛ ɔɘɖɆɌɋɓɎɏ ɐ ɖɆɍɖɋɍə ȴȩȸ
Tie of VSP primary reflections trace with CMP section

0.35

ȺȨȰ CCF
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ȵɖɎɈɥɍɐɆ ɘɖɆɗɗɡ ɓɔɖɒɆɑɎɍɔɈɆɓɓɡɛ ɔɘɖɆɌɋɓɎɏ ɐ 
ɖɆɍɖɋɍə ȴȩȸ

Tie of normalized VSP primary reflections trace with
CMP section

0.50

ȺȨȰ CCF
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Â ȸɖɆɗɗɆ ɓɔɖɒɆɑɎɍɔɈɆɓɓɡɛ 
ɔɘɖɆɌɋɓɎɏ ɑəɝɞɋ 
ɐɔɖɖɋɑɎɖəɋɘɗɥ ɗ 
ɖɆɍɖɋɍɔɒ ȴȩȸ, ɝɋɒ 
ɘɖɆɊɎɜɎɔɓɓɆɥ ȸȴȴ

Â ȶɋɍəɑɢɘɆɘ ɕɖɎɈɥɍɐɎ 
ɍɆɐɔɓɔɒɋɖɓɔ ɑəɝɞɋ Ɉ 
ɗɑəɝɆɋ ɓɋɘɖɎɈɎɆɑɢɓɡɛ 
əɗɑɔɈɎɏ:
Â ȳɆɐɑɔɓɓɔ-ɗɑɔɎɗɘɆɥ ɗɖɋɊɆ
Â ȳɋɈɋɖɘɎɐɆɑɢɓɆɥ ɗɐɈɆɌɎɓɆ
Â ȲɆɑɔɋ ɔɘɓɔɞɋɓɎɋ 
ɗɎɉɓɆɑ/ɞəɒ Ɉ ɎɗɛɔɊɓɡɛ 
ɊɆɓɓɡɛ Ȩȷȵ

Â Normalized reflection 
trace is correlated with 
CMP section better than 
traditional primary 
reflection trace

Â The tie is naturally 
better in case of non-
trivial conditions:
Â Non-horizontal layered 

medium
Â Deviated well trunk
Â Small signal/noise ratio in 

initial VSP data

ȵɖɎɈɥɍɐɆ ɘɖɆɗɗɡ ɓɔɖɒɆɑɎɍɔɈɆɓɓɡɛ ɔɘɖɆɌɋɓɎɏ ɐ 
ɖɆɍɖɋɍə ȴȩȸ

Tie of normalized VSP primary reflections trace with
CMP section
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ȪɋɘɆɑɎɍɆɜɎɥ ɎɍɔɇɖɆɌɋɓɎɥ ɔɐɔɑɔɗɐɈɆɌɎɓɓɔɉɔ 
ɕɖɔɗɘɖɆɓɗɘɈɆ Ɉ ɗɑɔɌɓɔɏ ɉɋɔɑɔɉɎɝɋɗɐɔɏ ɗɎɘəɆɜɎɎ

Detailed imaging of near well medium for complex geology

ȮɓɘɋɖɋɗəɤɟɆɥ ɔɇɑɆɗɘɢ
Area of interest
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ȪɋɘɆɑɎɍɆɜɎɥ ɎɍɔɇɖɆɌɋɓɎɥ ɔɐɔɑɔɗɐɈɆɌɎɓɓɔɉɔ 
ɕɖɔɗɘɖɆɓɗɘɈɆ Ɉ ɗɑɔɌɓɔɏ ɉɋɔɑɔɉɎɝɋɗɐɔɏ ɗɎɘəɆɜɎɎ

Detailed imaging of near well medium for complex geology

ȳɆɖəɞɋɓɎɋ?
Fault?

Reflected PP 
waves image
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ȪɋɘɆɑɎɍɆɜɎɥ ɎɍɔɇɖɆɌɋɓɎɥ ɔɐɔɑɔɗɐɈɆɌɎɓɓɔɉɔ 
ɕɖɔɗɘɖɆɓɗɘɈɆ Ɉ ɗɑɔɌɓɔɏ ɉɋɔɑɔɉɎɝɋɗɐɔɏ ɗɎɘəɆɜɎɎ

Detailed imaging of near well medium for complex geology

Reflected PS 
waves image

ȳɋɘ ɓɆɖəɞɋɓɎɥ?
No fault?
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ȪɋɘɆɑɎɍɆɜɎɥ ɎɍɔɇɖɆɌɋɓɎɥ ɔɐɔɑɔɗɐɈɆɌɎɓɓɔɉɔ 
ɕɖɔɗɘɖɆɓɗɘɈɆ Ɉ ɗɑɔɌɓɔɏ ɉɋɔɑɔɉɎɝɋɗɐɔɏ ɗɎɘəɆɜɎɎ

