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BBeAaenue

Introduction

CeareKlliA OCHOBHBIX THUIIOB BOAH M3 HCXOAHOIO
BOAHOBOIO IIOAA ABAAETCA OAHON M3 KAIOYEBBIX U
TPYAOEMKHX IIponeAyp npu obopaborke AanHbIx BCII
u 2D/3D BCII. IlpumeHeHme TEXHOAOIHH
ABTOMATHYECKOIN CEACKIIMU II03BOAfAET CyIIECTBEHHO
YCKOPHUTH IIPOIECC OOpPabOTKM ¥ IIOBBICHUTH €€
3¢ PeKTUBHOCTE. ITpuBoasarca IIPUMEPBI
IIPUMEHECHUA ABTOMATHUYECKOM CeAeKIU K
MOAEABHBIM M peasbHbIM AanubiM BCII u 2D/3D

BCII.

OcHOBHBIE IPUHIUIIBI, ITOAOXKEHHBIE B OCHOBY
IIPEAAATAEMOM TEXHOAOTHH CEACKIIMM:

® GasupoBaHme Ha ckopocrHou 1D  moaean
HAPAAAEABHO-CAOUCTOM AHMU3OTPOIIHOM CPEAbI U B
nepcunexruse Ha 2D /3D moaean;

H aAAHUTHUBHOCTB BBIACAAEMBIX BOAH H HepeI'yA}IpHI:IX
n peI'yAprHLIX OCTATKOB,

| I/ITepaTI/IBHOCTB HpoueAypr CCACKIIMIT C
IIOCTECIICHHBIM YTOYHECHUEM ITOAS BBIACAACMBIX BOAH.

OcHOBaHUA AAA HOPAKTHYECKOrO IPHUMEHEHUA
IIPEAAATAEMOIO METOAQ:

B XOpOIIEe COOTBETCTBHE MOAEAU AAs P 11 S BoAH
peaALHOMY BOAHOBOMY ITIOAFO;

B OTCYICTBHE BOAH-IIOMEX C OAM3KHMM K IIOA€3HBIM
BOAHAM (BocxoAsamuM oTpaskeHHbIM PP u PS BoAHaM)
KA KyIIUMICA CKOPOCTAMM;

B AOCTATOYHO HU3KHII POH HEPETYyAAPHOIO MIyMa.

FansnepnHckue yterms; - 2007

Selection of the basic types of waves from initial
wave field is one of key and time-consuming
procedures in VSP and 2D/3D VSP data processing.
Application of technology of automatic selection
allows essentially to speed up processing and to
increase its efficiency. Examples of application of
automatic selection to model and real VSP and 2D /3D
VSP data are represented.

The main principles put in a basis of developed
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 and the irregular and
regular residuals;

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

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;

® Jow enough background of irregular noise.
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OcobeHHOCTH peaAn3aIIUN TEXHOAOTUU AaBTOMATHYIECKOM

ceaekimiu AAHHBIX BCI1
Features of VSP data automatic selection technology realization

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 U residuals.
HEPETyAAPHBIX OCTATKOB.

Boanosoe moae BCII mnpeascraBazercsa

VSP
wavefield

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

Regular Itregular

DPUPDS| + |[DSUS| + |[DSUP| + ; .
residuals residuals

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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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
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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

Ceaexiuisi BOAH OAHOM KOMIOHEHTHI AAd AaHHBIX 1C/3C B HOKOMIIOHEHTHOM peKHMe.

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

> Snlo)7 " / HTOHV ._.’j"' - o - R ~ 7 >
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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

CeaeKIuA BOAH TPeX KOMIIOHEHT AAA AAHHBIX 3C B caeadlnieM pesxume.

1-aa nrepamus.
Three component waves selection for 3C data in tracking mode.
First iteration.

AL AE 40 L Jaua - 200 o = - 2 -
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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

Ceaexiuisi BOAH OAHOM KOMIOHEHTHI AAd AaHHBIX 1C/3C B HOKOMIIOHEHTHOM peKHMe.
Caeayromiasa urepamus=.

