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ȍȭȰȯȰȸȳȰ

Introduction

ȨȿȿȰȵȽȳȭȸȹȼȽɇȹȬȻȫȬȹȽȵȳȯȫȸȸɆɀȍȜȚȳ
ȸȫȲȰȷȸȹȴȼȰȴȼȷȹȻȫȲȭȰȯȵȳȭȹȷȸȹȮȹȷȹȺȻȰȯȰȶɊȰȽȼɊ
ȵȫɂȰȼȽȭȹȷȼȰȶȰȵɁȳȳȳȲȭȹȶȸȹȭȹȮȹȺȹȶɊȹȼȸȹȭȸɆɀ
ȻȰȮȾȶɊȻȸɆɀȭȹȶȸ. șȯȸȹȴȳȲȮȶȫȭȸɆɀȺȻȹȬȶȰȷ
ȼȰȶȰȵɁȳȳȭȹȶȸ,ɊȭȶɊȰȽȼɊɈȿȿȰȵȽȳȭȸȹȰȺȹȯȫȭȶȰȸȳȰ
ȭ ȭȹȶȸȹȭȹȷȺȹȶȰȻȰȮȾȶɊȻȸɆɀȳ ȸȰȻȰȮȾȶɊȻȸɆɀ
ȺȹȷȰɀ,ȸȫȬȶɉȯȫȰȷɆɀȭȹȭȻȰȷȰȸȸȹȴ,ɂȫȼȽȹȽȸȹȴȳ
FK ȹȬȶȫȼȽȳ,ȺȻȳȷȳȸȳȷȫȶɇȸȹȷȳȼȵȫȱȰȸȳȳ
ȺȹȶȰȲȸɆɀȹȽȻȫȱȰȸȸɆɀȭȹȶȸ.

șȼȸȹȭȸɆȰȺȻȳȸɁȳȺɆ,ȺȹȶȹȱȰȸȸɆȰȭȹȼȸȹȭȾ
ȽȰɀȸȹȶȹȮȳȳȼȰȶȰȵɁȳȳȯȫȸȸɆɀ1D-3D ȍȜȚ:

ÂȬȫȲȳȻȹȭȫȸȳȰȸȫ ȼȵȹȻȹȼȽȸȹȴ1D ȷȹȯȰȶȳ
ȺȫȻȫȶȶȰȶɇȸȹ-ȼȶȹȳȼȽȹȴȫȸȳȲȹȽȻȹȺȸȹȴȼȻȰȯɆȳ ȭ
ȺȰȻȼȺȰȵȽȳȭȰȸȫ2D/ 3D ȷȹȯȰȶȳ;

ÂȫȯȯȳȽȳȭȸȹȼȽɇȭɆȯȰȶɊȰȷɆɀȭȹȶȸ, ȸȰȻȰȮȾȶɊȻȸɆɀȳ
ȻȰȮȾȶɊȻȸɆɀȺȹȷȰɀȳȭȹȶȸȹȭȹȮȹȺȹȶɊȹȼȽȫȽȵȹȭ;

ÂȳȽȰȻȫȽȳȭȸȹȼȽɇȺȻȹɁȰȯȾȻɆȼȰȶȰȵɁȳȳȼ
ȺȹȼȽȰȺȰȸȸɆȷȾȽȹɂȸȰȸȳȰȷȺȹȶɊȭɆȯȰȶɊȰȷɆɀȭȹȶȸ.

ÂȺȻȳȷȰȸȰȸȳȰȷȰȽȹȯȫȵȳȸȰȷȫȽȳɂȰȼȵȹȮȹȳ
ȯȳȸȫȷȳɂȰȼȵȹȮȹȺȻȹȰȵȽȳȻȹȭȫȸȳɊȭ ȹȬȶȫȼȽȳ
ȯȹȺȾȼȽȳȷɆɀȺȫȻȫȷȰȽȻȹȭ.

