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BBeAaenue
Introduction

AddexrnBHOCTE 00paboTkm AaHHBIX BCII n
HA3E€MHOI CEMICMOPAa3BEAKH BO MHOI'OM OIIPEACAAECTCA
KA4e€CTBOM CEAECKIIMH M3 BOAHOBOIO IIOAS OCHOBHBIX
peryaapHbix BOAH. OAHOI ©M3 TAaBHBIX IIPoOAeM
CEAEKIINH BOAH, ABAAECTCA 3 (PEeKTUBHOE IIOAABACHHE
B BOAHOBOM IIOA€ PEryAAPHBIX M HEPEIryAAPHBIX
IIOMEX, HAOAIOAAEMBIX BO BPEMEHHOMW, YACTOTHON M
FK o0aactn, npu MHHUMAaABHOM HCKa>KE€HHUU
MOA€3HBIX OTPA’KEHHBIX BOAH.

OcHOBHBIE IIPUHIMIEI, ITOAO’KEHHBIE B OCHOBY
TexHoAoruu ceaekumu AaHHabrx 1D-3D BCII:

m GasumpoBaHme Ha ckKopoctHOou 1D  MoaeAmn
HAPAAAEABHO-CAOMCTOM AHM3OTPOIIHOM CPEABI U B
nepcuexruse Ha 2D /3D moaean;

B AAAHUTHUBHOCTH BBIACAACMBIX BOAH, HeperyAﬂprlx nu
peryAﬂprIx ITIOMEX 1 BOAHOBOTO ITOAA OCTATKOB,

| I/ITepaTI/IBHOCTB HpoueAypr CCACKITMIT C
IIOCTEIICHHBIM YTOYHECHUEM I10AA BBIACAJEMBIX BOAH.

| HPI/IMCHCHI/IC METOAQA
AMHAMHNYCCKOI'O HPOCKTI/IPOBaHI/I}I B
AOITy CTUMBIX nap aMe'I'POB.

KHHEMATHYECKOTO u
o0AacTi

OCHOBBI  AAT  IIPAKTHUYECKOIO
IIPEAAATAEMOI0 METOAA:

HPI/IMeHeHI/I}I

E  XOpoIIee COOTBETCTBHE MOAEAU AAsL P 11 S BoAH
peaAbHOMY BOAHOBOMY IIOAFO;

B OTCyICTBHE BOAH-IIOMEX C OAM3KHMM K IIOA€3HBIM
BOAHAM (BocxoAAmmM oTpaskeHHBIM PP 1 PS BoAaHaM)
KA KyIIUMICHA CKOPOCTAMM;

B AOCTATOYHO HU3KUII POH HEPETYAAPHOIO MIyMa.

FanbnepuHekue vrerms; ~2009

Efficiency of VSP and CDP seismic data
processing in many respects is determined by quality
of selection from wave field of the basic regular waves.
One of the main problems of wave selection is
effective suppression in wave field of the regular and
irregular noises observed in time, frequency and FK
domains at the minimal distortion of the useful
reflected waves.

The main principles put in basis of 1D-3D VSP
data selection technology:

m basing on 1D velocity models of the parallel -

layered anisotropic medium and in the future on
2D /3D model;

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

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

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

The bases for practical application of developed
method:

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

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

= low enough level of irregular noise.
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Pa3Ao0>keHIIE BOAHOBOTIO IIOAA B TEXHOAOTHMU ABTOMATHYECKOU

ceaekimnu AaHHbBIX BCI1
Decomposition of wavefield in VSP data automatic selection technology

VSP wavefield is represented as the sum
of the basic types of waves: DP, DPDS,

KaK CyMMa OCHOBHBIX THIIOB BoAH: DP, DPUP. DPUS. DPUPDP. DS. DPUPDS
DPDS, DPUP, DPUS, DPUPDP, DSs, DSUS: DSUP’ and regul,ar at’ld irregula;

DPUPDS, DSUS, DSUP u peryaapHbIX H noises.

HEPETyAAPHBIX IIOMEX.

