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Summary

Two applications of combined surface and downhole acquisition geometries are described. They are
called “2D+VSP” and “3D+VSP”. The advantages are based on the use of downhole arrival times and
signatures to improve surface seismic data. The case stories approve the proclaimed features of proposed
technology.

AHHOTAUA

PaccMoTpeHa TEXHONOTHS COBMEIIEHHBIX HA3€MHO-CKBOKMHHBIX CEHCMHYECKUX HAONIONCHUN B
Bapuantax «2D+BCII» u «3D+BCIl». IlpenMymiecTBO 3TOM TEXHOJOTHH OCHOBAHO Ha HWCIIONH30BAHUH
rojgorpa)oB MEpBBIX BCTYIUICHUH W (POPMBI MMITYJIBCOB TIIYyOMHHOTO INpHOOpa JUisi KOPPEKIUU 3amucei
Ha3eMHBIX CelcMONpueMHHUKOB. [IpuBeneHHBIE NpUMEPHl TPUMEHEHHS TEXHOJOTHU TOATBEPKIAIOT
MIPENMYIIIECTBA MCIIOIb30BaHUS TAKMX HAOIIOACHNH.

BBeaenne

OCHOBHBIMH Te0()HU3NIECKUMH METOJIAMH, WUCTIONB3YEMBIMH MPH MOUCKAX, pa3Bellke U MOHUTOPUHTE
HEe(TAHBIX W Ta30BBIX MECTOPOXKICHUH, SBISAIOTCS Teodusmdeckue wuccienaoBanus ckpaxuH ([TUC),
ceiicmopasBenka Ha ioBepxHocTd (2D u 3D) u B ckBaxunax (BCII, HBCII).

Metoner [TMIC o6mamaioT BBICOKOH pa3pemrammell CIIOCOOHOCTRIO 1O TIIyOMHE, OIHAKO H3ydYaroT
camylo Ommwkadimyro oOysacTh OKoso CckBaxuHBL. CelicMopasBeka Ha TOBEPXHOCTH 00nagaeT
BO3MOXXHOCTBIO ~ TIONMYUYEHHs] CBS3HOTO HW300pakeHWs OONbIIMX OOBEKTOB, HO HEJOCTATOYHON
Pa3pemeHHOCThI0 U TOYHOCTHIO ISl pelIeHus 3a1aq Beicokoi neranpHocTd. BCII obecrieunBaet OObIIyto
JETAIBHOCTh U3Y4YEHUSI OKOJIOCKBAKUHHOTO IIPOCTPAHCTBA I10 CPABHEHUIO ¢ HA3EMHOM CEHCMOpa3BEAKOM, HO
B OTPAaHMYCHHOM JIMANa30He YAAICHHI OT CKBOKUHBI.

[Ipu skcruryaTanmoHHOM OypeHMHM Ha He(Th M ra3 4acTo BO3HHMKAaeT MOTPEOHOCTH JETaIbHOTO
M3YYCHHUs MPOJAYKTHBHBIX IUIACTOB Ha PACCTOSHHUSAX M0 1.5 — 2 KM OT CKBaKHMHBI, HE JOCTHUTAEMBIX JIs
uccinenopannii MmerogoM BCIIL. Hannuve riry0oko# CKBaXKMHBI MOKET CYIIECTBEHHO MOBBICUTH TOYHOCTH U
JeTanbHOCTh ucciaenaoBanuid 2D- unmm 3D-cefiMopasBeAKH B OKPECTHOCTSIX STOM CKBaXKUHBI, €CIU
WCIIONB30BaTh OJHOBPEMEHHBIE HAONMIOACHWS Ha TOBEPXHOCTH M B CKBaXHHE, TO €CTh COBMECTUTH
MpeuMyIecTBa ceiicMopasBenku Ha moBepxHoctd u BCII. Meroanka COBMEUICHHBIX HAOMIONCHUH, MPHU
KOTOpO#l BO30YyXneHHs Ha moBepxHocTH Ha mpoduie 2D (uwmm cerke 3D) perucrpupyrotes 3oaa0M BCII,
pacIoJIOKCHHBIM BOJNIM3M 320051 TiIyOOKoM ckBakwHBI, Ha3BaHa ‘‘JlokampHbIA mpoekt 2D+BCII”
(“Jloxanpueiii mpoekT 3D+BCII” coorBercTBeHHO). Ilo cyTH, mpeanaraemas TexHoIOTHua Oasupyercs Ha
TPEXMEPHBIX CHCTEMaX HAOIIOICHHUS.

Onucanue MeToaa
PaccmarpuBaeTcs MeToquka HAONIOAEHWH MHOTOTOYEYHBIM TPEXKOMIIOHEHTHBIM 30HAOM BCII

BOJIM3M 32005 I1yOOKON CKBa)KMHBI JUISI OLICHKM HEOIHOPOIHOCTEH BEpPXHEH YacTH pa3pe3a U KOMIIEHCALUU
pasauuuii opMBI UMITYJIbCa BO30YKAECHUS B celicMOTpaMMax Ha3eMHBIX IPHEMHUKOB [4].



Ha pucynke 1 nmpuBeneHa ynpolieHHas cxeMa CHCTeMbl HaOIIoIeHUH 1 Xo/a Jiydell B ceueHuu 2D ams
YCIIOBHOHM ABYKPATHON CUCTEMBI HAOIOICHIIA.
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Puc. 1 Cxema npoBeaeHmsI MOJAEBLIX paboT mo Meroauke «2D+BCID»

Kaxnoe Bo30Oyxknenue Ha mnpodune 2D (umm cerke 3D) peructpupyercs MHOTOTOYCYHBIM
TPEXKOMIIOHEHTHBIM 30HJIOM, PAaCIIOJIIOKEHHBIM BOJM3HM 3300 TIIyOOKOH CKBaKWHBI, C INAaroM MEXIY
NpueMHUKaM# He MeHee 15 M. Mcnonp30Banre MHOTOTOYETHOTO TPEXKOMIIOHECHTHOT'O 30H1a 00eCednBaeT
BO3MOXKHOCTb BBIICJICHHUSI MPSAMOW IPOJOJBHOM BOJIHBI [JIs MOCJEIYIOIIEH KOMIIEHCAUMHW HW3MEHEHUU
(opMBI cHTHala B 3alHCAIX HA3eMHBIX ceilicMonprueMHUKOB. CucTemMa HaOMIONEHUH sl Ha3eMHBIX
PaccTaHOBOK MPOEKTHPYETCS 0 OOBIYHBIM MPHUHITUTIAM.

B ckBaxune mpoBomstcs Taxke paborel BCII u3 OnmKHEr0o M HECKOJBKUX YAAJICHHBIX IYHKTOB
Bo30ykaeHus. JlanHble OmmkHero myHkra Bo30yxkneHus BCII ucmonb3yroTcs Ais MPUBS3KH OTPaXKCHHH,
PErUCTPUPYEMBIX Ha MTOBEPXHOCTH, K JIMTOJOTHYECKOMY pa3pe3y, NIPOrHO3Yy I'€0JOTrHYeCKOro paspes3a HUKe
320051 CKBOKHHBI, a TAKXKE JJI MOBBIIMICHUS Pa3pelIaroNieli CTOCOOHOCTH METOJO0B Ha3eMHBIX HAOIIOIeHUH
IyTeM MPUMEHEHUs AOMOJIHUTEIBHON nekoHBomtonuu paspe3oB OI'T mo Tpacce 0OIHOKpPATHBIX OTpa)KEHUN
BCIL

[Ipoenenne BCII 3 HECKOMBKHUX ITYHKTOB B3PBIBA MO3BOJISAECT 00JIee JOCTOBEPHO M TOYHO OIICHUTH
CKOPOCTHYIO MOJIEb Cpebl (CKOPOCTH, KOA((UIIMEHTH aHU30TPOINHHU, HAKJIOHKI TUIACTOB) B OKPECTHOCTH
CKBa)KUHBI.

Omnucanue rpada oopadoTkn

O6paboTka MaHHBIX COBMEIICHHBIX HAONIOACHWM COCTOMT W3 TpexX dTamoB. Ha mepBoM Jrare
ocymectBisiercss oopaborka maHHeiXx BCII u3 Bcex myHKTOB B030ykaeHHs. OCHOBHBIM pE3yJIbTATOM
MIEPBOI0 ATAMa ABJISIETCA CKOPOCTHAsA MOJeNb cpennl [3].

Hamnee BeimonasieTcss oOpaborka 3ammceid rmyomrHOro 30Hma BCII, koropas BkimodaeTr B ceOs
KHHEMAaTUYECKYI0 M JWHAMU4ecKyro 00paboTky [1]. OcHOBOHM aisi KHHEMaTHYeCKOW O0OpaOOTKH CITYKUT
rogorpad mnepBeix BerymieHuid 3oHAga BCII. Ilpeamonaraercs, uyTo (QyHKOMOHAJIbHAS 3aBHCUMOCTH
rogorpada oT KOOpJUHAT UCTOYHUKOB OOYCIIOBIICHA CIIEAYIOIUMHE (haKTOpaMu:

® Cpeoil pacripoCTpaHeH!sl, ONMCHIBAEMOH CJIOMCTO-0IHOPOAHON MOJENBIO;



® JIOKQJIIbHBIMU HEOAHOpoAHOCTIMU BYP;

® HEOAHOPOTHOCTSIMU YCIIOBHH BO30YKICHUSI.

Pa3zHocTh Mexay HaONIOOEHHBIM rogorpagoM M CHHTETHYECKUM, PACCUMTAHHBIM C MCIOJIb30BAaHHEM
CKOPOCTHOIl MOJEIH CpeIbl, OIpeleNnseT Ioje CTaTMYECKHUX IONpaBoK. IJafkas COCTaBISIOMAs ATHX
MIONPABOK  XapaKTepU3yeT JIOKaJbHBIE HEOAHOPOAHOCTH ckopocted BYP, a BwicokouacToTHas -
HEOJHOPOIHOCTH yCJIOBUH BO30YXKICHHUS.

Juanamudeckass oOpaboTka 3amucei KOHTpoiasHOro 30HAAa BCII ciayXuT mjisi BRIpaBHUBAHHS (DOPMBI
HMITYJIbCa BO3OYIKACHUSI U COCTOUT M3 BBIJICJICHUS Ma1atoIeld BOJIHBI U [TOJMYYCHHUS 3TAIOHHOTO CUTHAJIA JIJIs
pacueTa KOpPpEKTUPYIOLIETO oleparopa. DTAJOHHBIM CUTHAJI pacCUMTBIBAETCS NMyTeM HaKalUIMBaHUS Tpacc
MaJAOIUX BOJIH, UMEIOIINX PaBHOE yIAJICHUE OT YCThsI CKBAXKHHBI.

PesynpraramMu 3TOro srama SBISIOTCA IONPaBKU 3a aHoMmanuu ckopocteil BUP u omeparopsl,
KOMIIEHCHPYIOLIHE Pa3arnyusi GopMbl UMITyJIbCa BO30YKICHUSI.

Ha nocnennem stame BbIONHSETCS 00paOOTKa 3amuceil Ha3eMHBIX CEHCMOIPUEMHHMKOB C Y4ETOM
pe3ynbTaToOB, MOJIYYEHHBIX HA NPEAbIIYLIIMX JTamax. B 3akiaroueHne 0OpabOTKM — BBIOJHSETCS
nexoHsoronus paspesza OI'T ¢ ncnonp3oBaHMeM Tpacchl OJHOKpaTHBIX oTpaxkeHuit BCII. Orta mponenypa
obecnieunBaeT pacmmpenne cnektpa Tpacc OI'T u mpuBenenue Gpopmel UMITyIIbCa K HYTb-pa3zoBomy [3].

Pe3yabTaThl 00padoTKH

OcHoBHBIE crnenu(uyecKne pe3yibTaThl TPUMEHEHHS METOIWKHA COBMEIICHHBIX HaOII0IeHNH,
o0eCreunBarolie MPEeUMYIIeCTBa Mepe]l CTAaHIAPTHON CEeMCMOpa3BEIKOM, MONYy4alOTCs HA BTOPOM 3Tare
00paboTKH.