șȼȸȹȭɆȯȶɊȺȻȫȵȽȳɂȰȼȵȹȮȹȺȻȳȷȰȸȰȸȳɊ
ȺȻȰȯȶȫȮȫȰȷȹȮȹȷȰȽȹȯȫ:

Â ɀȹȻȹɃȰȰ ȼȹȹȽȭȰȽȼȽȭȳȰ ȷȹȯȰȶȳ ȯȶɊ P ȳ Sȭȹȶȸ 
ȻȰȫȶɇȸȹȷȾ ȭȹȶȸȹȭȹȷȾ Ⱥȹȶɉ;

Â ȹȽȼȾȽȼȽȭȳȰ ȭȹȶȸ-ȺȹȷȰɀ ȼ ȬȶȳȲȵȳȷȳ ȵ ȺȹȶȰȲȸɆȷ 
ȭȹȶȸȫȷ (ȭȹȼɀȹȯɊɄȳȷ ȹȽȻȫȱȰȸȸɆȷ PP ȳ PS ȭȹȶȸȫȷ) 
ȵȫȱȾɄȳȷȳȼɊ ȼȵȹȻȹȼȽɊȷȳ;

Â ȯȹȼȽȫȽȹɂȸȹ ȸȳȲȵȳȴ ȿȹȸ ȸȰȻȰȮȾȶɊȻȸȹȮȹ ɃȾȷȫ.

Efficiency of VSP and CDP seismic data
processing in many respectsis determined by quality
of selectionfrom wavefield of the basic regularwaves.
One of the main problems of wave selection is
effectivesuppressionin wavefield of the regular and
irregular noises observedin time, frequency and FK
domains at the minimal distortion of the useful
reflectedwaves.

The main principles put in basis of 1D-3D VSP
dataselectiontechnology:

Â basing on 1D velocity models of  the parallel -
layered anisotropic medium and in the future on 
2D/3D model;

Â additivity of  waves selected, irregular and regular 
noises and wavefield of  residuals;

Â iterativity of selection procedures  with step-by-step 
refining of  selected waves wavefield; 

Â application of  kinematic and dynamic projection 
method on valid parameter domains;

The bases for practical application of  developed 
method:

Â good correspondence of  model for P and S waves to 
real wavefield;

Â absence of  waves-noises with close to useful waves 
(upgoing reflected PP and PS waves) apparent 
velocities;

Â low enough level of  irregular noise.



țȫȲȶȹȱȰȸȳȰ ȭȹȶȸȹȭȹȮȹ ȺȹȶɊ ȭ  ȽȰɀȸȹȶȹȮȳȳ ȫȭȽȹȷȫȽȳɂȰȼȵȹȴ 

ȼȰȶȰȵɁȳȳ ȯȫȸȸɆɀ ȍȜȚ
Decomposition of wavefield in VSP data automatic selection technology

ȍȹȶȸȹȭȹȰȺȹȶȰȍȜȚȺȻȰȯȼȽȫȭȶɊȰȽȼɊ
ȵȫȵȼȾȷȷȫȹȼȸȹȭȸɆɀȽȳȺȹȭȭȹȶȸ: DP,
DPDS, DPUP, DPUS, DPUPDP, DS,
DPUPDS, DSUS, DSUP ȳȻȰȮȾȶɊȻȸɆɀȳ
ȸȰȻȰȮȾȶɊȻȸɆɀȺȹȷȰɀ.

VSP wavefield is representedas the sum
of the basic types of waves: DP, DPDS,
DPUP, DPUS, DPUPDP, DS, DPUPDS,
DSUS, DSUP and regular and irregular
noises.

VSP

wavefield = DP DPDS+ DPUP DPUS++ DPUPDP+ + DS +

DSUS+ DSUP
Regular

noises
++

Irregular

noises
+DPUPDS

WhereDP - direct P wave, DPDS ðdowngoing convertedPS wave, DPUP ðreflected

monotypePP wave, DPUS - reflectedconvertedPS wave, DPUPDP - multiple downgoing P 

wave, reflected from ground surface, DS - direct S wave, DPUPDS -downgoing convertedS 

wave, formed as result of  reflection from ground surface ofPP wave, DSUSðreflected

monotypeSSwave, DSUPðreflectedconvertedSPwave.