Boanosoe moae BCII mnpeascraBazercsa

VSP
wavefield

DP |+ |DPDS| + |DPUP| + |DPUS| + |[DPUPDP|+ | DS | +

Regular Itregular

DPUPDS | + |DSUS| + |DSUP| + : .
noises noises

Where DP - direct P wave, DPDS — downgoing converted PS wave, DPUP — reflected
monotype PP wave, DPUS - reflected converted PS wave, DPUPDP - multiple downgoing P
wave, reflected from ground surface, DS - direct S wave, DPUPDS -downgoing converted S
wave, formed as result of reflection from ground surface of PP wave, DSUS — reflected
monotype SS wave, DSUP — reflected converted SP wave.
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IIpeAacTaBA€HIIE IOAEHT TIOMEX B TEXHOAOTHUU CEAECKITNH
AaHHBIX BCII1

Representation of noise fields in VSP data selection technology

-+-
-+-
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CeAeKImsa MOKET BBIIIOAHATHCA AAd 1C u
3C celicMHYECKHX AAHHBIX, HIPUYEM AAA
AAHHBIX 3C IIPEAYCMOTPEHA KaK
IIOKOMIIOHEHTHA:A HMX 00paboTka, TaK M HX
CEAEKIIMA IIOCA€ IIpeo0pa3oBaHHA  TpPeEX
KOMIIOHEHT BXOAHBIX AAHHBIX B  OAHY
CACAAINIYIO  KOMIOHEHTYy  AAd  KaXKAOrO
BBIA€AAEMOrO THIIa BOAHBI. IIpeoOpasoBanme
B CACAMAIIYI0 KOMIIOHEHTY OCHOBBIBA€TCA HA
OIICHKAX MOAAPU3AIMNHU II0 3AAAHHOU MOAEAU
CPEABI AAL KA’KAOTO THUIIA BOAHBIL.

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 each wave type .

——— 1C
AutoSel

1C selected waves
and residuals

Component by component
3C AutoSel

3C selected waves

and residuals

@<

Tracking component
3C AutoSel

S~
g

FansnepuHekne yreHmns; 2009

Galperin readings; - 2009



CrpykrypHas cxema o6paborku Tpacc opuoro IIB aanusix 1D /2D /3D BCII
Structure chart of single SP traces processing of 1D/2D/3D VSP data

Ceaexiusi BOAH OAHOM KOMIOHEHTHI AL AaHHBIX 1C/3C B HIOKOMIIOHEHTHOM peKUMe.

1-aa nrepanus.
Single component waves selection for 1C/3C data in component by component mode.
First iteration.

I/
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CrpykrypHas cxema o6paborku Tpacc opuoro IIB aanusix 1D /2D /3D BCII
Structure chart of single SP traces processing of 1D/2D/3D VSP data

Ceaekiusa BOAH OAHOUM KOMIOHEHTHI AAsL AaHHBIX 1C/3C B HOKOMIIOHEHTHOM pe>KHMe.

Caeayromias urepanus=.
Single component waves selection for 1C/3C data in component by component mode.
Next iteration.
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I IpyrHITMIIBEI METOAA IIPOEKTUPOBAHMUA HA 00AACTH AOIIyCTHUMBIX ITIAPAMETPOB IIPHU

CEAEKIINH BOAH
Principles of projection on valid parameter domains method in wave selection

. HPI/IHI_II/IHBI KHTHCMATHUYCCKOI'O HPOCKTI/IPOBaHI/Iﬂ:

Pa3rooxeHre  BOAHOBOIO IIOAA IO
BBIACAAEMBIX BOAH Ha OCHOBE MOAEAU CPEABI.

THUITIAM

BBIBCACHI/IC HA BEPTUKAAb BOAHBI 3AAAHHOI'O THUIIA
n3 CIHCKa AOIIyCTUMBIX BOAH, HAa KOTOPHBIE
Pa3Aara€Tca BOAHOBOE IIOA€.

BriObop AOOyCTHMMBIX MHApPaAMETPOB HPOIIEAYP
ceaexnum (FK-duapTpanum 1 BeCOBOM CEAEKIINN B
CKOAB3AINEN 0a3e Tpacc).

2, HPI/IHIII/IHBI AUHAMHYECKOTO IIPOCKTHUPOBAHN .