[lepBoe mMpenMyIeCTBO HCIIONB30BaHUS TaKOH METONWKH HaOJIOJACHWH 3aKII0YAlOTCS B TONYYCHUU
KapTbl CKOPOCTEH BEpXHEW 4YacTH pa3pesa, KOTOopas HCIONb3YEeTCs s KOPPEKIHH CPEJHEYACTOTHBIX
CTaTUYECKUX CIBHUIOB B 3alMCSIX HA3€MHBIX celicMONpUEeMHUKOB. [IpuMep Takoi KapThl, IOCTPOCHHOM IO
HaomoaeHusiM «3D+BCII» Ha ogHOM M3 MecTopokaenuid 3ananHoit Cubupu, mpuBeleH Ha pucyHke 2. Ha
PHUCYHKE TakKe N300pakeH peaslbHBI PEYHON KOMILIEKC, C HAIMYHEM KOTOPOTO Ha 3TOH IUIOIMAIN CBSI3aHBI
30HBI PACTEIJIEHUS] BEYHON MEP3TIOTHI, COMTPOBOXKIAIOUIUECS CYLIECTBEHHBIM TOHMXEHUEM ckopocTu B BUP.
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Puc. 2 Kapra ckopocteii ci1osi, BKIIOUAIOIIETO 30Hy MEP3IOTHI
(Genas Touka — CKBa)KHHA, OeJast TMHUS — PEUHON KOMILIEKC)

Apyrum npeumMyiiecTBOM TAaKOM METONMKH SBISAETCS BO3MOXHOCTh HMCIOJB30BAHUS ONEPATOpPOB,
BBIPAaBHHUBAIONIMX HEOJHOPOAHOCTH ()OPMBI HMITyJIbCa B 3alUCSAX HA3eMHBIX ceiicMonpreMHHKOB. Ha
pUcyHKe 3 MpUBEICHBI UCXOIHBIE 3alIUCH OJHOTO M3 HAa3eMHBIX NMPUEMHUKOB OT HECKOJIBKUX B3PHIBOB U
pe3yNbTaT KOPPEeKIUH CTATHYECKHUX ITOMPAaBOK M KOMIIEHCAIIMH DPAa3NU4Iuid (OPMBI HMITyJIbCa. 3aMETHO
yIIydIIeHHe KOPPEeNupPyeMOCTH OTPAKEHHBIX BOJIH, YTO MOJATBEP)KAA€T BO3MOXKHOCTH HCIIOJIBb30BAaHUS



CTAaTUYCCKUX IIOIPABOK W OICPATOPOB, PACCUUTAHHBIX IO 3aIUCAM I‘J'IY6I/IHHOFO 30HOa, I KOMIICHCAllK1
BJIINAHUSA HeO)Z[HOpOIIHOCTeﬁ yCJIOBI/Iﬁ B036Y)K)Z[GHI/I$[ B 3aIllCAX HAa3€MHBIX IPUEMHHUKOB.
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Puc. 3 3ammcu Ha3eMHOTO TpUEMHHKA TSl HECKOJIBKHIX ITYHKTOB B3phIBa (ClieBa — 0 KOPPEKITHH,
CIpaBa — IocJie KOPPeKIuK (HOPMbI UMITYJIbCA M CTATHKH ¢ UCIOJIb30BaHueM 3amnuceit 3ou1a BCII)

BpiBoabI

MeToauKa COBMEIICHHBIX HaOMIOACHUN TO3BOJSECT MOJYYUTh NPEUMYIISCTBA Tepe]] Ha3eMHOMN
ceiicMopa3BeIKOH MpY HAIMYHUH TITyOO0KOM CKBaKUHBI HA IUIOMIAIN UCCIIeAOBaHUH [2].
OCHOBHBIC  TIPEUMYINECTBA  COBMEIICHHBIX  HA36MHO-CKBOKHHHBIX  HAOMIONECHWH  MOXKHO
chopMyITUPOBATH CISAYIONIMM 00pa3oM:
- BO3MOXKHOCTh KOMIICHCAIlMd HEOAHOPOAHOCTEH YCIOBHI BO30OYXKICHHS 3a CYET KOHTPOJS (HopMbl
HAMITYJThCa KaXKIOTO BO3JIEHCTBUS U JEKOHBOJIIOINH TI0 (hOpMe CHTHAA,
- BO3MOXHOCTH HCIOJB30BaHUS JOCTOBEPHBIX CTATHUECKUX MOTPABOK 32 BO30YKICHUS,
- BO3MOXKHOCTh HCIIOJB30BaHUS TOYHOTO CKOPOCTHOTO 3aKOHAa Ha ckBaxkuHe Mo naHHbiM BCII u yuera
TOPU30HTAIBHOTO TpagueHTa ckopocteli BUP, omeHnBaeMoro mo Bapualuu BpeMeH MPHUXOJa MPsIMON
BOJIHBI TIPH BO30YKJICHUHU Ha CETKE Ha3eMHBIX HAOJFOICHHH.
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Summary

Two applications of combined surface and downhole acquisition geometries are described. They are
called “2D+VSP” and “3D+VSP”. The advantages are based on the use of downhole arrival times and
signatures to improve surface seismic data. The case stories approve the proclaimed features of proposed
technology.

AHHOTAUA

PaccmoTpeHa TEXHOJNOTHS COBMEIIEHHBIX HA3€MHO-CKBOKMHHBIX CEHCMHYECKUX HAONIONCHUN B
Bapuantax «2D+BCII» u «3D+BCIl». IIpenMymiecTBO 3TOM TEXHOJOTHH OCHOBAHO Ha HWCIIONH30BAHUH
rojgorpa)oB MEpBBIX BCTYIUICHUH W (POPMBI MMITYJIBCOB TIIYyOMHHOTO INpHOOpa JUisi KOPPEKIUU 3ammcei
Ha3eMHBIX CcelicMONpueMHHUKOB. [IpuBeneHHBIE NpUMEpHl TPUMEHEHHS TEXHOJOTHU TOATBEPKIAIOT
MIPENMYIIIEeCTBA MCIIOIb30BaHUS TAKMX HAOIIOACHNH.

Introduction

The basic geophysical methods used by prospecting and monitoring of oil and gas deposits, are
logging (LOG), seismic prospecting on a surface (2D and 3D) and seismic prospecting in wells (VSP).

LOG methods possess high resolution by the depth, however that methods study only the most nearest
area around a well. Seismic prospecting on a surface possesses an opportunity of receiving of the coherent
image of the large objects, but such methods have insufficient resolution and accuracy to solve problems of
high detail. In comparison with ground seismic prospecting VSP provides more detail studying of borehole
environment, but in the limited range of distances from a well.

At production drilling on oil and gas frequently there is a need of detailed studying of productive
layers on distances up to 1.5 — 2 km from a well, not achievable for prospecting by VSP method. Presence of
a deep well can increase sharply accuracy of 2D and 3D seismic prospecting in vicinities of this well, if
simultaneous supervision on a surface and in a well is used. This provides combination of advantages of
seismic prospecting on a surface and VSP. The technique of the combined acquisition means that every shot
of 2D or 3D survey is acquired by VSP geophone set located close the well bottom. As a matter of fact, this
technology is based on three-dimensional acquisition geometry.

Method description

The technique of supervision by multipoint three-component VSP geophone is discussed. VSP
geophone is positioned close to the well bottom. Using this technique it is possible to estimate the
heterogeneity of the top part of well environment. Also it is possible to compensate variations of the shot
signatures in surface seismograms [4].



In figure 1 the simplified scheme of supervision system and rays trajectory in section 2D for simplified
double field CDP covering is presented.

{:} - velocity heterogenities
v - CDP shot points

v - VSP shot points

Fig. 1 Field measurement scheme by a technique "2D+VSP" or 3D survey

Each shot of 2D or 3D survey is registered by the multipoint three-component geophone located close
to the well bottom, with step between receivers not less than 15 m. Using of a multipoint three-component
geophone provides an opportunity of extraction of a direct P-wave for subsequent signature determination in
surface geophones records.

Usual VSP zero and offset surveys are provided in the well. The data from the nearest shot point are
used for correlation of surface reflections with lithologic section. Also this data are used to forecast a
geological section lower than a well bottom, and also to increase the resolution of surface survey by applying
to CDP sections additional deconvolution by the VSP primary reflections.

Carrying out of the VSP from several shot points provides accurate velocity model of environment
(velocities, factors of anisotropy and inclinations of layers) in a well.

Processing description

Data processing of the combined acquisition consist of three stages. At the first stage data processing
of the VSP from all shot points is carried out. The basic result of the first stage is the velocity model of
environment [3].

Further processing of records of the VSP deep geophone is carried out. This includes kinematics and
dynamic processing [1]. As a basis for kinematics processing serves first break hodograph of the VSP
geophone records. It is supposed, that space hodograph is influenced by next factors:

e the environment, described by layered model;

e local variations of weathering layer;

e variations of shot conditions.



The difference between observed hodograph and synthetic hodograph, which designed using velocity
model of environment, defines a field of static corrections. The smooth component of these corrections
characterizes local variations of the weathering layer, and high-frequency component characterizes variations
of shot conditions.

Dynamic processing of VSP records serves for equalizing the signatures of different shots. This
processing consists of extraction of a downgoing wave and combining of a reference signal for calculation of
the correcting operator. The reference signal is provided by stacking of traces of downgoing waves having
close equal offset from the wellhead.

Results of this stage are corrections for anomalies of weathering model velocities and the operators
compensating differences of signatures.

At the last stage surface seismograms are corrected before usual processing chain. In this processing
results received at the previous stages are used.

Deconvolution CDP to VSP is applied to 3D cube or 2D profile to provide strictly zero phase
signature[3].

Processing results

The basic specific results of combined acquisition technique, that provide some advantages compare to
standard technique are obtained at the second stage of processing.

The first advantage proposed technique is exact estimation of weathering layer model, which is used
for correction of mid-frequency static shifts in surface seismograms. The example of such map, constructed
by “3D+VSP” geometry on productive field in Western Siberia, is presented in figure 2. The real river
complex is depicted to show good correlation with defrozing zones which sharply declines velocities in
weathering layer.
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Fig. 2 Layer velocities map including a permafrost zone
(white point — well, white line — river complex)

Other advantage of such technique is the possibility to use operators, smoothing signatures in surface
seismograms. In figure 3 initial records of one ground geophone from several explosions and result of
correction of static shifts and signature differences are presented. Reflected waves correlation improvement
is obvious. That confirms the possibility of using static corrections and operators, designed by VSP
geophone set, to compensate influence of differences in shot conditions in ground geophones records.



Time, ms 2550 700 Time, ms
1700 12‘00 l7|00

64

A -
/ ,.,.nq"lAw-
VY
NP
AR A s
V) ‘ "‘.‘"\.‘"‘ T \ /
LV VY M

A\ A AAU‘" /]

Inline

Fig. 3 Surface common receiver gathers for several shot points (at the left — before correction, on the right —
after correction of the signatures and static corrections using downhole geophone records)

Conclusions

The combined acquisition technique allows to get advantages compared to seismic prospecting when
the deep well is present on the prospect area [2].
The basic advantages of combined surface-well geometry can be formulated as follows:
- itis possible to compensate differences in shot conditions controlling signature of each shot and applying
signature deconvolution,
- itis possible to use true static corrections,
- it is possible to use exact well velocity model according to the VSP, also it is possible to consider a
horizontal gradient of weathering layer velocities. This gradient is estimated from the variation of the
direct wave arrival times obtained for surface survey.
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Summary

New method of VSP seismic data processing and interpretation is proposed. The method is applicable to
inhomogeneous media models with partially-smooth interfaces. Accuracy of results is checked by
comparison of ray-tracing and finite-difference methods.

AHHOTAIUA

B mpennmaraemMom moxiame MpEACTaBISCTCS HOBas METOAMKAa OOpaOOTKM M HWHTEPIpPETAIlNd JaHHBIX
ceicmopaseaku BCII s mMozmeneil HEONHOPOIOHBIX CPell ¢ KyCOYHO-TNIaAKUMU rpaHunamu. [IpoBoautcs
COTIOCTaBJICHUE TOAOTPa(OB W aMIUTMTY] MPSMOH BOJHBI, PACCUUTAHHBIX JYYEBHIM METOIOM W CHSTBIX C
TIOJISI, BEIYMCIEHHOTO METOJIOM KOHEYHBIX PA3HOCTEH.

BBegenne

Kak mpaBwuito, mporeccsl 00paboTKH W WHTEPIIPETAIUN JaHHBIX CeHCMOpa3BeAKH pa3/ieieHbl BO BPEMEHU
Y BBIMONHAIOTCA Pa3MYHBIMU TakeTamMu mporpamm. llpm 3TomM moctymHas wH(pOpMAamus HCTOIB3yeTCs
JIaJIeKo He B MOJHOM 00beMe, U4TO CBSI3aHO, ITIABHBIM 00pa3oM, C MCIOJIb30BaHUEM YIPOILEHHBIX MOIX0I0B
pu 00paboOTKe CEHCMUYECKHX TOJIEH.

B HacTosimiee Bpemsi HanOomblliee pacrpoCTpaHEHHE MPH PEIIeHHH 3a/ad IMOCTPOCHUS M300paskeHui
Te0JOTHYECKOr0 pa3pes3a IMOJyYHUIM METOJbl, OCHOBAaHHbIE HAa JIYYEBBIX M PA3IMYHBIX MHIPALMOHHBIX
npeoOpa3oBaHMsAX, HO KKABIM U3 TAKUX METOJOB B OTIEILHOCTH 00JIalacT PSIOM CEPbE3HBIX HEJOCTATKOB.
[Ipu 3TOM IS TOCTpOEHUS M300pakKeHWH HCIONB3YETCs, KaK MPaBWIIO, HE BOJHOBOE TIOJE B IIEJIOM, a
BBIJIEJICHHAS U3 BCEro MOJs HHPOPMAIHS ONPEIeIEHHOT0 Po/ia, HalpUMep, MO MPOIOIBHBIX OTPaKEHHBIX
BOJIH.

Kpome TOro BO MHOTHX Ciy4asx HCHOJB3YIOTCS CHIBHO YIPOIICHHBIE MOJAENTH Cpelbl (Takue Kak
IUIOCKWE TPAaHWIBI Pa3fesioB, OTCYTCTBHE TPalWEHTOB CKOPOCTEH H T.JA.), YTO NPUBOIUT K OOJBIIAM
MOTPEUTHOCTSAM IPU HHTEPIPETALNH.

B mpemmaraemom foknaze TpeACTABISTCS HAYajdbHBIA dSTal HOBOH METOIWUKA OO0OpabdOTKHA W
WHTEpHpeTanun TaHHBIX ceficMopazBeakd BCII B CIOKHO-TIOCTPOSHHBIX CpPelax, COCTOSIINX U3 CBSI3HOMH
CUCTEMBI MPOU3BOIBHO-HEOTHOPOIHBIX TN C KyCOYHO-TIaIKUMHU TPaHUIIAMHU.

PerynspHble BOJIHBI Pa3IMYHBIX TUIIOB U KPAaTHOCTEW MOCIIEN0BATENBHO BEIUUTAIOTCS U3 UCXOJHOTO MOJIS
U TPOEKTUPYIOTCA Ha W300pakeHHWE C WCIOJIh30BAaHMEM ONOpHOW Moxenw. I[lpudeM s BBIYUTAHUS
WCTIONB3YIOTCS TooTpadbl U aMIUIATYIbI, PACCYUTAHHBIE 110 HAYaJbHON MOJIENH CPENlbl B paMKax JIy4eBOTO
METOJ1a.