ȚȻȰȯȼȽȫȭȶȰȸȳȰ ȺȹȶȰȴ  ȺȹȷȰɀ ȭ  ȽȰɀȸȹȶȹȮȳȳ ȼȰȶȰȵɁȳȳ 

ȯȫȸȸɆɀ ȍȜȚ

Representation of noise fields in VSP data selection technology

Regular

noises =
Velocity wave-

noises in FK and 

Time domains

Local regular

Frequency noises
+

Irregular

noises =
Frequency

spikes

(harmonic noises)

Wave spikes

in Time domain
+



M
P
n

ȜȰȶȰȵɁȳɊȷȹȱȰȽȭɆȺȹȶȸɊȽɇȼɊȯȶɊ1C ȳ
3C ȼȰȴȼȷȳɂȰȼȵȳɀȯȫȸȸɆɀ,ȺȻȳɂȰȷȯȶɊ
ȯȫȸȸɆɀ3C ȺȻȰȯȾȼȷȹȽȻȰȸȫȵȫȵ
ȺȹȵȹȷȺȹȸȰȸȽȸȫɊȳɀȹȬȻȫȬȹȽȵȫ,Ƚȫȵȳȳɀ
ȼȰȶȰȵɁȳɊȺȹȼȶȰȺȻȰȹȬȻȫȲȹȭȫȸȳɊȽȻȰɀ
ȵȹȷȺȹȸȰȸȽȭɀȹȯȸɆɀȯȫȸȸɆɀȭ ȹȯȸȾ
ȼȶȰȯɊɄȾɉȵȹȷȺȹȸȰȸȽȾȯȶɊȵȫȱȯȹȮȹ
ȭɆȯȰȶɊȰȷȹȮȹȽȳȺȫȭȹȶȸɆ. ȚȻȰȹȬȻȫȲȹȭȫȸȳȰ
ȭȼȶȰȯɊɄȾɉȵȹȷȺȹȸȰȸȽȾȹȼȸȹȭɆȭȫȰȽȼɊȸȫ
ȹɁȰȸȵȫɀȺȹȶɊȻȳȲȫɁȳȳȺȹȲȫȯȫȸȸȹȴȷȹȯȰȶȳ
ȼȻȰȯɆȯȶɊȵȫȱȯȹȮȹȽȳȺȫȭȹȶȸɆ.

Selection can be applied to 1C and 3C
seismic data, and for the 3C data both
component by component processing and
tracking component selection after
transformation three component of the input
data in one tracking component for each
selected type wave is provided.
Transformation in tracking component is
based on polarization estimations by given
model of medium for eachwavetype .

1C

VSP

data

3C

VSP

data

1C

AutoSel

Component by component

3C AutoSel

Tracking component

3C AutoSel

1Cselected waves

and residuals

3Cselected waves

and residuals



ȜȽȻȾȵȽȾȻȸȫɊ ȼɀȰȷȫ ȹȬȻȫȬȹȽȵȳ ȽȻȫȼȼ ȹȯȸȹȮȹ Țȍ ȯȫȸȸɆɀ 1D/ 2D/3D ȍȜȚ

Structure chart of   single SP traces processing of   1D/2D/3D VSP data

ȜȰȶȰȵɁȳɊ ȭȹȶȸ ȹȯȸȹȴ ȵȹȷȺȹȸȰȸȽɆ ȯȶɊ ȯȫȸȸɆɀ 1C/3C ȭ ȺȹȵȹȷȺȹȸȰȸȽȸȹȷ ȻȰȱȳȷȰ. 

1-ȫɊ ȳȽȰȻȫɁȳɊ.

Single component waves selection for 1C/3C data in component by component mode. 

First iteration.