AAATITUBHOE 110 BPEMEHH YaCTOTHOE
PEAAKTHPOBAHNE CHEKTPOB TPACC BBIACACHHBIX
BOAH M IIOAA OCTATKOB C II€ABIO IIOAABACHUA
HEPEryAApPHBIX rapMOHIYECKIX IoMex n
AOKAABHO-PETyAAPHBIX HU3KOYACTOTHBIX IIOMEX.

ITpumeHeHne Craa’kKMBaHUA AMIIAUTYA B O0AACTAX
MHTEP(PEPEHIINN BBIACAAEMON BOAHBI C APYIHEMH
PEryAApHBIMHA BOAHAMU.

ITopaBAeHIE HEPETYAAPHBIX BOAHOBBIX BCIIA€CKOB
B IIOA€ OCTATKOB.

. IIpuHOUOEI HPOCKTUPOBAHUA B IIPpOIIecce
UTEPAIIUIN:

YMmensmieHue mu3douparespbHoctn  FK-uastpa,
0a3BI TPACC BECOBOI CEACKIINH B CKOAB3AIIEN Oase.

YMmeHbIIeHIE SKECTKOCTU YACTOTHOTO
PEAAKTHUPOBAHUA TPACC BBIACAAEMBIX BOAH U
yBEAMUECHHE SKECTKOCTU YACTOTHOIO

PEAAKTHPOBAHUA TPACC ITIOAA OCTATKOB.

FansnepuHekne yreHmns; 2009

1. Principles of kinematic projection:

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

| Moving to vertical of given type wave from
the list of allowable waves to which the
wavefield is decomposed.

| Choice of valid parameters of selection

procedures (FK-filtration and weight selection
in sliding base of traces).

2. Principles of dynamic projection :

n 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-
frequency noises.

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

| Supptession of irregular wave
residual field .

3. Principles of projection during iterations:

spikes in

n Decrease of FK-filter selectivity and base of
traces of weight selection in sliding base;
| Decrease of rigidity frequency editing of

selected waves traces and increase rigidity
frequency editing of residual field traces;
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ITpuMeHeHNE YaCTOTHOTO PEAAKTUPOBAHUA CHEKTPOB AAS ITIOAABACHUA
HU3KOYACTOTHBIX PETYAAPHBIX IOMEX IIPU CEAECKIIMY BOAH
Application of frequency spectra edition for low frequency regular noise
suppression

Peaasnbie Aanabsre HBCII (3ammapgnas Cubups)
Real offset VSP data (West Siberia)

B R KoOMIIOHEHTE BOAHOBOIO IIOAS IIEPEA

CEAEKIIME BOAH HADAIOAA€TCA  HMHTEHCHBHAA
HU3KOYACTOTHAA IaAafomas S-oaHa. B cmexrpe
oTaeapHOIT Tpaccel (1) BmAHO cCymecTrBeHHOE

npeobAaszaHNE HHU3KHUX YACTOT IO OTHOIIIEHUIO K
CpEeAHEMY IIO Tpaccam cHekTpy (2).

R component of initial wave field
Time, ms

1000 1200 1400 1600

Depth, m

2500
HCAB  Downhole: R

FansnepuHekne yreHmns; 2009

In R component of wavefield before selection of
waves the intensive low-frequency downgoing S-
wave is observed. In spectrum of separate trace (1)
essential prevalence of low frequencies over

average trace spectrum (2) is visible.

Separate trace (1) and average (2) spectra

Frequency,Hz
50
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Time, ms

800 1000 1200 1400 1600 1800

2000

Time, ms

800 1000 1200 1400 1600

1800

UP wave
Initial selected
wave field i without
R comp % spectra
= edition
2500
HCAB Downhole
Time, ms
1000 1200 1400 1600 1800 2400 1200 1400 1600 1800
UP wave UP wave
. sele.cted selected
& with Fi“ with
=)
& spectra 2. spectra
1 1 Q . .
A edition a edition
st
.after .1 after an
1teration iteration
R = i 2500
HCAB  Downhole: R HCAB  Downhele: R
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Time, ms Time, ms