[NomyuenHoe M300paKeHNE MOXKHO HCIONB30BaTh JUIS YTOYHEHHUS HAYAIBHOM MOJETH, YTO MOXKET
CIIy’)KHTh OCHOBOW JUIA CJENyIOIIeld WTepaliil Ha MyTH [TOA00pa MOAENH aleKBaTHOW BOJIHOBOMY IIOITIO.

B nanbHeiimeM Meroj 3TOT MeTol OyleM Ha3blBaTh METOJIOM  JWHAMHYECKOH JEKOMIO3HMIUH U

pexoncTpykiuu (1IP).



DopMyIHPOBKA 32124

s peanuszaruu Metoa JIJIP HeoOX0quMOo penuTh eIy oIIne 3a1auu:
1. ITocTpoeHue MoEenu Cpelibl, YAOBIECTBOPSIOIIEH YCIOBUIM JIy4EeBOTO METOA.
2. Pacder kWHEMAaTHIECKUX W JUHAMHYCCKUX XapaKTEPUCTUK BOJH B Cpelax ¢ M3MCHSIOITUMUCS
IrpaJluEHTaMU CKOPOCTEH.
3. OueHka GOpMBI BOJTHBI.
4.IlpoekTHpoBaHUE BOJHEI HAa pa3pes.
5.YTouHEHHME MOJEIN CPELBI.

B metome momenb cpenpl peanmsyercs B HamOoiiee oOIIeM BHIE, MPEICTABISAIONEM COOOH cucTeMy
CBSI3HBIX TEJN C TPaHUIAMH, OTIICHIBAEMBIMHU KyCOYHBIMH MTapaMETPUIECKUMH CIUIAHAMH CO CTIIA)KHBAHHUEM.
Kpurepuem criaxxuanus rpaHull Ted SBISETCS OrpaHUYCHUE HA MaKCUMAaNbHYIO KpuBK3HY. Kaxknoe u3 ten
MPEANOIaraeTcs NPOU3BOJIbHO HEOTHOPOIHBIM.

Jna pacdera KMHEMaTHYECKUX W JUHAMUYECKUX XapaKTEPUCTHUK BOJH PAa3WYHBIX THIIOB pPa3paOOTaHBI
TEXHOJIOTUYHBIC BBIYUCIUTEIBHBIC METOABI, OCHOBAHHBIC HAa WCIIONH30BAHUHU JIOKATBHO TOYHBIX PEIICHUHN
TuQhepeHITUANTBHBIX YPAaBHEHHI JTy4eBOT0 METO/IA.

[TockonbKy peanbHBIE Cpelbl 00NaNAIOT TOHKOH CIOMCTOCTBIO, (hopMa paCCESTHHBIX BONH BCerla He
coBmagaet ¢ GopMoii uMIysbca Bo30yxkaeHus. [1oaToMy Gopma BOJHBI, OTPAXKEHHOW OT COOTBETCTBYIOMICH
TPAHUIIBI OTIOPHOM MOJAEIH, HOKHA OMPEIEISITHCS U3 PealIbHBIX 3aIuCei.

Jng mocnemyromero yTOYHEHUS MoOAenHd, (opMa BOJHBI JODKHA OBITh M300pakeHa B TIIyOMHHOM
Macmrabe B TOYKE paccesHus. Y TOUHEHHE MOJENH MOXET OBITh BBHIIOJHEHO MyTeM CMEUICHHS TPaHHIl B
MOJIOKEHUE, COOTBETCTBYIOIIEE OCSIM CHH(A3HOCTH HAa N300paKEeHUH.

WELOCITY MODEL
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Puc. 1 MOI[GJ'II) CpC€Abl UCITIOJIB30BaHHAA I I[aﬂbHeﬁH.IHX pacyeToB.

ComnocraBjieHue mapaMeTpoB BOJH, PAaCCYUTAHHBIX JYY€BbIM M KOHCYHO-PAa3HOCTHBIM MeETOAAMM

Kunemarnueckue napameTpsl BOJH — PAacCUUTaHHBIE JIy4E€BBIM METOAOM M BBIACIEHHBIE W3 MO,
PaCCUMTAaHHOTO KOHEYHO-Pa3HOCTHBIM METOAOM, XOpOIIO COTJAacyIoTCs ApYyT ¢ ApyroM. B To Bpems kak
JUHAMHYECKHE XapaKTePUCTHKH XOPOIIO COBMAAAIOT TOJIBKO B OTACIBHBIX MHTEpBAJax rIIyOuH.
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Puc. 2 I'paduk pazHOCTH BpeMeH roorpadoB pacCUNTAHHBIX JTYUYEBEIM METOJIOM M CHATHIX C TTOJIS
MOCTPOCHHOI'O MPU MOMOIIN KOHEYHBIX paSHOCTeﬁ.
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Puc3. I'paduku aMIuMTy i, paCCUNTAHHBIX TYYEBBIM METOJOM U CHSATBIX C IOJISl IOCTPOSHHOTO MPH

ITOMOIIY KOHEYHBIX Pa3HOCTEM.
Texuoqaorus 1P
Texnomnorust o6pabotkn apaHublX BCII mo wmeromuke J[/IP cOCTOMT M3 HECKONBKUX MPOLERYp:

1. ITocTpoeHue mepBoro MPUOIMKEHUSI MOJICNN CPEbl B pe3yJIbTaTe PElIeHUs] 0OpaTHON KHMHEMAaTUYeCKOM
3aJaudl 1o rogorpadam 1 MoaspU3aLMsIM BCEX BU3YalbHO KOPPEIUPYEMBIX BOJIH.

2. Jlist KaKI0# BOJHBI OT KaXKIIOHM TpaHUIIBI MOJICTH BBITIOIHAECTCS pacdyeT MOJICIHHOW BOJHBI C BPEMEHEM,
aMIUTUTYJaMU U MOJISPU3ALUEN.

3. BommonnseTcs oreHka (GopMbl BOJIHBI BHOJIb PACUETHOro rojorpada ¢ HMCHOIB30BAaHHEM PAaCUETHOTO
pacnpeaeneHust aMIUIMTY A U TOJSIpU3aliiy.

4. BrieneHHas BOJIHA BBIYMTAETCS W3 HCXOAHOTO TONS W TPOEKTHPYETCS B TOYKH pAacCesHUS Ha
M300paKeHUE C TMepecyeToM Ha KOI(Q(UIMEHT OTpaKeHHs MPOJIOJILHOW BOJHBI MO BHEUIHEH HOPMAaIH K
rpaHuiie. BolHbBI pa3HBIX TUIOB OT OJHOM TOYKHU FPAHMILIBI HAKATUIMBAKOTCS C BECaMU MPONOPLUUOHAIBHBIMU
ux ammutyne. [Iponecc noBTOpsieTcsl Il BCEX THUIIOB BOJIH M BCEX I'PAHUL, IOKA HAa BOJIHOBOM IOJIE HE
OCTaHETCsI PeryJspHbIX BoJH. (OO0pabaThIBAlOTCS HE TOJBKO OJHOKPATHBIC, HO M KpPaTHBIC BOJIHBIL.

[Tocne nonyyeHust U300paKeHUs OMIOPHAS MOJICIb MOXKET OBITh YTOYHEHA U MPOLECC TOBTOPSAETCS, ITOKa
n300pakeHne ¢ HeOOXOUMON TOYHOCTHIO He OYJIET COOTBETCTBOBATH MO/IEIH.

Ha PUCYHKE 4 PE3yabTaT BbIYUTAHUA CcaMoO# CUJIBLHOM Hp}IMOﬁ HpOI[OJ'H:HOﬁ BOJIHBI 110 BBIYUCJICHHOMY
rozlorpaq)y " C UCIIOJIB30BAHUEM PACUCTHBIX aMIUIUTYd 1 nonapmaunﬁ.
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Puc 4. Ilons, paccunTaHHbIe METOIOM KOHEYHBIX Pa3HOCTEH: a) OJTHOE 1MoJie, 0) ToJe Mociie BEIYUTAHUS
MPSAMOM BOJIHBI.
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Summary

New method of VSP seismic data processing and interpretation is proposed. The method is applicable to
inhomogeneous media models with partially-smooth interfaces. The results comparison of ray-tracing and
finite-difference methods is made.

AHHOTAIUA

B mpennaraemMom moxiame MpEACTaBISCTCS HOBas METOAMKAa OOpaOOTKM M HWHTEPIIpPETAIlNd JaHHBIX
ceicmopasBeaxu BCII nns Mozenell HEOOHOPOAHBIX CPEA € KyCOYHO-TNIAAKUMM IpaHulaMu. [IpoBoautcs
COTIOCTaBJICHUE TOAOTPAGOB M AMIUIATY TPSIMON BOJHBI PACCUUTAHHBIX JYUEBBEIM METOIIOM M CHATBIX C
TIOJIS, BEIYMCIEHHOTO METOJIOM KOHEYHBIX PA3HOCTEH.

Introduction

As a rule, the processing and interpretation of the seismic data are divided in time and often are carried
out by the different software packages. Thus the information about model is used not in complete volume,
and some simplified approaches are aviable in this surrounding.

Now most imaging procedures are based on ray-tracing and various migration transformations, but each
of such methods separately has a number of serious disadvantages. Only parts of whole wave field, for
example imaging P or PS waves are used.

Besides in many cases the strongly simplified models of environment (such as flat boundaries, absence of
gradients of velocities etc.) are used, that results in the large errors in interpretation.

The first approach to the new technique of processing and interpretation of the VSP data in complex
models consisting of ajaisent system of arbitrary-non-uniform bodies with fragmentally regular borders, is
presented lower.

The regular waves of various types and orders have to be consistently located and subtracted from an
initial field and projected on the image with use of basic model. For subtraction the time graph and
amplitudes calculated on initial model of environment are used within the framework of a ray-tracing
method.

The obtained image can be used for correction of initial model, and this way is one of iterative steps to
determine model which is adequate to interpreted wave field.

In the further this method we shall call as a method of Dynamic Decomposition and Reconstruction
(DDR).

The formulation of problems

To apply DDR method it is necessary to solve the following problems:
1. Construction of model satisfying to conditions of a ray-tracing method.
2. Calculation of times, amplitudes and polarization of wave by ray-tracing method.
3. Estimation of a wave signature.
4. Depicting a wave on a section.
5. Correction of a model.



The model of sections realized in a most general case as adjacent system of bodies with boundaries,
described by the fragmentally parametrical splines with smoothing. Criterion of smoothing of borders of
bodies is the restriction on the maximal curvature. Each of bodies is supposed arbitrary non-uniform.

For calculation of kinematics and dynamic characteristics of various wave types technological computing
methods are developed, based on use of the locally exact decisions of differential equations for a ray-tracing
method.

As the real media are a thin-layered, the form of scattered waves always does not coincide with the form
of short signature. Therefore the signature of a wave scattered on the appropriate boundary of basic model,
should be defined from real records.

For the subsequent specification of model, the form of a wave should be represented in deep scale in a
point of scattering. The specification of model can be executed by displacement of boundaries to the position
which corresponds to the wave position in seismogram.

WELOCITY MODEL
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Fig. 1 Model of environment used for the further accounts.

Comparison of parameters of waves designed by the ray-tracing and finite-difference methods

Kinematics parameters of waves calculated by a ray-tracing method and determined from a field
calculated by a finite-difference method have close correlation to each other. While the dynamic
characteristics well coincide only in separate intervals of depths.
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Fig. 2 Diagram of a difference of arrival-times calculated by a ray-tracing method and received from a field
calculated by finite-difference method.
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Fig. 2 Diagrams of a amplitudes calculated by a ray-tracing method and received from a field
constructed through finite-difference method

DDR technology
The technology of VSP data processing on a DDR technique consists of several procedures:

1. Construction of the first approach to model as a result of kinematic inversion of travel times and
polarizations for visually correlated events in original data.

2. The synthetic wave parameters are calculated by ray-tracing method for strongest event.

3. The estimation of the form of a wave along calculated arrival times-graph with use of designed
distribution of amplitudes and polarization is carried out

4. The located wave is subtracted from an initial field and is projected in points of scattering on the image
with recalculation on factor of reflection of a P-wave on external perpendicular to border. The waves of
various types from the same point of boundary are stacked with weights proportional to their original
amplitude. The process is repeated for all types of waves and all boundaries until all regular events are
subtracted and projected on section. Not only primary, but also multiple waves may used in the process.

After imaging the basic model can be corrected and the process may be repeats until the image will
correspond to model with necessary accuracy.

In figure 4 the result of subtraction of direct wave with use of computed times, amplitudes and
polarization is depicted.
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Fig 4. Fields designed by a method of finite-difference: a) a complete field, 0) a field after subtraction of a
direct wave.



Conclusions

- Within the framework of DDR technology the efficient methods of description the two-dimensional
models and the methods of ray-tracing in gradient block fragmented media are developed.

- Ray-tracing method is proved by comparison with finite difference of the modeling results.

- The DDR technology provides the way to find iterative solution of a two-dimensional inverse problem for
vector wave fields, combining improved of model based method of wave separation and imaging.
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The authors express to SEPTAR Company for the model which was used for comparison of finite difference
and ray-tracing method.
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Summary

A possibility of using correlation functions for a VSP reverse dynamic problem solution is discussed.
The correlation functions are used when dealing with data obtained during the drilling process. An algorithm
for the one-dimensional reverse problem solution is constructed. This algorithm involves autocorrelations of
source data. The theoretical basis of the method as well as the result of the numerical experiment is given in
this paper.