Start of  cycle by number

of  selected waves types

End of  cycle by number

of  selected waves types

Traces moving 

to the vertical

Preliminary

selection

in FK domain

Extra

selection by

POLYCOR algorithm

Return of traces

from vertical

to initial times

Selected wave

subtraction

from initial wavefield

Initial 1C 

wavefield 

Selected 1C 

waves and

residuals 

Selected wave

frequency noise

edition

Residuals

frequency noise

edition



ȜȽȻȾȵȽȾȻȸȫɊ ȼɀȰȷȫ ȹȬȻȫȬȹȽȵȳ ȽȻȫȼȼ ȹȯȸȹȮȹ Țȍ ȯȫȸȸɆɀ 1D/ 2D/3D ȍȜȚ

Structure chart of   single SP traces processing of   1D/2D/3D VSP data

ȜȰȶȰȵɁȳɊ ȭȹȶȸ ȹȯȸȹȴ ȵȹȷȺȹȸȰȸȽɆ ȯȶɊ ȯȫȸȸɆɀ 1C/3C ȭ ȺȹȵȹȷȺȹȸȰȸȽȸȹȷ ȻȰȱȳȷȰ. 

ȜȶȰȯȾɉɄȫɊ ȳȽȰȻȫɁȳɊ.

Single component waves selection for 1C/3C data in component by component mode. 

Next iteration.

Start of  cycle by number

of  selected waves types

End of  cycle by number

of  selected waves types

Traces moving 

to the vertical

Preliminary

selection

in FK domain

Extra

selection by

POLYCOR algorithm

Return of traces

from vertical

to initial times

Initial 1C 

residuals 

Selected 1C 

waves and

residuals 

Selected 1C 

waves on previous

iteration

Selected wave

addition to

residualwavefield

Selected wave

frequency noise

edition

Selected wave

subtraction

from initial wavefield

Residuals

frequency noise

edition



ȚȻȳȸɁȳȺɆ ȷȰȽȹȯȫ ȺȻȹȰȵȽȳȻȹȭȫȸȳɊ ȸȫ ȹȬȶȫȼȽȳ ȯȹȺȾȼȽȳȷɆɀ ȺȫȻȫȷȰȽȻȹȭ ȺȻȳ 

ȼȰȶȰȵɁȳȳ ȭȹȶȸ

Principles of  projection on valid parameter domains method in wave selection

1. ȚȻȳȸɁȳȺɆȵȳȸȰȷȫȽȳɂȰȼȵȹȮȹȺȻȹȰȵȽȳȻȹȭȫȸȳɊ:

Â țȫȲȶȹȱȰȸȳȰȭȹȶȸȹȭȹȮȹȺȹȶɊȺȹ ȽȳȺȫȷ
ȭɆȯȰȶɊȰȷɆɀȭȹȶȸȸȫȹȼȸȹȭȰȷȹȯȰȶȳȼȻȰȯɆ.

Â ȍɆȭȰȯȰȸȳȰȸȫȭȰȻȽȳȵȫȶɇȭȹȶȸɆȲȫȯȫȸȸȹȮȹȽȳȺȫ
ȳȲȼȺȳȼȵȫȯȹȺȾȼȽȳȷɆɀȭȹȶȸ,ȸȫȵȹȽȹȻɆȰ
ȻȫȲȶȫȮȫȰȽȼɊȭȹȶȸȹȭȹȰȺȹȶȰ.

Â ȍɆȬȹȻȯȹȺȾȼȽȳȷɆɀȺȫȻȫȷȰȽȻȹȭȺȻȹɁȰȯȾȻ
ȼȰȶȰȵɁȳȳ(FK-ȿȳȶɇȽȻȫɁȳȳȳȭȰȼȹȭȹȴȼȰȶȰȵɁȳȳȭ
ȼȵȹȶɇȲɊɄȰȴȬȫȲȰȽȻȫȼȼ).

2. ȚȻȳȸɁȳȺɆ ȯȳȸȫȷȳɂȰȼȵȹȮȹ ȺȻȹȰȵȽȳȻȹȭȫȸȳɊ:

Â ȋȯȫȺȽȳȭȸȹȰȺȹ ȭȻȰȷȰȸȳɂȫȼȽȹȽȸȹȰ
ȻȰȯȫȵȽȳȻȹȭȫȸȳȰȼȺȰȵȽȻȹȭȽȻȫȼȼȭɆȯȰȶȰȸȸɆɀ
ȭȹȶȸȳȺȹȶɊȹȼȽȫȽȵȹȭȼɁȰȶɇɉȺȹȯȫȭȶȰȸȳɊ
ȸȰȻȰȮȾȶɊȻȸɆɀȮȫȻȷȹȸȳɂȰȼȵȳɀȺȹȷȰɀȳ
ȶȹȵȫȶɇȸȹ-ȻȰȮȾȶɊȻȸɆɀȸȳȲȵȹɂȫȼȽȹȽȸɆɀȺȹȷȰɀ.