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

Next iteration.

> Snlo)7 " / HTOHV ._.’j"' - o - R ~ 7 >
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CrpykrypHas cxema o0paborku Tpacc HeckoAbkux I1B aanusix 2D /3D BCII
Structure chart of several SP traces processing of 2D /3D VSP data

e o set ) (s ) (s ) e Csm )
e EDEEED I CPRTR N ED
S D) D Cm ) e O
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CpeAcTBa HACTPOWKHM aBTOMATHYECKOM ceaekumun AaHubix 1D /2D /3D BCII
Tuning tools of 1D/2D/3D VSP data automatic selection

ITporpamma ABTOMATHYECKOM CEAEKITUH
pacroaAaraer CACAYFOILIIMM CpeACTBaMH ee
HACTPOMKM:
mKoANMYeCTBO BBIAGAAEMBIX THIIOB BOAH U WUX

IIEpEeYEHb OmpeAeAdeTcsaA moAb3oBareseM. Crmcok
THUIIOB BBIACAAEMBIX BOAH II0 HEOOXOAMMOCTH AETKO
MOZKET OBITh PACHINPEH.

m7KeCTKOCTh CEAEKIIMH OIPEACAAETCA IIapaMeTPaMM
BecoBou xapakrepuctuku FK-duabtpa m pasmepom
CKOAB3AINENW 0a3bl, HPHUMEHAEMOII B AATOPUTME

ITOAHKOP.
mKoAndecTBo uTepanuii BEBIACACHUA BOAH 3aAA€TCA.

B AAsL TOrO YTOOBI B IPOIECCE UTEPAITNIL MOYKHO OBIAO
U3MEHUTH HAPAMETPhI CEACKIIMU BOAH, KaK IIPABHUAO,
0CAAOUTH €€ J>KECTKOCTh AAfA TOIO, YTOOBI YyYECThb
HIOAHCBI TE€OMETPUH OTPA’KAIOIIEl TIPaHHUIbBI, 4
TAKOKEe, BO3MOYKHO, IIOAKOPPEKTUPOBATH MOAEAB,
IIPEAYCMOTPEH PEXKUM IIPOAOAKEHHA HUTEPAIAUA
CEAEKIINH.

BAASL KOPPEKTHOTO BBEIUUTAHUA BBIACAAEMBIX BOAH B
00AACTAX UX HHTIEPPEPEHIUN C PEryAAPHBIMU
BOAHAMH IPUMEHAECTCA CrAAKHMBAHUE AMITAUTYA
BBIAE€ASIEMBIX BOAH B asaropurme IIOAMTKOP.

mHomep mBagyaspHOro u xoneuHoro IIB mpwm
o6paborke Aarabx 2D /3D BCII 3apaercs.

sKpureprem OKOHUAHMA IIPOIECCA CEACKIINM BOAH
3 BOAHOBOTO IIOAf, 4 TAKJ)KE OIICHKOW KaJecTBa
CEACKIINN SABAAETCA OTCYICTBHE B IIOA€ OCTATKOB
PETYAAPHBIX BOAH TOTO K€ THIIA, YTO U BBIACASEMBIE

BOAHBI.

FansnepuHckne ynerns; - 2007

The automatic selection program has next
tuning tools:

mUser set list and amount of selected waves types.
The list of selected waves types necessarily can be
easily expanded.

mInflexibility of selection is determined by
parameters of FK-filter weight characteristic and
the size of the sliding base used in algorithm
POLYCOR.

mNumber of waves selection iterations is set.

mThe selection iterations continuation mode was
made to change wave selection parameters during
iteration process as rule to decrease its inflexibility
to give proper reflected boundary geometry and
also perhaps to correct the model.

m The amplitude smoothing of selected waves in
algorithm POLYCOR is applied for more exact
subtraction of selected waves in domains of its
interference with other regular waves.

mStart and final SP number in 2D/3D VSP data
processing is set.