AHHOTALIUA

PaccmarpuBaeTcs BO3MOXKHOCTH HCIIOJNIB30BaHUS KOPPENALNMOHHBIX (PYHKIUHA Ui pelleHUs
obpatHoit muHammdeckor 3amaun BCII. HeoO0XoammocTh WCIONB30BaHHS KOPPEIAITNOHHBIX (DYHKITHI
BO3HHMKAeT TPU pErucTpauuu KojeOaHud, Bo30ykmaeMbIXx OypoBBIM jgoiioToM. PaspaboraH anropuTm
peleHns OJHOMEpHOH oOpaTHOl nuHaMudeckoil 3agaun BCII mo aBTOKOPPENSIMOHHBIM TOJSIM HCXOAHBIX
naHHbIX. [IpuBeneHBl TeopeTHYecKue OOOCHOBAHMS HCIIONB3YEMOTO METOJa M Pe3yJbTaThl MOJCIHHOTO
9KCTIEPUMEHTA.

BBeaenune

AHanu3 KOppensIUOHHBIX moiell ceiicmudeckux Tpacc BCII mo3BossieT yTBep)kKaaTh, YTO B HHUX
COIEPKUTCA TOSTHAst HH(POPMAaLIUS O TEOJIOTHIECKOM pa3pe3e BAOJb CKBAKUHBL. [Ipy 3TOM OKa3bIBaeTCs, 4TO
Ha OCHOBE KOPPENIAIHMOHHBIX IO B CXEME€ C MOBEPXHOCTHBIM HCTOYHHKOM MOXKHO BOCCTAHOBHTH
ceficMUYecKHil pa3pe3 Kak HH)KE, TaK M BBIIIE YPOBHSA pPAaCIOJOXKEHHS PETUCTPUPYIOIIUX JAaTYUKOB.
[lokazaHo, 4TO 3amady HPOTHO3UPOBAHUS TEOJOTHYECKOH Cpeabl yAaeTcs pelIMTbh TakXke B Ciydae
WCTOYHWKA, PACIIONIOKEHHOrO0 Ha TiIyOWHe. TakuM HCTOYHHMKOM MOXET CIYXHThb JO0JIOTO Oypa, dYTO
TTO3BOJISIET OCYIECTBUTH 00padoTKy AaHHBIX BCII B pesxkxume MonutopmaTa. [Ipemamaraemas Meroanka Oblia
orpoboBana Ha MoaenbHbIX AaHHBIX BCII. B pesynbrare OblI0 MOKa3aHO, YTO KayecTBO MPOTHO3MPOBAHUS
Ha aBTOKOPPEILUAX COTMOCTABUMO C KadyeCTBOM MPOTHO3WPOBaHWUS 1O TOJHBIM Tpaccam BCIIL.
[IpemnoxeHHBIM METOJOM HHTEPIPETAlNA KOPPENAIUOHHBIX IOJNIed CMEIIeHHH, PETHCTPUPYEMBIX Ha
THEBHON TOBEPXHOCTH, MOXHO pelIaTh 3a/1ady ONpeAeeHHs T'€0JOrMYecKOro pa3pes3a HEMOCPeICTBEHHO B
pexxuMe OypeHUs CKBaXKHH, a TaKKe ONPEACNIATh TeKyILee MojoKeHne 0ypoBoro J010Ta.

Onucanue Meroaa

BonnoBoe moie npoaO0JIbHOTO BCII B FOpHSOHTaﬂLHO-CJ’IOHCTOﬁ cpeac COACPIKUT IMaAaroIIne U
BOCXOIAIIMEC BOJHBI. Ha xaxgom YPOBHE Ha6J'IIO,[[CHHI7[ IIOJIHas CeﬁCMOI‘paMMa S Moxer OBITh

IPE/ICTAaBIICHA CYMMO MoJiel Mafaommx S, 1 BOCXOMAMNUX S, BOJH.
[lpn pemieHnu 3aJa4M  NPOTHO3UPOBAHWA paspe3a HIDKE YPOBHA HAOIMIONCHUSA, HCXOTHOM

uH(bOpMaLUel SIBISETCS OTpakaTellbHAs XapakTepucthuka cpeapl (G, ompenensieMas Kak pe3yJbTar
JEKOHBOJIIOIIMU OTPaKEHHBIX BOJIH.



bes yuceTa peryrsipu3aliui UMCEM:

G(w) =%.

B ciydae ecnu MCXOTHBIMU JAHHBIMH SIBJISIFOTCS. HE CAMU BOJHOBBIC TIOJISI, 3 UX aBTOKOPPEISIIIHH,
Tak)Ke BO3MOXHA OIICHKA OTPaKaTeIbHON XapaKTEPUCTHKH CPEJIbI.

Ha BeptukampHOM mpodmie aBTOKOppesmuoHHbEIX Tpace BCII (Puc.2) MOXHO BBIICTUTH
BEPTHKAJILHOEC W JIBa HAKJIOHHBIX HampabiicHus. [lepBoe MpeacTaBiICHO aBTOKOPPEIAIUEH MajarolliuX U
BOCXOJSAIIUX BOJH, BTOPOE€ — KOppeJsIHeld TEePBUYHO-TIAJAI0IINX W BOCXOMASIIUX BOJH, TPEThE —
KOppeTsIHed BOCXOSIIUX U BTOPUIHO-TIaIal0muX BoiH. CyMMa BTOPOTO U TPEThEro WICHOB TOYHO paBHA
KOppEIAIUAM IMOJHBIX MaJaroIUuX U BOCXOAAIINX BOJIH.

ITockonbKy BOJIHBI 3THX TPEX HANPABICHHI MOTYT OBITH IMOJIyYCHBI CEJICKIIUCH BOJH MO CKOPOCTSM,
TO o aBTOKOppersnusaM Tpacc BCII, MOKHO OIIEHHTh CYMMY aBTOKOPPEILIUH MaJaoNINX M BOCXOMISIINX
BOJIH, a TaKKC€ B3aUMHYI0 KOPPEIIAIUIO MaatoInX U BOCXOAAIIUX BOJIH.

ITokaxkeM, 4TO 3TOr0 JOCTATOYHO IS OICHKH OTPAXKATEIILHOW XapaKTePUCTHKH cpeibl. Beemem
0003HaYeHUS:

(1)

Ky(@)= S (o)] +]S,() [,

. 2
K (@) =S, (0)S,(0).
JI1s1 OTHOIIEHHS — , HMEEM:
1
Ko _[S@F +S@F _S@)  Si@ 1, . o
K, S (@0)S,(w) S, (@) S (w) G
PeriieHreM 3TOr0 ypaBHEHHUS SIBJISICTCS BBIPAKCHUE:
1 K 1
G(w)=—"L——|K, [ 4| K, . 4
()2K1 2K1|0| | K, | (4)

MonenabHblil JKCIIEPUMEHT

[pemnaraemerii anroput™ ObUT OPOOOBAaH HA MOJENbHBIX JaHHBIX BCII.
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Ha nepBom pucynke nzo0OpaxeHo ucxogHoe mogenbHoe nosne BCII B ropuzoHTaibHO-CIOMCTON
cpene. Ha pucyHke oT4eTIMBO BBIAEISAIOTCS MEPBUYHBIE MTAIA0IIE BOJIHBI, BTOPHYHBIC MAIA0IHe BOJIHBI U
KpaTHbIC OTpa)KeHHBIC BOJMHBI. Ha BTOpOM pucyHKe M300pakeHO MoJie aBTOKOPPEISIHN, paCCUUTaHHOE 110
ncxogHoMy wmogensHoMmy momto BCII. B mnpuBeneHHOM aBTOKOPPEIALMOHHOM TIOJE  BBIACIAIOTCA:
BEPTUKAIBHOE HAIIPABJICHUE, BOCXOSIIME BOJIHBI HA IBOMHBIX 3aJIeP)KKaX U BTOPUYHBIE IAJArONIUe BOJIHBI
Ha O0OpaTHBIX ABOMHBIX 3amepxkax. [locie TpUMEHEHHs] NpPOLENyp CENeKIMH O3TH IO OTYETIHBO
pasmensrorcs. Ha crepyrommx Tpex WILTIOCTpalMsax M300pa)KeHbl BOJHOBBIE IMOJISI aBTOKOPPEISLMN Tpacc
BCII mnocne mnpouemypsl cenekumd. Ha puHCyHKax TNIpenCTaBIeHbl TPU OCHOBHBIX HAIpPABICHUS:
BEepTHKAJIbHOC M JBa HakIOHHBIX (Puc.3). OTueTivBO BUAHA KOPPENSIMOHHAS BOJHA OT CBOOOIHOMU
MTOBEPXHOCTH.

Ha crnenyromumx Tpex pHCYHKaX H300paKeHbl aKyCTUYEeCKHe WMIICAaHChl HIDKE WHTepBala
HaOIOIeHNIA B MaciiTade riryOonH (a — MoJeNnbHBIH, 0 — iporHO3 110 BCII, B — mporHo03 1m0 aBTOKOpPENAnnsiM
BCII).
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3akiouenne

[IpennokeH anbTepHATUBHBIN M MPU HEKOTOPHIX YCIOBUSX TOYHBIM METON HU3YYCHHs pa3pesa U
MIPOTHO3UPOBAHUSL pa3pe3a HWXKE YPOBHS PACIOJOKEHHs JI0JI0Ta, OCHOBAHHBIM Ha WCIOJIh30BAHUU
aBTOKOpPpEAITMOHHBIX (pyHKIHi. [lokazaHo, uro 3ameHa oObHBEIX Tpacc BCII Ha mMX aBTOKOpPpEISAITNH
IMO3BOJISICT, HECMOTPA Ha IMOTEPIO ITOJIOBUHBIL I/IH(i)OpMaHI/II/I, pemaTtb O6paTHBIe 3aJa4r OLUCHKU U3y4YaeMOro
paspesa. [IpeanokeHHbBIM METOJIOM MHTEPIPETALMU KOPPEISLUOHHBIX MOJIEH CMEIICHUM, PETUCTPUPYEMBIX
Ha JTHEBHOH MMOBEPXHOCTH, MOKHO PeIIaTh 3a7ady OIpEeeIeHUs] Te0JI0THIECKOTo pa3pe3a HEMOCPEICTBEHHO
B pexuMe OYpEeHHS CKBAXKHH, a TaKKe ONPEAeNATh TEKylllee MOoJOoXKeHHe OypoBoro ponora. JlaHHas
METOJMKA TIO3BOJIIET CYIIECTBEHHO IIOBBICUTH IEPCIEKTUBBI BBICOKOPA3PEIICHHOTO MNPOTHO3UPOBAHUS
paspe3a Hmke 3200 CKBRXHHBI [0 IIyMaM JIOJIOTa, TaK KaK NPH 3TOM OTMagaeT HeoOXOAMMOCTH
perucTpauyu CuUTHaia Ha OypoBOM HWHCTpYMeHTe. BHenpeHwme mogoOHOTO MOHHTOPHWHTAa TpU OypeHHH
CKB2XMH MOXKET OKa3aThCsl BeCbMa 3(()EeKTUBHBIM B CBSI3H C BCe O0JIee MMPOKON pa3pa00TKOM HAKIIOHHBIX U
TOPU30HTAIBHBIX CKBAYKUH.
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Summary

VSP dynamic inversion problem solution with the use of correlation functions is discussed. The
correlation functions are used when dealing with data obtained during the drilling process. An algorithm for
the one-dimensional inversion problem solution is constructed. This algorithm involves autocorrelations of
source data. The theoretical basis of the method as well as the results of the numerical experiment are
described.

AHHOTALIUA

PaccmarpuBaeTcs BO3MOXKHOCTH HCIIOJNIB30BaHUS KOPPENALNMOHHBIX (PYHKIUHA Ui pelIeHus
obpatHoit muHammdeckor 3amaun BCII. HeoO0XoammocTh WCIONB30BaHHS KOPPEIAITNOHHBIX (DYHKITHI
BO3HHMKAeT TPU pErucTpauuu KojeOaHud, Bo30ykmaeMbIXx OypoBBIM jgoiioToM. PaspaboraH anropuTm
peleHns OJHOMEpHOH oOpaTHOl nuHaMudeckoil 3agaun BCII mo aBTOKOPPENSIMOHHBIM TOJSIM HCXOAHBIX
naHHbIX. [IpuBeneHbl TeopeTHuecKue OOOCHOBAHMS HCIIONB3YEMOTO METOJa M Pe3yNbTaThl MOJACIHHOTO
9KCTIEPUMEHTA.

Introduction

An analysis of correlated VSP seismic wave-fields shows that they contain complete information
about a geological section along the well. On the basis of the correlated wave-fields it is possible to
reconstruct the geological section both below and above geophone string. It is known that inversion problem
has a solution also in the case of the deep source. Thus, the drilling bit can be used as a source. The proposed
method was tested on the synthetic VSP data. It is appeared that the quality of media reconstruction with the
use of autocorrelation wave-fields in comparison with regular VSP procedures results is acceptable. The
suggested technique of interpretation of the correlated wave-fields recorded at the free surface allows to
solve the problem of the reconstruction of the investigated geological section during the drilling process. The
current position of the drilling bit can be determined as well.

Method description

The VSP wave-field corresponding to the horizontally layered media consists of downgoing and
upgoing waves. For each record the full seismogram S can be treated as the sum of the downgoing wave S,

and upgoing wave S, .

The initial information for inversion problem below the observation level is the reflection serial G,
defined as a result of the upgoing waves deconvolution.
Thus, we have:

_ 5, (w)
G(w) = —Sl @ (1)



An estimation of the reflection serial is also possible in the case when only autocorrelations of the
raw wave-fields can be used as the initial data.