2000 2300 1400 1600 1800 2000 2300

US wave
Initial selected
jﬁ wave field i without
% R comp 2 spectra
a ] edition
WS Domimto: 18
o awe  ow a0 o 1m0 o o
US wave US wave
selected selected
i, with g with
& spectra —i spectra
/A edition 5’ edition
after 15 after 2nd
iteration iteration

2500
HCAB  Downhole: R

2500
HCAB  Downhele: R
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ITpumep urepaTuBHON CEAEKIINU BOAH, OCHOBAHHOM HA MOAEAH, C
€AAKTUPOBAHUEM IIOMEX B CIIEKTPAX
Example of iterative selection of the waves based on model with editing noises in

spectra

Hcrioap30BaA0Ch 4 uTepaniiy CEAEKITUH B
IIOKOMIIOHEHTHOM pe’xume [
IIOCAEAOBATEABHBIM  yMEHBIICHHEM  0a3bl
Tpacc 25, 21, 14 u 9 u ymeHpHIeHHNEM ypOBHA
IIPEBBIIICHIA CpeAHero COEKIpa  IpH
PEAAKTHUPOBAHUM YACTOTHBIX IIOMEX CHEKTPa
ocrarka c 3 Ao 1.2.

Time, ms

800 1000 1200 1400 0 1800 2000

1000
1060 Z

100 Initial
1240 =\ z

1300

1360 — ; - # wave field

1420

1480 = ' Xy e
1540 P Comp
1600 =

1660

1720

1780

1840

1900

1960

2020

2080

2140

2200

2260

2320

2380

2440

2500

HCAB  Downhole:

Depth, m
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4 iterations of selection in component by
component mode with step by step reduction
of trace base 25, 21, 15 both 9 and reduction
of exceedance level of average spectrum
with 3 up to 1.2 at editing frequency noises
of residual wave spectrum it was applied .

Time, ms

500 800 1000 1200 1400 18 2000
- —  — — — — — — . —

1000 =
1060 ==
1120
1180 DP+DS
1240 =
1300 3 =
1360 = waves
1420
1480
1540 selected
1600 =
1660 =
1720
1780
1840
1900
1960
2020
2080
2140
2200
2260
2320
2380
2440
2500
HCAB  Dounhole: P

Depth, m
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Depth, m

Time, ms

800 1000 1200 1400 1600 1800

Initial
wave field
R comp

800 1000 1200 1400 1600 1800 2400

Initial wave
field Z comp
after DP and

DS waves
subtraction

I anbneancne yrenns; 2009

Time, ms

1200 1400 1600

g DS1+DS2
& waves
& selected
A
DPUP
8, wave
'g selected
A from Z
comp
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800

Depth, m

2500
HCAB  Downhole:

Depth, m

Downhole: XYZ

FanbnepyHeKne YreHns

Time, ms

1000 1200 1400 1600 1800 2000 2400

Initial wave
field Y comp
after DP and

DS waves
subtraction

1000 1200 1400 1600 2400

Initial wave
field Z comp
after DP and

DS waves
subtraction

Time, ms

g0 1000 1200 1400 1600 1800 2000

DPUS
wave
selected
fromY
comp

Depth, m

2500
HCAB  Downheole; XYZ

1600 1800 20

DPDS
wave
selected
from Z
comp

Depth, m

2500
HCAB  Downheole; XYZ
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Time, ms Time, ms

1200 1400 1600 2400

Initial wave DPUPDP
s field Z comp g wave
) after DP and selected
d%( DS waves §~ from Z
subtraction A comp
DPUPDS S
g e g wave
e selected g .
% from 2 § from Z
A comp Y.

2500
HCAB  Downhole: XYZ

FansnepyHekue yreHmns; 2009 Galperin readings; - 2009

2500
HCAB  Downhele: 2




BoAHOBBIE ITOASI TIOMEX M OCTATKOB ITOCAE CEACKITMU BOAH
Wavefields of noises and residuals after waves selection

B AomoAHEHME K BBIACACHHBIM PETyAAPHBIM In addition to the selected regular waves
BOAHAM ITOAYYC€HO IIOA€ HEPETyAAPHBIX the field of irregular harmonious noises
rapMoHNYeCKuX momex. OrcyrcrBue B is received. Absence in field of the