m Absence of the regular waves of the same type as
selected waves in the residual wavefield setves as a
criterion for wave selection process finishing and
also as selection quality estimation.
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DKCHEPUMEHTAABHBIE PE3YABTATHI
Computing results

Moaeabubie Aaaabie HBCIT

Offset VSP model data

Aasi mopaeampoBaHua BoAHOBoro moas HBCII
HCIIOAB30BAAUCh PEaAbHBIE AAHHBIE OAHOIO U3
parionoB IloBoaxbsa ¢ yaaseHuem IIB 2000 m m
HCKPUBACHHEM CTBOAA CKBA>KHHBI A0 450 M. ITo HUM
ObIAa IIOAOOpaHA CKOPOCTHAsA MOAEAb AAd P m S
BOAH.

SP location and well deviation

Depth, m

FansnepuHckne Ynenns - 2007

Real data of one region from Volga area is
used for modeling of offset VSP wavefiled
with SP offset 2000m and well deviation up to
450m. The P and S wave velocity model was
matched by these data.

P and S wave velocity model

250,0 IIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIII THE

IIIIII | RAAARAR Il III
FEFETIEELR L

ununnnnunumnnunnnnnnmmni

500,08
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Ilo AaHHOII MOA€AM IIO HpPOrpaMme
KOHEYHO-Pa3HOCTHOro 2D MoAeampoBanmua u3
IIaKeTa IIPOrpamMm UNIVERS OBIAO
paccuntanbl XZ KOMIIOHEHTBI MOAEABHOIO
BoAHOBOro noaa HBCII. B BoaHoBoM 1moae
XOPOIIO BUAHBI BCE THUIIBI BOAH, BBIACASIEMEBIE
OPOrpPaMMOM aBTOMATUYECKOU CEAEKIINN.

Real wavefield. Z component

Time, ms

300 400 BOO 1000 1200
e e o e N v e

1030
1090
1140
1200
1250
1310
1370
1430
1490
1540
1600
1650
1710
1770
1830
1890
1940
2000
20580
2110
2160
2220
2280
2340
2400
2450
2510
HCABE Downhole: 2

Depth, m

FansnepuHckne Ynerms 2007

XZ components of offset VSP model wave
field were computed based on obtained
model applying final-difference 2D modeling
program of UNIVERS processing system.
All wave types selected with automatic
selection program we can well see in the
model wavefiled.

Model wavefield. Z component

Time, ms
1000 1200

300
360
410
470
520
580
640
630
750
800
860
910
970
1020
1080
1140
1190
1250
1300
1360
1410
1470
1520
1580
1640
1690
1750
1800
1860
1910
1970
2020
2080
2140
2190
2250
2300
2360
2410
2470

Depth, m

HCAB Downhole: 2
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Time, ms Time, ms

1000

g ..

g Initial _i" DP wave

& Sl & selected

A ]

£ DPDS wave i DPUP wave
g selected 2 selected
o )

é’ A

HCAB Downhole: 2
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Time, ms Time, ms

400

i, Initial i

*a_( wavefield a DPUS wave
a a2 selected

g g

:‘:: DPUPDP wave ,—Eﬁ DS wave

& selected ) selected

A A

Downhole: 2
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Time, ms

g . g
g Initial g DPUPDS wave
g wavefield 5 selected
Time, ms
=
DSUS wave i DSUP wave
selected 8 selected

1970
2020

AT

HCAB  Downhole: 2 HCAB Downhole: 2
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Model wavefield. Z component Residual waves after selection

Time, ms Time, ms

300 400

300 400 ] 1200
_ —  @@@@— @@ o o =

Depth, m

2020
2080
2140
2190
2250
2360
2410
2470
HCAE Downhole: 2

HCAB Downhole: 2
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Peaabpnble Aanablie Walkaway

Walkaway real data

IlpumeHeHne aABTOMATHYECKON CEAEKIIUM K
peaabHbIM AaHHBIM 2D BCII nokxaspiBaerca Ha
npumepe AaHHbIX Walkaway Kwnras. HaGaroaeHmua
ObIA THPOM3BEACHBI B CKBAXKHMHE B HHTEPBaAE
rayoun 1200-2020m c¢ marom 20m. CkopocrtHasa
MoA€eAb AAd P u S BoAH ObIAa MOAyUYEHA IO AAHHBIM
BCII B s10oi1 >Ke ckBakuHe. YAaseHua IIB aAas
AeMoHcTpHupyemoro pparmenra 525, 575 u 600 m.