There is one vertical direction and two inclined directions in the set of the auto-correlated VSP
traces. The first direction is formed by sum of autocorrelations for downgoing and upgoing waves. The
second direction is the result of the correlation between the primary downgoing and upgoing waves and the
third direction is the result of correlation between upgoing and secondary downgoing waves.

Due to the fact that all these directions can be determined as a result of the wave selection procedure,
autocorrelation fields of the VSP traces allow to yield the sum of the downgoing and upgoing waves
autocorrelations as well as the mutual correlation of the downgoing and upgoing waves.

This information is sufficient for the estimation of the reflection serial. Let us assume:

Ky(@) = S (o) +]S,() ",

. 2
K (o) =S, (0)S,(w).
For ﬁ ratio, we have:
1
K _|S@F +|S,@F _S@) S 1 .. 5
K, S, (@)S,(w) S, (@) S (w) G
The solution of the above equation is the following expression:
1 K 1
Gw)=—-"L——|K,[' —4|K,[. 4
()2K1 2K1|°| | K, | 4)

Numeric experiment

The suggested technique was applied to the synthetic VSP data.
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Fig.1. Synthetic VSP wave-field Fig.2. Autocorrelation field of source synthetic VSP
data

The synthetic VSP wave-field obtained for the horizontally layered media is displayed in the Fig.1.
Primary downgoing waves, secondary downgoing waves as well as multiples are clearly indicated. The Fig.2
shows the autocorrelation field of the source VSP data. Here one can see the vertical direction, the upgoing



waves and the secondary downgoing waves. After applying the selection procedure all of these wave types
can be separated. They are shown in the Fig.3. The correlated wave reflected from the free surface is clearly

recognized.

Depth, m

i S

"Flg.3-: Autocorrelation wave-fields after selection procedure

‘M?

Fig. 4 shows the acoustic impedances reconstructed below the observation area (a — source
impedance used in modeling, b — impedance reconstructed by VSP data, ¢ — impedance reconstructed by

auto-correlated VSP data).
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Fig.4. Acoustic impedances reconstructed below the line
Conclusion

The method of the media reconstruction below the drilling bit involving autocorrelation function is
proposed. It is shown that substitution of the ordinary VSP records by their autocorrelations allows to solve
the inversion problem for the investigated section. The suggested technique of interpretation of the correlated
wave-fields recorded at the free surface allows to solve the problem of the reconstruction of the investigated
geological section during the drilling process. This technique increases the possibilities of the reconstruction



of the high-resolution section below the downhole based on the using of drilling bit as source because
reference geophone on drilling tubes is not used. The introduction of such monitoring during drilling process
can appear rather effective due to more and more wide development of inclined and horizontal wells.
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Summary

The conceptual VSP-oriented 1D-3D model is presented as convenient base of VSP processing and
interpretation. The results of processing confirm the efficiency of technology in various applications.

AHHOTAUA

Konnenmms 1D-3D monmenu mpezactaBnseTcs Kak yAoOHAas OCHOBa i 0OpaOOTKU M MHTEPIpPETAUU
nanubix BCII. Pesynbrarsl moarBepxaaoT 3G GEekTHBHOCTh TEXHOIOTHH MTPUMEHEHHUST MOJICTH Ha OCHOBHBIX
aTamax oopaboTKH.

BBeagenne

Kpome pemenust tTpaaunuoHsbix 3agad BCII (naeHTH(HKALUS U OTOXKAECTBICHHE BOJH C JaHHBIMU
Ha3eMHOM CEeWCMOpa3BEIKH, OLEHKAa OJHOMEPHOW MOJETM Cpelpl M aKyCTUYECKMX HMIICIAHCOB BO
BCKPBITOM YacTH M HMXKe 32005 CKBAXHUHBI, IOJIy4YE€HHE H300pakeHUs Cpelbl B OKOJIOCKBRXXUHHOM
npoctpadcTBe [1,2,4]), OCHOBHBIM HAampaBlICHUEM pAa3BUTHS METONIa OCTACTCSA: PEIICHHE IO BEKTOPHBIM
nanaeiM BCIT Tpexmepnoii oOpaTHo# nunamudeckoii 3agauu BCII u nporHosupoBanue 3D mMonenu cpeabl
B OKOJIOCKB2XXMHHOM IIPOCTPAHCTBE U HIKE 320051 CKBaKUHBI. COCTaBJIAIONIMMH YCIIEIIHOTO PEIEeHUs ITON
3aJ1a4u SBISIOTCS:

- o¢pdexTuBHas peanu3anus OCHOBHBIX OJTamoB o0pabotku pnanHeix BCII, ocHoBaHHas Ha
npumeHeHun 1D-3D mopxeneil cpenpl, B Mpolecce KOTOPOH OCYIIECTBISETCS HUTEPAaTUBHOE
yTOYHEHHE caMoit Mojenu [3],

- pa3BUTHE KOHLIENUUH NpeACTaBICHUS CAMOW MOAEIH M aJlTOPUTMOB PEILCHHUS MPSIMBIX U OOpaTHBIX
JUHAMHYECKUX 33]ad.

B coobmennn npeacrapisercs kKonmennus 3ananus 1D-3D Monmenn u 0COOEHHOCTH €€ TIPUMEHEHHST Ha

KIIIOYEBBIX dTanax o0pabdotku ganubx BCII.

Moaoop 1D u 3D moaenu. llpeacraBiaenne 3D moaesn.

[Mpouecc momdopa Moaenu cpenbl HAYMHAETCS € OLEHKM OZHOMEPHOH MoJenu Imo roporpady mepBbIx
BerymieHnit nanHbix BCII Ommkaero myHkta B3pbiBa (I1B). ITombop monemu (ckopocteit ee ciioeB mpu
3aJaHHOM aIllPUOPHO PACHPEAETICHUH TIyOMH MX I'paHMIl) MPOU3BOAUTCS ONTHMHU3ALMOHHBIM METOIOM C
3aJJaHHOW TOYHOCTBIO OTKIJIOHEHHsI BPEMEH TEOPETHYECKOro roxorpada, pacCUMTaHHOTO TO MOJENIH, OT
peanbHOTO Tromorpada. YuuTeiBaeTcs yIajeHHE W TIIyOWHA HMCTOYHHKA W TEOMETPHs CTBOJNA CKBa)KHUHBI
(nanHBIE MHKIMHOMETpUH). JlocTuraemas BeIMYMHA PA3HOCTH BPEMEH TEOPETHUYECKOIO U PEabHOTO
rogorpada, Kak mpaBuiIo, He MpeBhIIIaeT 1 Mc.

Tpexmepnas (3D) monens cpenpl, npumensemas npu obpadorke maHueix BCII ¢ ymanennsimu [1B,
OLICHUBAETCSI Ha OCHOBE IIOJyYEHHOW OJHOMEpHOM Mozjenu cpeabl. C 3TOW LENBIO MpEICTaBICHUE
OJTHOMEPHON MOJIEH CpPeAbl PacUINpsAETCs MyTeM J00aBIEeHUS JBYX [IapaMeTpoB — yIila U a3UMyTa HaKJIOHa
rpanuu. B pe3ynbTare BBeAECHUS 3THX HapamMeTpoB MPOCTPAHCTBEHHAs cpeAa pazduBaeTcs Ha Onoku (Tena),
OrpaHMYCHHBIE TIOoCKOCTAMH. Jlomyckaercs: BoiknuHuBaHue. ChopmupoBanHas TakuM odpazom 3D mozens
C IUIOCKUMM pPa3HO-HAaKJIOHHBIMM TIpaHMLAMH (B YacTHOM ciIydae, C IUIOCKONApaJIeIbHBIMH) U
napaMeTpaMu CII0eB (CKOPOCTH, IUIOTHOCTH U TTTyOMHBI TPaHUI CJIOEB) OJHOMEPHON MOJAENTH YTOUYHSETCS C
MOMOIBIO ONTHMU3ALUOHHOTO AJITOPUTMa [0 OAHOMY WM HECKOJILKUM ToxorpadaM MepBBIX BCTYMJICHUN
nmaaaeix BCII ¢ yanamennabimu [1B. Ilpu omnenke Momenu cpemsl o JaHHBIM yaaneHHBIX [IB yuuTeiBaeTcs
pacmonoxenne [1B B mpocTtpancTBe (ynanenue, riayOnHa, a3UMyT) U T€OMETPHsI CTBOJIA CKBAKUHBI (IaHHBIS
WHKIMHOMeTpUH). Kpome 3HaueHHH CKOpOCTEH MOIy4aloTCs TAKKE OLEHKH KOA(QPULIUEHTOB aHU30TPOIIUU



B OJUIMITHYECKOM TpuOmmKeHnn. Ecim m3BecTHB! roporpadsl momepeuHsix BonH (SV wmwmm SH), To,
MoJOOHBIM 00pa30M, MOYYAIOTCs OLIEHKH CKOPOCTEH U KOA(PPHUIIMEHTOB aHU30TPOIIMH TIOTIEPEYHBIX BOJIH.

Ceseknus BOJIH 110 Ka)XyIIUMCH CKOPOCTAM

DPPEKTUBHOCTh CENEKIIMH BOJH 10 KaKYIIUMCS CKOPOCTAM Ipu o0pabotrke manubix BCIT npu
MIPUMEHEHUH TMoTy4eHHoM 3D MoJenu cymecTBeHHO Bo3pactaeT. U CBsA3aHO 3TO CO 3HAYUTEIIBHO OOJIBIICH
HaJIeKHOCTHIO TEOPETHUECKHUX OIICHOK BpPEeMEH TomorpadoB W TOJSPH3AIMN BOJH PA3IMIHOTO THIA TIO
CPaBHEHUIO C DKCIIEPUMEHTAILHBIMU OIICHKAMHU.

[IpumensitoTcs 1Be pa3HOBUIHOCTH TEXHOJIOTUHU CEJIECKIIUU BOJIH.

B niepBoit, o 3amannoi 1D-3D Moxeny cpenpl, IUisl 3aJaHHOTO TUTIA BOJHBI (TIa1aromiasi mpoIoIbHas W
TIoOTNIepeYHas, OTpaKeHHasl IPOJOJIbHAS WM IomepeyHas, oOMEHHas MPOXOIAIIas MIIM OTpPaKCHHAs ) U
ykaszanHoi B mojie Tpacc BCII Touke renepupyercs rogorpad ¥ pacCUUTHIBAIOTCS OLECHKU TOJSPU3AINU
BOJIHBI IaHHOTO TUTA. PaccunTaHHEbIi rogorpad BU3yaln3upyercs B molie Tpacc. [ Hero 3aaeTcs OKHO, B
npejesaax KOTOpOro MPOU3BOJUTCS MOCIENyIOlIee BhIYMTAaHUE JTaHHOW BOJHBI. Eciin Ha BXOJ mpouenypsl
MOJIaHBI TPAcChl B BEKTOPHOM IIPEICTaBICHUU (TpPEeX WM JIBYX KOMIIOHEHTHBIE), TO TIEPe]l BHIYUTAHHEM
BOJIHBI OCYIIECTBJISICTCS Pa3BOPOT €€ B CIE/AIIYI0 KOMIIOHEHTY, a MOCJE BRIYUTAHUSI — OOPAaTHBIA pa3BOpPOT
B reorpa)u4ecKyro CUCTEMY KOOPIHUHAT.

Bo BTOpO#, mO 3amaHHON MOAENM Cpexbl A 33JaHHOTO THIA BOJHBI (BOCXOXAIIas MPOAOJbHASL,
BOCXO/AIIas OOMEHHas TOMNepeYHas, Majaronias OOMEHHas IOIepPeYHast) IMPOW3BOIUTCS BBIBOJ BOJHBI
3aIaHHOTO TUIa Ha BepTUKaidb. Eciu Ha BXOX mpoueAyphl MOAAHBI TPACChl B BEKTOPHOM IPENCTaBICHUU
(Tpex wim AByX KOMITOHEHTHBIC), TO TIPH BBIBOJC BOJHBI HAa BEPTUKAIL OCYIIECTBIIICTCS aTalTUBHBIN (s
KKJOTO OTCUETa) Pa3BOPOT TPACC B CIEIAIIYI0 KOMIIOHEHTY. [locie BEIYMTaHUU BOJHBI OCYIIECTBIISICTCS
BO3BpaT €€ W Tpacc MOJs OCTaTKOB Ha MCXOJHBIC BpeMeHa C OJHOBPEMEHHBIM OOpAaTHBIM Pa3BOPOTOM M3
crensimell KOMIOHEHTHI B TeorpaduuecKyro CHCTEMY KOOPIWHAT. DTa TEXHOJIOTHS YI0OHA TIPU CEJICKIIIH
BoJiH B BosHOBOM mojie BCII mns ynmanennsix [1B, rme HaOmromaeTcss CuiibHAash M3MEHUHMBOCTH (DOPMBI
rojorpadoB BOJIH OTpaKEHHBIX (IIPEJIOMIICHHBIX ) OT (Ha) pa3HBIX TPAHMIIAX I10 TITyOHHE.

OueHka aKyCTHYeCKUX MMIIeJaHCOB 1o Oaum:kHemy I1B

[Ipu ob6pabotke mamsbix BCII mis Ommkxaero IIB (ymamenme IIB 100-200M) mocne BbIAeNeHHS
BOCXOJSIIUX IPOJOJIBHBIX BOJH U HMX JAEKOHBOJIOLWU IPOU3BOAUTCS BBIBEACHHE UX HA BEPTUKAIb U
MOCIIEAYIONIee «KOPUIOPHOE» CYMMHUPOBAaHUE C IEJIbIO OLEHKH TPAacChl OJHOKPATHO OTPa)KEHHBIX BOJIH.
[Ipouenypa BeIBEIEHMS TPACC BOCXOISAIIMX BOJNH HAa BEPTHUKAIb OCHOBaHA HAa MPUMEHEHUHU TOJIy4eHHOH 1D
wma 3D Momenw cpembl M YYHUTHIBAET OICHKHA KOA(D(HUIIMEHTOB aHW3OTPONHUH, pacronoxenue I[IB B
MPOCTPAHCTBE M TEOMETPUIO CKBAXXHMHBI. YYET BCEX HAa3BaHHBIX (PAKTOPOB MO3BOJSAET MOIYYaTh TPACCHI
OJHOKPAaTHO OTPAYKEHHBIX BOJIH XOPOLIETO Ka4eCTBa B MIMPOKOM creKTpe 4acToT (1o 150-2000m).