Â ȚȻȳȷȰȸȰȸȳȰȼȮȶȫȱȳȭȫȸȳɊȫȷȺȶȳȽȾȯȭȹȬȶȫȼȽɊɀ
ȳȸȽȰȻȿȰȻȰȸɁȳȳȭɆȯȰȶɊȰȷȹȴȭȹȶȸɆȼȯȻȾȮȳȷȳ
ȻȰȮȾȶɊȻȸɆȷȳȭȹȶȸȫȷȳ.

Â ȚȹȯȫȭȶȰȸȳȰȸȰȻȰȮȾȶɊȻȸɆɀȭȹȶȸȹȭɆɀȭȼȺȶȰȼȵȹȭ
ȭȺȹȶȰȹȼȽȫȽȵȹȭ.

3. ȚȻȳȸɁȳȺɆ ȺȻȹȰȵȽȳȻȹȭȫȸȳɊ ȭ ȺȻȹɁȰȼȼȰ 
ȳȽȰȻȫɁȳȴ:

Â ȞȷȰȸɇɃȰȸȳȰȳȲȬȳȻȫȽȰȶɇȸȹȼȽȳFK-ȿȳȶɇȽȻȫ,
ȬȫȲɆȽȻȫȼȼȭȰȼȹȭȹȴȼȰȶȰȵɁȳȳȭȼȵȹȶɇȲɊɄȰȴȬȫȲȰ.

Â ȞȷȰȸɇɃȰȸȳȰȱȰȼȽȵȹȼȽȳɂȫȼȽȹȽȸȹȮȹ
ȻȰȯȫȵȽȳȻȹȭȫȸȳɊȽȻȫȼȼȭɆȯȰȶɊȰȷɆɀȭȹȶȸȳ
ȾȭȰȶȳɂȰȸȳȰȱȰȼȽȵȹȼȽȳɂȫȼȽȹȽȸȹȮȹ
ȻȰȯȫȵȽȳȻȹȭȫȸȳɊȽȻȫȼȼȺȹȶɊȹȼȽȫȽȵȹȭ.

1. Principles of kinematic projection:

Â Decomposition of wave field in selected
waves on the base of model of medium.

Â Moving to vertical of given type wave from
the list of allowable waves to which the
wavefieldis decomposed.

Â Choice of valid parameters of selection
procedures(FK-filtration and weight selection
in sliding baseof traces).

2. Principles of   dynamic projection :

Â Time adaptive frequency editing of traces
spectra of waves selected and residual field
with the purpose of suppression of irregular
harmonic noises and local-regular low-
frequencynoises.

Â Application of amplitude smoothing in the
areas of interference of selected wave with
other regular waves.

Â Suppression of irregular wave spikes in

residual field .

3. Principles of projection during iterations:

Â Decreaseof FK-filter selectivity and baseof
tracesof weight selectionin sliding base;

Â Decrease of rigidity frequency editing of
selected waves traces and increase rigidity
frequencyediting of residual field traces;



ȚȻȳȷȰȸȰȸȳȰ ɂȫȼȽȹȽȸȹȮȹ ȻȰȯȫȵȽȳȻȹȭȫȸȳɊ ȼȺȰȵȽȻȹȭ ȯȶɊ ȺȹȯȫȭȶȰȸȳɊ 
ȸȳȲȵȹɂȫȼȽȹȽȸɆɀ ȻȰȮȾȶɊȻȸɆɀ ȺȹȷȰɀȺȻȳ ȼȰȶȰȵɁȳȳ ȭȹȶȸ

Application of frequency spectra edition for low frequency regular noise 
suppression

  0
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țȰȫȶɇȸɆȰ ȯȫȸȸɆȰ ȘȍȜȚ (ȒȫȺȫȯȸȫɊ ȜȳȬȳȻɇ)