IIOA€ OCTATKOB KAKHX-AM0O 3aMeTHBIX
PEIrYASIPHBIX BOAH CBHACTCABCTBYET O
XOopomeM Ka4ueCTBE CEACKIINUN BOAH.

residuals of any appreciable regular
waves testifies to high quality of waves

St ) Y selection.
clecte armonic and fow Residual wave field. Z component
frequency noises
Time, ms Time, ms

800 1000 1200 1400 1600 1800 2000 2400

T

800 1000 1200 1400 1600 1800 2000 2400

Depth, m
Depth, m

2200
2260
2320
2380
2440
2500

HCAB  Dounhole: XYZ
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BriBOABI
Conclusions

B TexHoAOrma ceAeKIMM BOAH IIpU 00OpaborTke
Aaaabrx  BCII, ocHOBaHHAaA HAa MOAEAHU CPEABI U
METOAE IIPOEKTHPOBAHMA HAa 00AACTH AOILyCTHMBIX
apamMeTpoOB, IIO3BOAAET C BBICOKOM
3(pPEKTUBHOCTEI0O U AETAABHOCTBIO  BBIACAATH
IIOA€3HBIE PEryAsipHBIE BOAHBI, 00AaAa€T BBICOKOM
TEXHOAOTUYHOCTBIO IIPpH 00paboTKe  OOABIIHIX

00BbeMoB AaHHBIX 2D-3D BCII.

B B nepcriekTmBe BO3MO>XKHO 0a3UpOBaHIE AAHHOM
TEXHOAOTMHM CEAEKIIMHU Ha 0oaee caoskHbBIX 2D /3D
MOAEAAX PEAABHBIX CPEA.

B B comcok BBIA€AAEMBIX BOAH MOTYT BBOAUTHCA
AOIIOAHHUTEABHO HOBBIE THIIHI BHIACASIEMBIX BOAH.

= Tloaxoa, npu KOTOPOM IIOAABACHIE
HEPEryAapHbBIX TAPMOHHMYECKIX IIOMeEX
OCyIIIECTBAAECTCA B IPOIIECCE CEACKIUH BOAH,

0CAADASIET BAWSIHIE IIOMEX HA PESYABTAT CEACKITNHN U
ITIOBBIIMIACT HAACKHOCTDS BBIACACHI A BOAH.

B [JIpumeHeHme MeTOAQ IIPOEKTHPOBAHHUA B
00AaCTH AOIIyCTHMBIX IIAPAMETPOB B YAaCTOTHOM
00AACTH IIPHU CEACKIIMH BOAH IIO3BOAAET BBIIIOAHATH
CEACKIINIO B IIMPOKON IIOAOCE YACTOT BOOOIHE 0€3
YACTOTHOW (PUABTPAIINM TPACC, TAK KaK, IO CYTH,
AAHHAA IpoIeAypa ABASAETCH AAATITUBHBIM
YACTOTHBIM PUABTPOM.

m [IponeAypa ceAeKIME BOAH C IIPUMEHEHUEM
IIPOEKTUPOBAHUA B obAacTi AOILy CTUMBIX
MAPAMETPOB TAK)KE OKa3bIBA€TCA 3PEPEKTUBHOU U
IpHU 00Pa0OTKE AAHHBIX HA3€EMHOM CEMCMOPA3BEAKH.

FamsnepuHekue yrerns; 2009

® Technology of wave selection in VSP data
processing based on model of media and method
of projection on valid parameter domains allows
with high efficiency and detail to select useful
regular waves, has high processability in processing
the large volumes of 2D /3D VSP data.

"= In prospects probably basing of the given
selection technology on more complex 2D/3D
models of real media.

" In addition new types of selected waves can be
entered into the list of selected waves.

= The approach in which suppression of irregular
harmonious noises is carried out during selection
of waves weakens influence of noises on result of
selection and raises reliability of waves selection.

= Application of method of projection in wvalid
patameter domains in frequency domain in waves
selection allows to carry out selection in wide range
of frequencies in general without frequency
filtrations of traces as, as a matter of fact, the given
procedure is the adaptive frequency filter.

" Procedure of waves selection with application of
projection in valid parameter domains also appeats
effective and in data processing ground seismic
exploration.
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