[Ipu nocnenyronieil TUHAMUYECKOM WHBEPCUM TPacChl OJHOKPATHO OTPAKEHHBIX BOJIH IOTYYarOTCs
OIICHKH aKyCTHYeCKUX wuMmmemancoB (AM) B orpaHmdeHHOW mojoce dvacToT. [loTeps HH3KOYACTOTHOM
KOMITOHEHTBl HMMIIEIAaHCOB OTPHUIATEIILHBIM 00pa3oM CKa3bIBaeTCs Ha  YBA3KE KPHUBOM HMIIEAAHCOB C
nmanabpiME AK u ['MC, a takke mpu pacuere KpUBOM MMIENaHCOB B MacmTabe TIyOMH U MPOTHO3HPOBAHUU
AU HIKe 32005 CKBOKUHBI.

JloGaBneHrne HU3KOYACTOTHOM KOMITOHEHTHI W3 IONYYEHHOM OIHOMEPHOM MOJAENTH Cpeabl MO3BOJSET
YIJIy4ILIUTh [TOJTy4aeMble B pe3yJIbTaTe OLEHKU aKyCTHUYECKHX UMIIEITaHCOB.

IMony4yenune n3o0pakeHus cpensbl Ajas yaajdenHbix [1B

O4eBHIHO, YTO KAYECTBO M JIOCTOBEPHOCThH IOIyIaeMOTO M300paKeHUs Cpellbl MPH 00pabOTKe JaHHBIX
BCII B macmTabe rimyOrH CYIIIECTBEHHO 3aBHCHT OT MPEACTABUTEIILHOCTH HCITONb3yemMon 3D Monenmn. Yder
HAaKJIOHOB TPaHMIl U aHU30TPOIUHU MO3BOJIsIeT noiy4yaTh n3oopaxenus BCII-OI'T u pe3ynpTarsl MUrpanuu
BBICOKOH JIETaNbHOCTU HA MPOJOJIBHBIX U MOMEPEYHBIX BOCXOASIINUX BOJHAX MPHU YJIAJICHUH HUCTOUYHHKA 10
2500M. Xoporrre n300pakeHUs BEpXHEH JacTH pa3pe3a IpH OOJBITUX yAAJEHUSX UCTOYHHKA MOTYT OBITH
MOJYYEHBI IPY TPUMEHEHHUHN TTaJa0IUX 0OMEHHBIX SV-BOJIH.



IIpumeps! 00padoTKH

Ha puc. 1 u puc. 2 npusenen npumep oopadotku nanusix BCII 6mmxknaero [1B ¢ ucnonszoBanuem 1D-3D
Monenn. OdeBHUIHO Xopoliee mogo0ue KpuBoit akycruieckux umreqancoB BCII u kpusoii AK.
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Puc.1. Pe3aynbraTel 06padoTku nanusix BCIT GimmskHero I1B. CneBa - mcxoansie nanasie BCII, cripaBa - BbIBeZjeHHOE
Ha BEPTHUKAJIb 110JI€ BOCXOASAIINX BOJH MOCIIE JEKOHBOIIOLHH.
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Puc.2. Onenka akycTHYeCKOTO MMIIEJaHCa 10 TPacce OJHOKPATHO OTPAKCHHBIX BOJH, MOJNyYCHHOH I10 JaHHBIM Ha
puc. 1, u conocranenue ee ¢ nanasiMu AK u T'UC.



Ha puc.3 npuBeqeHbI H300paXKeHUsT CPEbl COOTBETCTBEHHO JJISl MPOJONBHBIX P 1 monepeunsix PS BonH.
Wzob6paxenue as PS BosH npeacrasisercs 6oiee MHOOPMATUBHBIM B BEPXHEH yacTH pa3pesa.
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Puc.3. M3o6paxkenus cpenbl B MacmTade TIIyOHH IS POJOIBHEIX (CIeBa) U MOTePeYHBIX OOMEHHBIX BOIH (CIpaBa).
3akiiro4eHne

Onenka u npumeneHue nocroepHelx 1D-3D mogneneit cpensl nmpu obpabdotke ganHbsix BCII mo3Bosser
CYLIECTBEHHO MOBBICUTh JETAIBHOCTh U MH()OPMATUBHOCTh €€ PEe3yJIbTAaTOB. 3AJI0KCHHAS B IIPEACTaBICHHUE
1D-3D mozmenu KoHLENIHs OJ0KOB (Tel), OrpaHMYEHHBIX TOBEPXHOCTIMH HX Pa3iena, MO3BOJSET CO3aBaTh
MOJENU TPaKTUYECKH HEOTPAaHMYCHHOH CJO0XKHOCTH, TNPHMEHEHHE KOTOPBIX IO3BOJIUT 3(P(HEKTHUBHO
npumeHaTs BCII B paiioHax co CI0KHOM TEKTOHUKOM.
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Summary

The conceptual VSP-oriented 1D-3D model is presented as convenient base of VSP processing and
interpretation.  The results of processing confirm the efficiency of technology in various applications.

Introduction

Except for solving the traditional VSP problems: correlation of reflection events on the surface to log data,
estimation of one-dimensional model of medium and acoustic impedances in the well and below the bottom,
imaging of nearborehole space [1,2,4], the major target is reconstruction of 3D model which corresponds to
3C wavefields recorded on the VSP profile. Components of the successful decision of this problem are:

- VSP data processing, based on application of 1D-3D models of medium, with iterative correction
of the model [3],

- representation concept development of model itself and algorithms of the decision of direct and
return dynamic problems.

The features of the decision of the first problem for key stages of VSP data processing is described and
illustrated.

Generation of 1D-3D model

Model estimation process begins with an estimation of one-dimensional model on first breaks hodograph
of zero offset shot point (SP) VSP data. The model (layers boundaries are to be chosen previously) is found
by optimization method with the given accuracy of a deviation of theoretical hodograph times, designed on
model, from real hodograph. The distance both depth of a source and a well bore geometry (deviation
survey data ) is taken into account. The achievable size of a difference of theoretical and real hodograph
times, as a rule, does not exceed one ms.

Three-dimensional (3D) model of medium used in VSP data processing for offset shot point is estimated
on the base of the received one-dimensional model of medium. Initial one-dimensional model is extended by
additional two parameters - angle and azimuth of boundaries dip. As a result of introduction of these
parameters spatial medium is divided into blocks (bodies) limited by planes. Pinching-out may be modeled.
Thus 3D model with flat differently-inclined borders (in specific case, with flat-parallel ) and parameters of
layers (velocities, densities and depths of layers boundaries) one-dimensional model is optimized for
several first breaks hodographs offset VSP data with far SP. At an estimation of medium model on the far
SP data the SP space location (distance, depth, azimuth) and geometry of a well bore (directional survey
data ) is taken into account. Elliptical anisotropy is also calculated in optimization process. If hodographs of
shear waves (SV or SH) are known, the estimations of velocities and anisotropy of shear waves may be
estimated in the same way.

Velocity wave separation

The use of correct 1D-3D model gives rise to better estimates of time shifts and polarization and better
wave separation.

Two versions of technology of waves selection procedure are applied.
In first, on the given model of medium, for the given type of a wave (downgoing compressional or shear,
reflected compressional or shear, converted transmitted or reflected) and point, specified in a field of VSP
traces, hodograph is generated and the estimations of wave polarization of given wave type is calculated.
Designed hodograph is visualized in a field of traces. Then in given window the shape of wave is determined
and subtracted from each trace. For 3C data polarization from model is used for better selection.



In the second approach dynamic corrections and turning into optimal component is applied to wavefields
before selection. This technology is convenient for selection of offset VSP data , where the strong variability
of the wave hodographs shape is observed.

Estimation of acoustic impedances

For zero offset VSP separated waves after spike deconvolution in optimal component are dynamically
corrected to the depth of reflecting horizons in the well. This provides correct corridor stack for dipping
horizons. Due to inphase stacking wise spectrum (up to 150-200Hz) is usually achieved in primary
reflections. Primary reflections are then dynamically inverted with optimization procedure. The low
frequency content is extracted from model and mixed to primary reflections to provide true values of
acoustic impedances.

Imaging for offset VSP

It is obvious, that the quality and reliability of the received image after VSP data processing in scale of
depths essentially depends on reliability and accuracy of 3D model. Taking into account of all ray factors
while imaging in depth scale provides representative amplitudes and high quality of images.

The same ray tracing procedure is used to obtain images from PS upgoing and downgoing waves.

Processing examples

In a fig. 1 and fig. 2 the example of VSP data processing of near SP with use 1D-3D model is given. It is
obvious good similarity of the received curve acoustic impedances of VSP and acoustic logging curve.
(a) (b)

Time (s) Time (s)
0 1 2 0 1 1.6

Depth (km)
Depth (km)

Fig 1. Results of VSP data processing of near SP: (a) the initial VSP data, (b) the field of upgoing waves after
deconvolution moved out to a vertical.
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Fig. 2. Estimation of an acoustic impedance on a trace of the primary reflected waves received on the data in a fig. 1b,
and comparison it with the acoustic logging and geophysical well logging data.

In fig. 3a and fig. 3b the P and PS are depicted. In this example PS image may be treated as more
informative then P image in upper part of section.
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Fig. 3. The images of medium in scale of depths for compressional (a) and shear converted waves (b).



Conclusion

The estimation and application of the reliable 1D-3D models of medium at VSP data processing gave rise
to more detail images in true amplitudes. The wide class of models for nearborehole space may be correctly
formed and taken into account while processing and imaging of 3C data.
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Summary

Editing of spike and harmonic noises superimposed to seismic record is discussed. Proposed method is
based on the neural networks recognition. The static shifts in VSP records are corrected by combined entropy
minimization of two halves of two-dimensional spectrum. The methods provide the automatical
implementation.

AHHOTALUA

PaccmarpuBaercs MeTo pelaKTHUPOBAaHUS AJAUTUBHBIX U TAPMOHUYECKUX TMOMEX B CEHCMHYECKHUX
Tpaccax. MeTojJi OCHOBaH Ha aHaJIM3€ MPU3HAKOB, XapaKTEPU3YIOIIUX MOMEXY, U MPUHATUH PEIICHUS Ha
OCHOBE TIpeAllIecTBYyIOlIEro omnbiTa. l[lociie TpUHATHS pelleHHs O HaJuYUMU T[OMEXH TPOU3BOAUTCS
KOpPpEKUUsl y4acTKa Tpacchl, COAEpXkallero nomexy. Takxke MNpeaiokeH METOJ OLEHKH CTAaTHUYECKHUX
CIABUTOB B BOJHOBEIX ToJisix BCIL. Merox 6asupyeTcsl Ha MUHIMH3AITAN YHTPOITNH IBYMEPHBIX CIIEKTPOB.

BBenenue

Hanuuue mymMoB u cTaTUueckuX cIBUTOB B cedcMuyeckux 3anucsx BCII cyliecTBeHHO CHHMKaeT
Ka4eCTBO Pe3yJIbTaToB 00paboTKHU. [IpuMeHEeHHEe aNrOpUTMOB PEIaKTUPOBAHMS IIYyMOB C MCIIOJIb30BaHUEM
HEUPOHHBIX CETeW [ MX JOKaJIU3alUU TMO3BOISAET YCWIHTHh IIOJABJICHHE MHKOBBIX U JIOKAJIbHBIX
TapMOHMYECKUX IIYMOB TPH MHHUMAEHOM WCKOKEHUM ToJie3HoW wuHopmarmu. [lis Koppekuuu
CTaTUYECKUX CABUTOB MPUMEHEH METOJ OJIHOBPEMEHHOW MHUHHUMM3ALMKU 3HTPONHUU JABYMEPHBIX CIIEKTPOB
NajalliuX M BOCXOJALIMX BOJH. I[IpuBeAeHHbIE MMOAXOJbl MO3BOJSIOT aBTOMATU3UPOBATh IMPOILECC
pElaKTUPOBaHUA UCXOOHBIX IaHHBIX.

PenakrupoBanue celicMMueCKHX BOJHOBBIX T0JIeil ¢ MPUMeEHEeHUEeM HeliPOHHBIX ceTei

s GopbOBI ¢ THKOBBIMU BBIOPOCAMHM W HEIUHEHHBIMH HCKKCHHSIMH CEHCMHUYECKUX 3amuceit
WCTIONB3yeTCS METOJ, OCHOBAaHHBIA Ha JIOKAM3AllMU WCKaXXCHHS, €r0 OleHKE B OOJIACTH BBICOKUX YacTOT,
I/Ie OTCYTCTBYIOT CECMUYECKHE CUTHAJIBI, M BRIYUTAHUH U3 3aITHCH.

ITocrme BBICOKOYACTOTHON (UIABTpAIIMM TOJE3HBIH CHUTHAN IOAABISCTCS TOYTH TOJHOCTHIO, a
oTpunbTpOBaHHAA ceficMOrpaMMa TpEACTaBIsAeT COOOH CBEPTKY ITyMOBBIX HUMIYJIBCOB C COOCTBEHHBIM
mporieccoM GuIbTpa. s OIeHKN BpeMEeH W aMIUINTYJ IIYMOB NPHMEHSETCS MTEPaTHBHOE BBIYHWTAHHE C
YTOYHEHHUEM.