Real offset VSP  data (West Siberia)

ȍ R ȵȹȷȺȹȸȰȸȽȰȭȹȶȸȹȭȹȮȹȺȹȶɊȺȰȻȰȯ
ȼȰȶȰȵɁȳȰȴȭȹȶȸȸȫȬȶɉȯȫȰȽȼɊȳȸȽȰȸȼȳȭȸȫɊ
ȸȳȲȵȹɂȫȼȽȹȽȸȫɊȺȫȯȫɉɄȫɊS-ȭȹȶȸȫ. ȍ ȼȺȰȵȽȻȰ
ȹȽȯȰȶɇȸȹȴȽȻȫȼȼɆ(1) ȭȳȯȸȹȼȾɄȰȼȽȭȰȸȸȹȰ
ȺȻȰȹȬȶȫȯȫȸȳȰȸȳȲȵȳɀɂȫȼȽȹȽȺȹȹȽȸȹɃȰȸȳɉȵ
ȼȻȰȯȸȰȷȾȺȹȽȻȫȼȼȫȷȼȺȰȵȽȻȾ(2).

In R componentof wavefieldbeforeselectionof
waves the intensive low-frequency downgoing S-
waveis observed. In spectrum of separatetrace (1)
essential prevalence of low frequencies over

averagetracespectrum(2) is visible.

R component of  initial wave field Separate trace (1) and average (2) spectra
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ȓȼȺȹȶɇȲȹȭȫȶȹȼɇ4ȳȽȰȻȫɁȳȳȼȰȶȰȵɁȳȳȭ
ȺȹȵȹȷȺȹȸȰȸȽȸȹȷȻȰȱȳȷȰ ȼ
ȺȹȼȶȰȯȹȭȫȽȰȶɇȸɆȷȾȷȰȸɇɃȰȸȳȰȷȬȫȲɆ
ȽȻȫȼȼ25, 21, 14 ȳ9 ȳȾȷȰȸɇɃȰȸȳȰȷȾȻȹȭȸɊ
ȺȻȰȭɆɃȰȸȳɊȼȻȰȯȸȰȮȹȼȺȰȵȽȻȫȺȻȳ
ȻȰȯȫȵȽȳȻȹȭȫȸȳȳɂȫȼȽȹȽȸɆɀȺȹȷȰɀȼȺȰȵȽȻȫ
ȹȼȽȫȽȵȫȼ3ȯȹ1.2.

4 iterations of selection in component by
componentmode with step by step reduction
of trace base25, 21, 15both 9 and reduction
of exceedance level of average spectrum
with 3 up to 1.2 at editing frequency noises
of residualwavespectrumit wasapplied .
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ȻȰȯȫȵȽȳȻȹȭȫȸȳȰȷ ȺȹȷȰɀ ȭ ȼȺȰȵȽȻȫɀ

Example of iterative selection of the waves based on model with editing noises in 
spectra
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ȍȯȹȺȹȶȸȰȸȳȰȵȭɆȯȰȶȰȸȸɆȷȻȰȮȾȶɊȻȸɆȷ
ȭȹȶȸȫȷȺȹȶȾɂȰȸȹȺȹȶȰȸȰȻȰȮȾȶɊȻȸɆɀ
ȮȫȻȷȹȸȳɂȰȼȵȳɀȺȹȷȰɀ. șȽȼȾȽȼȽȭȳȰȭ
ȺȹȶȰȹȼȽȫȽȵȹȭȵȫȵȳɀ-ȶȳȬȹȲȫȷȰȽȸɆɀ
ȻȰȮȾȶɊȻȸɆɀȭȹȶȸȼȭȳȯȰȽȰȶɇȼȽȭȾȰȽȹ
ɀȹȻȹɃȰȷȵȫɂȰȼȽȭȰȼȰȶȰȵɁȳȳȭȹȶȸ.

In addition to the selected regular waves 
the field of  irregular harmonious noises 
is received. Absence in field of the 
residuals of any appreciable regular 
waves testifies to high quality of waves 
selection.
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Wavefields of   noises and residuals after waves selection