P and S wave velocity model

Depth, m

FansnepuHckne Ynerms) 2007

SP number

Application of automatic selection to the real 2D
VSP data is shown on example of Walkaway
China data. Observations were made in well in
depth range 1200-2020m with step 20m. The
velocity model for P and S waves was obtained by
VSP data in the same well. The SP offsets for shown
fragment are 525, 575 and 600 m.

Real Walkaway data. P component
Time, ms

| 500 GO0 1200 1500

HHGL Downhole: P
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Time, ms

500 600 1000

=

(]

E

z Initial

e wavefield
(/5]

MHGL Dounhole; P
1200

Sl

(]
)

g DPDS wave
= |
o selected
wn

HHGL Downhole: P
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Time, ms

500 600 1000 1200

=

(F]

e}

&

2 DP wave

= selected

HHGL Dounhole; P

Sl

(]

e}

g DPUP wave

g 1 d
selecte

A

wn

HHGL Downhole: P
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Time, ms Time, ms

500 600 1000 500 600 1000 1200

3 2

§ Initial g DPUS wave

e wavefield e selected

(/5] wn

3 3

£ £

§ DPUPDP wave § DPUPDS wave
S selected . o

HHGL Downhole: P HHGL Downhole: P

FanbnepmHckue vnerns) ~2007 Galperin readings; - 2007




Real Walkaway data. P component Residual waves after selection

Time, ms Time, ms

a0 111 () 000 1500
- — @ @ oo @ @ oo @ @ oo O 0/

a00 600

SP number
SP number

HHGL Dounhole: P

HHGL Downhole; P
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BriBOABI
Conclusions

m  JIpumenenwue ABTOMATHUYECKOU
ceaekimu K AaHHbiM BCII u 2D/3D
BCII cymecTrBeHHO YCKOpPsET IIPOIIecC
OOpabOTKM U IIO3BOAAET HAAEKHO
BBIACAATH OCHOBHBIE€ THIIBI BOAH U3
BOAHOBOT'O IIOAA IIPU YCAOBUM XOPOIIETO
COOTBETCTBUA MOAEAM CPEABI PE€AABHBIM
CEICMUYIECKUM AAHHBIM.

= B IIEPCIIEKTUBE BO3MO>KHO
O0asupoBaHUE AAHHOU TEXHOAOTUHN
CeAeKIIMMU Ha 0oaee caoxHBIX 2D /3D
MOAEAAX PEAABHBIX CPEA.

u (03507 (e0) 3 BBIACAAEMBIX BOAH MOZKET

BAPBUPOBATHECA  KAK B  CTOPOHY
yBEAMUEHUsA, TaK ©W B  CTOPOHY
YMEHBIIEHUA WX  YHCAQ. MoryT

BBOAUTBCA AOIIOAHUMTCABHO HOBBIC THIIBI
BBIACAACMBIX BOAH.

m TexHoAoru:a ABTOMATHYECKON
CEACKIIMH HOpHU O00pPabOTKE AAHHBIX
2D/3D BCII Aerko MO>KeT OBbITh
pacHmapasA€A€HA IO CeHCMOrpamMMaM
OIIB.

FanbnepuHekune yrerns - 20017

= Application of automatic selection to
VSP and 2D/3D VSP data essentially
accelerates of processing and reliably
allows to select the basic types of waves
from a wave field under condition of
good conformity of medium model to
the real seismic data.

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

" The list of selected waves can vary
both towards increases, and towards
reduction of their number. In addition
new types of selected waves can be
entered.

" Technology of automatic selection in
2D/3D VSP data processing can be
easy paralleled by common SP
seismograms.
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