IIpu OTCYTCTBHM COCEICTBYIOLIUX HMITYJIHCOB TOYHOCTH OIPENEICHUS LIYMOB OYEHb BBICOKAS.
Opnako amst OJM3KO PaACIONOKEHHBIX UMITYJIbCOB PE3YJIbTaThl 3HAYUTEIHHO XYK€ - BILIOThH J0 YXYIIICHUSI
HCXOJHBIX NTAaHHBIX. Hp06J1eMa peui€Ha IMyTEM NPEABAPUTCIBHOTO PACIIO3HABAHUA IITYMOBBIX OTCYETOB, YTO
pPE3KO TOBHIIIAET OAHO3HAYHOCTH PE3yJbTaTOB. Pacmo3HaBaHUE IIYMOBBIX OTCUETOB BBIOJHSETCS C
WCTIONIb30BaHNEM HEHPOHHBIX CETEH 10 aNTOpUTMY C 00ydeHHEM.

Jnsa pacrio3HaBaHHMS NIYMOB KaXKABIH OTCUET 3allCH  XapaKTepU3yeTcs HEKOTOPhIM Habopom
mapaMeTpoB, MO KOTOpOMY Ipou3BoauTcsa Kiaccudukamusa. [lociae TOro, Kak IMOJOKEHHUS IIYMOBBIX
OTCYETOB HaWJIHBI, C IIOMOIIHI0 HHTEPIIOJISALNY MIPEIBAPUTEIHHO OlEHMBAEeTCA UX aMIUIuTyaa. Halinenarpie
TakuM 00pa3oM IapaMeTphl TIOMEXH TOJA0TCS Ha MPOIEeTypy HTEPAaTUBHOTO YTOYHEHUS U BRIYUTAHUS.

IMocne mpeaBapuTeIbHOTO O0YYSHHS Ha 3aJaHHBIX 00pa3ax ajJroputM paboTaeT He TpeOys HUKAKUX
JIOTIOTHUTENIBHBIX TAPaMETPOB.



Ha puc.1 nmpuBeneH npumep peiakTUPOBAHUS CUIBHBIX HETMHEHHBIX HCKaXECHUH.
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Puc.1. PegaktupoBanne MMKOBBIX BEIOPOCOB M HENMHEHHBIX HCKAaKEHUH B UCXOTHBIX JaHHBIX:
A) pparment ucxoanoro mons BCII, b) ¢dparment orpenakruposannoro momnst BCIL.

[t 60pbOBl C TapMOHUYECKMMH IIOMEXaMH, JIOKaJM30BaHHBIMH Mo BpemeHH (Puc.2), Taxoke
MIPUMEHSIOTCS. METOIbl pacrmo3HaBaHusi oOpa3oB. Mccienyemast ceiicMuueckast Tpacca pa3OuBaeTcs Ha
paBHbIE BpPEMEHHbBIC HMHTEpPBAJIbl, U AHAIN3UPYIOTCA UX CHEKTpbl. B mpomecce oOydenus Qopmupyercs
npuHOUN Kinaccupukanuu. [locre BBIABICHUS M JIOKAJIM3alMM MOMEXH II0 COCEJTHHUM Y4acTKaM Tpacchl
(dopmupyeTcs CclieKTpanbHBI 00pa3 MHTEpBaia, COACPIKALIECTO MOMEXY, U CTPOUTCS (QUIIBTP, TOAABIISIOIINHA
B HEM IIyMOBBIE YaCTOTHl. MeTOMKa IeHCTBYET JOKANbHO, HE MCKaXKasl II0JIE3HOTO CUTHAJIA BCEH Tpacchl, U
mocje TMpenBapuTeNbHOr0 OOydYeHHsT MOKET paboTaTh HaJ TOWCKOM U YCTpaHEHHEM NoMexu 0e3
MOJICTPONKHN BXOAHBIX apaMeTPOB.
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Puc.2. PegaktupoBaHue J0KalIbHBIX TAPMOHUYECKHUX IIIYMOB B UCXOOHBIX AaHHbIX BCII:
A) ucxopmHas 3ammch, b) 3ammce mocie peaaKTUPOBaHMUS.



Koppexnus 3anuceii BCII ¢ npuMeHeHHeM MUHIMH3AUM SJHTPONIUM ABYMEPHBIX CIEKTPOB
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Puc. 3 I'paduk 3aBUCUMOCTH YpOBHS SHTPOIHHU AByMepHOTO criekTpa noiist BCII oT caBUroB oTAETHHO
B3SITOM Tpacchl: A) B 30HE BOCXOJSIIUX BOJH, b) B 30He mazaromux BosiH. MUHUMYM 000UX TpaKOB
YKa3bIBaeT HA HCTUHHOE MOJI0KEHUE TPACCHI B MOJIE.
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Puc.4. Koppekius cTaTH4eCKUX MONPaBOK MUHUMU3ALMENH SHTPONIUN ABYMEPHBIX CIIEKTPOB!
A) mogensHOE BostHOBOE Tioie BCII ¢ BHECEHHBIMU CTaTHYECKIMHE CABUTAaMH, b) TByMepHBIN CHEKTp
mozenbHoro moist BCII co cnBuramu, B) ckoppexktupoBanHoe Mozenbpaoe mone BCII,
I') nBymMepHBIi ciekTp MozaenbsHoro BoaHoBoro nosist BCIT



HpezmomeH MCTOA KOPPCKOHU CTATUYCCKUX IIOIPABOK, OCHOBaHHBIM Ha MUHUMHU3AOUU SHTPOIIUHA

ABYMEPHBIX CIICKTPOB. I/IILGSI MCTOAAa OCHOBBIBACTCA HAa TOM, YTO HAJIUMYHC CHy‘IaﬁHBIX CABHUI'OB B HCXOJHOM
BostHOBoM Tojie BCII mpuBOIUT K BO3pacTaHUIO SHTPOIHM €ro JIBYMEpHOro crektpa. [Ilpu koppekuuu
CTATUYCCKUX CIBUTOB TapaJUIeIbHO MHUHHMHU3UPYETCS SHTPOIMUS CIEKTPOB B OONACTH TMaJaroluX |
BOCXO/ISTITUX BOJIH, U4TO MPEAOTBpAIacT crpsMieHue ocel cnadasnoctu (Puc.3).

Ha puc.4 npuenen npumep KOppeKLIHUH CTAaTHYECKUX CABUTOB Ha MPHUMEpPE MOIEIBHOTO BOJHOBOTO

noxns BCIL.

BriBoabI

[Ipennaraemblie METOABI PEIAKTUPOBAHMS U KOPPEKIIUHN TAHHBIX ITO3BOJISIOT:
3¢ (HEeKTUBHO yNAIHUTh aJJIUNTUBHBIC IIyMbl U HEIMHEWHBIC MCAXCHHUS M3 MCXOIHBIX CEHCMUYECKHX
3anucei ¢ MUHUMAITbHBIM HCKaXEHHEM IMOJIE3HOTO CUTHANIA;
paccuuTaTh M BBECTH CTaTW4ecKwe rmompaBku B BosHOBoM mosie BCII mpu oTCyTcTBHM 3amucei
KOHTPOJBHOTO TIpHOOpa;
ABTOMATHU3HUPOBATH MPOIECC MPe0OPaOOTKH HCXOMHBIX JAHHBIX;
MUHHMHU3UPOBATh yyacTue 00padoTUrKa B mpolecce nperoOpadoTKH TaHHBIX.
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Summary

Editing of spike and harmonic noises superimposed to seismic record is discussed. Proposed method is
based on the neural networks recognition. The static shifts in VSP records are corrected by combined entropy
minimization of two halves of two-dimensional spectrum. The methods provide for automatic
implementation.

AHHOTALUA

PaCCManI/IBaeTCSI METOJ PCAAKTUPOBAHUSA ANJUTUBHBIX W TAPpMOHUYCCKUX IIOMEX B CelCMUYECKUX
Tpaccax. MGTOIL OCHOBAH Ha aHaJIU3€¢ MPHU3HAKOB, XapPAKTCPUIYIOMIUX IOMEXY, W MPUHATHU PCHICHUSA Ha
OCHOBC TIPCAIICCTBYIOMIETO OIIbITA. ITocme MPpUHATUA PCUHICHHUA O HaJIU4YuKU TIIOMCXU IIPOU3BOJUTCH
KOppCeKIUsA Yy4dYaCTKa TpacChbl, COACPIKAIICTO IIOMEXY. Taxxe MNpeAJIOKEH METOA OLCHKU CTATUYCCKUX
CIBHUI'OB B BOJTHOBBIX ITOJIAX BCII. MCTO,Z[ 633pr€TCH Ha MUHUMMU3AIUU SQHTPOIIUU ABYMCPHBIX CIICKTPOB.

Introduction

Presence of noise and static shifts in VSP seismic wave-fields essentially reduces quality of processing
results. Application of algorithms of noise editing with the use of neural networks for their localization
allows to strengthen suppression of peak impulses and local harmonic noises with minimal distortion of
useful information. The method applied for correction of static shifts is combined entropy minimization of
two-dimensional spectra. The resulted technology gives rise to automatic edit procedures.

Seismic wave-fields editing using neural networks

The method for peak impulses and nonlinear distortions editing in seismic records is based on
localization of distortion, its estimation in the of high frequency band and subtraction from record.

After a high-frequency filtration useful signal is suppressed almost completely, and filtered record
represents convolution of noise impulses with the filter. Iterative subtraction is applied for an estimation of
times and amplitudes of noise.

In the absence of neighboring impulses accuracy of definition of noise is very high. However for
closely located impulses results are much worse, up to deterioration of the initial data. This problem is solved
by preliminary recognition of noise samples, which sharply raises unambiguity of results. Recognition of
noise samples is carried out with the use of neural networks by algorithm with training.

While recognizing the noise, each sample of seismic record is characterized by some set of parameters
on which classification is made. When the noise samples are determined, their amplitude is preliminary
estimated with the help of an interpolation technique. These parameters of a noise samples used in procedure
of iterative specification and subtraction.

After preliminary training on the set images the algorithm works not demanding any additional
parameters.

On fig. 1 the example of editing of strong nonlinear distortions is shown.
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Fig.1. Editing of nonlinear distortions in the initial records: A) a fragment of initial VSP field,
B) a fragment of edited VSP field.

For the located in time harmonic noise editing (Fig. 2), methods of recognition are also applied. The
seismic record is divided into equal time intervals, and their spectra are analyzed. During training the
principle of classification is formed. After localization of noise, the spectral image of the noise interval is
formed using information from the adjacent intervals. Then the filter is constructed reducing the noise
frequencies. The technique operates locally, not affecting the useful signal. After preliminary training this
algorithm can search and eliminate the noise without any extra tuning.
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Fig. 2 Editing of local harmonious noise in initial records of VSP field:
A) initial records, B) records after editing.



Seismic wave-field correction using entropy minimization of two-dimensional spectra
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Fig. 3 scanning of entropy of two-dimensional spectrum of VSP field with varying shifts separately taken
record: A) in an area downing waves, B) in an upgoing waves. The minimum of both functions specifies the
true position of the record in the field.
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Fig. 4 Correction of static shifts by entropy minimization of two-dimensional spectra:
A) Synthetic VSP wave field with static shifts, B) a two-dimensional spectrum of synthetic VSP wave-field
with shifts, C) corrected synthetic VSP wave-field, D) a two-dimensional spectrum of synthetic VSP wave-
field



The method of correction the static shifts, based on entropy of two-dimensional spectra minimization
is offered. The idea of a method is based on the fact that presence of casual shifts in initial wave field VSP
results in increase of entropy of its two-dimensional spectrum. To correct static shifts it is proposed to
minimize the entropy of the two-dimensional spectrum of the wave-field simultaneously in downgoing and
upgoing waves domains. This allows to prevent straightening the phase correlation lines (Fig.3).

On fig. 4 the example of correction of static shifts is given. Highly reliable result is obtained.

Conclusion

Proposed approaches give rise to technologies providing:
e Suppression additive noise and nonlinear noise from initial seismic records with the minimal
distortion of a useful signal.
Automatic static correction of VSP wave-field in the absence of control device records.
Removing manual operations in the raw data.
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Summary

In this paper we introduce a seismic migration method based on an optimization approach. 3C VSP
seismic records are used as source data. As a result, a field of vector reflection coefficient is recovered. This
3C coefficient represents an image of the media. There are two significant features of the proposed method.
First, it uses input seismic traces as a source function in the back propagation problem. This allows us to use
initial data recorded only on the well. Second, a strong separation between migration and inversion
procedures guarantees an efficiency and stability of the algorithm constructed for a solution of the problem.
It is clear that in this approach the seismic field migrated to any vertical line in an object domain can be
processed by means of regular VSP techniques. So, reconstruction of the image of the media appears to be an
inversion procedure applied to migrated data on every vertical line in an investigated geological section. For
dipping horizons any other direction of the reconstructed profile may be applied. 3C surface data can be also
migrated in the same way.