Detailed imaging of near well medium for complex geology

ȩɖɆɓɎɜɆ ɓɆɖəɞɋɓɎɥ
Faultôs upper bound

Sum of reflected PP 
and PS waves 

images

ȳɆɖəɞɋɓɎɋ
Fault
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ȪɋɘɆɑɎɍɆɜɎɥ ɎɍɔɇɖɆɌɋɓɎɥ ɔɐɔɑɔɗɐɈɆɌɎɓɓɔɉɔ 
ɕɖɔɗɘɖɆɓɗɘɈɆ Ɉ ɗɑɔɌɓɔɏ ɉɋɔɑɔɉɎɝɋɗɐɔɏ ɗɎɘəɆɜɎɎ

Detailed imaging of near well medium for complex geology

Sum of reflected PP 
and PS waves 

images

Transmitted PS 
waves image
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ȵɔɈɡɞɋɓɎɋ ɖɆɍɖɋɞɋɓɓɔɗɘɎ ɕɔɑɥ ɎɒɕɋɊɆɓɗɔɈ
Increased resolution of impedance image
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Ƀɚɚɋɐɘ ɕɔɈɡɞɋɓɎɥ ɖɆɍɖɋɞɋɓɓɔɗɘɎ
Effect of increasing resolution

Â ȮɗɕɔɑɢɍɔɈɆɓɎɋ ɔɇɒɋɓɓɡɛ ɕɔɕɋɖɋɝɓɡɛ 
ɔɘɖɆɌɋɓɎɏ ɕɔɍɈɔɑɥɋɘ ɕɔɈɡɗɎɘɢ 
ɖɆɍɖɋɞɆɤɟəɤ ɗɕɔɗɔɇɓɔɗɘɢ ɘɖɆɗɗ 
ɓɔɖɒɆɑɎɍɔɈɆɓɓɡɛ ɔɘɖɆɌɋɓɎɏ, 
ɓɔɖɒɆɑɎɍɔɈɆɓɓɡɛ ɎɍɔɇɖɆɌɋɓɎɏ Ɏ, 
ɗɑɋɊɔɈɆɘɋɑɢɓɔ, ɎɒɕɋɊɆɓɗɔɈ.  Ȩ ɔɗɓɔɈɋ 
ɣɘɔɉɔ ɣɚɚɋɐɘɆ ɑɋɌɎɘ ɎɍɈɋɗɘɓɔɋ 
ɗɔɔɘɓɔɞɋɓɎɋ ɒɋɌɊə ɝɆɗɘɔɘɔɏ, 
ɗɐɔɖɔɗɘɢɤ ɖɆɗɕɖɔɗɘɖɆɓɋɓɎɥ Ɉɔɑɓɡ Ɏ 
ɊɑɎɓɔɏ Ɉɔɑɓɡ:

Â ȽɆɗɘɔɘɆ ɗɋɏɗɒɎɝɋɗɐɔɉɔ ɗɎɉɓɆɑɆ ɓɋ 
ɍɆɈɎɗɎɘ ɔɘ ɘɎɕɆ Ɉɔɑɓɡ, ɔɊɓɆɐɔ Vs<Vp, 
ɕɔɣɘɔɒə ɊɑɎɓɆ ɔɇɒɋɓɓɡɛ ɕɔɕɋɖɋɝɓɡɛ 
Ɉɔɑɓ ɇəɊɋɘ ɒɋɓɢɞɋ ɝɋɒ ə ɕɖɔɊɔɑɢɓɡɛ.  
Ƀɘɔ ɔɍɓɆɝɆɋɘ, ɝɘɔ ɔɇɒɋɓɓɡɋ 
ɕɔɕɋɖɋɝɓɡɋ Ɉɔɑɓɡ ɓɋɗəɘ ɎɓɚɔɖɒɆɜɎɤ 
ɔ ɇɔɑɋɋ ɘɔɓɐɎɛ ɔɗɔɇɋɓɓɔɗɘɥɛ ɗɖɋɊɡ.

Â Using of converted shear 
reflections allows to increase 
resolution of normalized reflection 
traces, normalized images and 
therefore acoustic impedances.  
The effect is based on well known 
relation between frequency, wave 
velocity and length of wave:

Â Frequency of seismic signal does 
not depend on wave type, but 
Vs<Vp, so length of converted 
shear waves will be less than 
pressure waves.  This means that 
converted shear waves bring 
information about thinner medium 
characteristics