AHHOTANUA

B pabote mpeanaraercst METOI MUTpAIlAK, OCHOBAaHHBIA Ha ONTHUMHU3AIMOHHON TTOCTaHOBKE. B KadecTBe
WCXOJHBIX JaHHBIX WCIONB3YIOTCA TpexkoMmoHeHTHeie Tpacckl BCIL. B pesynerate Qopmupyercs
n300pakeHHne cpenbl B BHJE BEKTOPHOTO Kod(hduimeHTa oTpakeHHs. MeTox XapakTepusyeTrcs ABYMs
OCHOBHBIMH YepTaMd. Bo-TIEpBBIX, HCXOMHOE BOJIHOBOE TI0JIE PACCMAaTPUBACTCS B 3a/1aUe TPOAOKCHHUS IO
C OOpaTHBIM BpEMEHEM B KayeCTBE WCTOYHHKA. OTO TIO3BOJIIET WCIOJIB30BaTh TOJBKO JIaHHEIE,
3apeTUCTPUPOBAHHBIE HA CKBAXKHHE. BO-BTOPHIX, YETKOE pa3leleHHe STAlloB MHTPAllMd W WHBEPCHU
rapanTupyetr 3¢GGEeKTHBHOCTh M yCTOWYMBOCTH AJITOPHTMA pemieHus 3amadd. OUYeBHIHO, YTO MPH TaKOM
MOJIX0/JIe MIPOJAOJDKEHHOE IT0JIC MOXKET OBITh MOABEPIHYTO CTaHAApTHON 00paboTke nanubix BCII Ha mo6oM
BEPTHKAILHOM CEUCHHH HMCCIEIyeMOI 00JIacTH, a MpoIecc MOCTPOSHUS U300paKeHUsS Cpelbl OKa3bIBACTCS
MPOLEAYPOH WHBEPCHH B KaXJIOM W3 TaKWX CeYeHWH. B ciydae HAKIOHHBIX TPaHUI] MOTYT OBITh
WCITOJIB30BaHBI CEUYCHUS MPOM3BOJBHBIX HampaBiieHWH. [IpemmoxeHHas mporenypa Takke MPUMEHHMAa U K
BEKTOPHBIM JIaHHBIM Ha3eMHOM ceilicMOpa3BeIKU.

1. ITocTraHoBKa 3aga4u

B pabore mpemmaraercs merton murpanmu [1], OCHOBaHHBI Ha ONTHUMH3AIIOHHOW IOCTaHOBKEe. B
KadecTBEe HCXOMHBIX ITaHHBIX HCIOJB3YIOTCS TPEXKOMIIOHEHTHBIC (BekTopHBIE) Tpacchl BCII B cxeme ¢
MMOBEPXHOCTHBIM HCTOYHHMKOM. [Ipeamomnaraercsi, 9ro ampuOpHO 3ajaBaeMasi OMOpHas MOJENb CPEIbl
MPaBUIBHO OTPaXKaeT OCHOBHBIE CKOPOCTHBIE MapaMeTphl pa3pe3a. dopma UMITyIbCa HCTOYHUKA CUUTACTCS
HEU3BECTHOM.

[Ipexxne deM mepexoauTh K MaTeMaTHUECKOW IOCTAaHOBKE 3aJayd, AaJUM KAa4eCTBEHHOE OITMCaHUE
npeanaraeMoro noaxona. [lepBbIM OCHOBHBIM MOMEHTOM METOa SIBJISIETCS TO, YTO 3aPETUCTPUPOBAHHOE HA
CKBaXMHE BOJHOBOE IMOJIE MCIOJB3yeTCs HE KaK KpaeBoe ycioBHe [2], a KaKk MCTOYHHMK BOJIH B 3ajaue
TIPOIOJDKEHUS ¢ OOpPaTHBIM BpeMeHeM. Takoi Moaxo ] TEOPETHIESCKH CHUMAET IIPOo0JIeMy 3aIaHUsT HCXOTHON
rH(pOpMAITUH TIPU HEMIOJIHOHN anepType U 3HAHUSI BBIBOSIIINX MTPOU3BOIHBIX.

Bropoit ocHOBHO# 4epToil mpeuiaraeMoro MeTona SBJISIETCS YETKOE pa3/ielieHHe 3TallOB MUTPAIUN U
WHBEPCHU BEKTOPHBIX IMOJIeH. Jlemo B TOM, YTO TPOAODKCHHE CEHCMHYECKOTO IO CO CKBaXXUHBI B
ONIOPHYIO CpeAy SBISETCS JUHEHMHOW 3ajmadeid. HecMmoTps Ha TO, 4TO 3Ta 3ajJadya HEKOPPEKTHA, YIACTCs
MMOCTPOUTH YCTOWYMBBIN METOJ| e¢ pelieHus. 3ajada MOCTPOCHUS M300paKECHUS CPEMbl, TO €CTh WHBEPCHUS
MIPOJIOJKEHHOTO TIOJISA, SIBJSIETCS HENMHEHHOW M Takke HEeKOppeKTHOH. [lockombKy anst pelieHus 3Tod
3a/1ayd MOXXKHO TIPUBJIEYh CYIICCTBCHHYIO alpHOpHYI0 HHGOPMAIMIO O Cpele, TO TaKoe pas3iciicHue



MUTpallMd M HMHBEPCUU OKasblBaeTcsi Hambomee »ddexkTuBHBIM. Kpome Toro, mpu TakoM MOAXoze
MIPOJIOJDKEHHOE TI0JIe MojBepraeTcs oOpaboTKe B pexuMe CTaHaapTHoW mHTeprnperanmu aaHHeix BCII Ha
CKBakuHe. Takasi CKBaXKHHA SIBISIETCS, OYEBHIHO, BOOOpakaeMoi, a caM MpoLecc MOCTPOCHUS N300paskeHHS
Cpeabl OKa3bIBACTCS MPOLEAYPOil HHBEPCHH B KQKIOM M3 CEUCHH, KaK MPaBUIIO, BEPTHUKAILHOM.

[Iyctp pactipocTpaneHue ynpyrix BOJH B paccMaTpuBaeMoi o0nacTu () OMUCHIBACTCS ypaBHEHUEM

u, —Lu=f, reQ, te[-,T],

rae u(r,f) — BekTop cMemieHuil, L — omeparop Jlamd B HeomHopomHo# cpene, f(r,f) — wucTOUHUK
kosiebanuil. OnepaTop ynpyrocTd L COOTBETCTBYET HEM3BECTHOM Cpele C aKyCTHYECKOH JKECTKOCTBIO X =
#(K), KOTOPOii COOTBETCTBYET BEKTOPHbII Koddduiment orpakenus k(r) = — (2x) 'V .

3agaHre OMOPHOW MOJENH Cpelbl C KECTKOCTBIO J4, COOTBETCTBYIOIICH KOAXPPHUINEHTY oTpaskeHHs Ko,
oIpenenseT L° TaKoM, 4TO

utt—L°u+li5k=f, reQ, tel[-,,T], (1.1)

rze R - TEH30p, BRIpAXKAIOMIHiics depes Tersop Hanpsvkennii 6(u’), u’ — pemenne (1.1) mpu k = K’

Ha rpanmme oOnactu () 3amaroTCsi TUCCHIIATHBHBIC YCIIOBUS, COOTBETCTBYIOIINE OTCYTCTBHIO
OTPaXCHHBIX BOJIH. HavanbHbIe ycIOBUS MoJlaraloTcsi HyJeBbIME. B kadecTBe MCXOMHON MH(DOpMAHU st
MPOLIETypBl MUTPALIMH 33/1a€TCSI BEKTOPHOE T0JIe CMEIIEHHI Ha CKBa)KMHE — MHOXKeCTBe Q) (X

u(r,t)=u(r,t), reQ, te[0,T].

OKoOHUaTeNbHOH 3aa4uell BISETCS MOCTPOSHHE H300paKEHHs CPEeIbl C aKyCTHUECKUM HMIenancom s K)
U OTIpeNieieHre BeKTOpHOTro Koaddurrenta K(r) B kaxmoit Touke r odmacta Q\Q).

2. I[Ipomo.,keHHe BOJHOBOIO MOJS

Bynem uckath MpOJO/DKEHHE BOJHOBOTO MOJst U ¢ MHOXKecTBa () Ha () Kak Takoe IoJe, KOTopoe, ¢
OJIHOM CTOPOHBI, HAMMEHEE YKIOHSETCS OT U Ha )i, a ¢ APYroM, sIBJSETCS BOJHOBBIM IOJIEM B 00JACTH
O\Q,. [IponomkeHHOe TakuM 00pa3oM mose u(r,?) SBISETCS PEIICHUEM CIICAYIOUICH BapHallMOHHON 3aaun
C OTPaHUYCHUSIMH:

T
J(u) = J. I ||u—ﬁ||2 drdt —>min pu u,—L'u=0, reQ, te[0,T], (2.1)
0Q "
Y BBITIOJHSAIOTCS AUCCUTIATHBHEIE TPAHUYHBIE YCIOBUSI.

Jlnst perieHust 3ToM BapuallMOHHOW 3a1a4M MCTI0JIb30BaH METOI MHOXUTeNel Jlarpanika.

U3 paccMOTpeHHs: BapHallMOHHOM 3a1a4n MokHO Haiith grad J(u) . 3Hanue rpaaueHta (yHKIHOHATA
J(u) TO3BOJIIET TOCTPOUTH MNPONODKEHHOE MOJE€ Ha OCHOBE HTEPALMOHHOIO METOAa MHUHUMM3ALUH.
[IpakTrika TmOKa3pIBa€T, YTO YK€ IMepBas WTepanus MJaeT JOCTaTOYHO XOpollee MNPUOIIKEHHE K
MIPOIOJKEHHOMY TIOJI0. JTO OOBSCHSETCS TEM, YTO MEpBasi UTEPAIUsl MOTHOCTBIO COACPIKUT WHPOPMAIHIO
00 OZHOKPATHO OTPaKEHHBIX BOJHAX.

Jlns Hauana Tpoleayphl MHHUMH3ALHMK TpebyeTcs 3a1aTh HayaibHOE MPUOIMKEHHE u'. 3agagiM ero
KaK pelieHne ypaBHeHHS

u,—Lu=x(Q)(u-1), reQ, te[0,T], (2.2)
C HyJIEBBIMH HaYaJIbHBIMA YCIIOBHSAMH TIPH ¢ = T ¥ TUCCUITATUBHBIMU TPAHUYHBIMHU yCIIOBHSMU.
U3 (2.1)—(2.2) naxomum, uto grad J(u) = —u? . Otcrona, corimacHO METOY CITyCKa MpH Iare o, IMEeM

u =u'+ou!, reQ, re[0,T].

3. HuBepcusi Npoao:KeHHOT0 MOJIs

3amady MoCTpOEHHS M300paKEHUsI CPebl 0 BEKTOPHOMY IIOJIIO0, 3apPETNCTPHPOBAHHOMY Ha CKBAayKHHE,
chopmynmupyeMm crenyromuM obpasom. Haiiti Takoir kosdduiuent orpaxkenus k(r) B oomactu €, 4To0bI
COOTBETCTBYIOIIEE MY IOJIE U = Wy HAMMEHEee YKIOHsuIoch oT U Ha Q; mpu ¢ € [0,7]. Takas mocraHoBKa
MPUBOJIMUT K 3aJaue MUHUMHU3AUK 1o K ¢pyHKIHMOHaNa

T
~ |2
O(k)=[ [|u—i| drdt npu w,—Lu=0, reQ, te[0,7]. 3.1)
09
O‘lCBI/IZ[HO, 4TO PpCHICHUC 3TOM 3aaud IMPUBOAUT K TaKOMY IKE pe3yJibTaTy, YTO W HHBEPCUAL
poJoKkeHHOTo oM. dyHKuMoHan (2.1), onpenensonrii IpoI0DKEHHOE 0T, ABISASTCS KBAAPATHIHBIM,



a (3.1) mer, mosToMy pemeHue 3afgauu (2.1) npeanouyrurenpaee. CreayeT 3aMeTUTh, 4To (hyHKIHMoHANT (3.1)
obsaaeT CIIeyONMM BaKHBIM CBOMCTBOM, BBITEKAIONIMM U3 MTPUPOJIBI pacCMaTpuBaeMoii 3amaun. Ecmu U
3aJIlaHO TOYHO, TO (3.1) UMeeT eIMHCTBEHHYIO TOUYKY MHHUMYMa, B KOTOPOH @, = 0.

AHanu3 mpoJ0IDKEHHOTO OIS TIOKa3bIBAET, YTO €r0 0COOCHHOCTH OTPa)KaroT HAJIMYHEe paccerBaTeNe B
omopHo#l cpene. st ux ompeneneHUS pacCMOTpUM TMpoILenypy MuHumusanuu Qyskiuonasa (3.1) ¢
IIOMOINBI0 METO/Ma TPaAMeHTHOTO ciycka. Ilpm moctpoenmnm tpaawmenta @D(K) wucmomb3lyemM MeTON
mHOxuTenei Jlarpamxka. OxaspIBaeTCs, YTO MHOXHUTENb JlarpaHa yIOBIETBOpSET TOH ke 3agade ¢
00paTHBIM BpEMEHEM, UTO U LIS MPOIOIHKEHHOTO TOJIS.

HeranbHoe paccMmoTpenue 3amaun MuHumu3aimu @O(K) mnospomser 3ddexkTuBHO pemuTh 3amauy
noctpoenns grad ®(K) . Meroxn rpaauenTHOro crycka B Touke k’ 1aet creyromiuii pe3ybrar:

T
20, ¢ - .
ok = —Ojc(uo)uodt, rie ap: J(u’+au)) - min. (3.2)
0 0 “
®dopmyna (3.2) mokaspIBaeT, YTO MPOJOKEHHOE BOJIHOBOE ITOJIE OJHO3HAYHO OIPEAEIISICT BEKTOPHBII
KO3 GUITUSHT OTPakeHHUs. 3aMETHM, YTO B OJHOMEPHOM CKaJIIpHOM BapuaHTe Gopmymna (3.2) naer:

T
Sk(x) = (k") -2 [ e . (3.3)
ox 3,
e Bemmunna c(k) 3PeKTHBHO Ompeensercs.

4. YucjeHHoe MOeIMPOBaHHeE

st onpoboBanus pa3paboTaHHOTO MeToa ObUT MPOBECH CIEAYIOMINH BEIYUCIUTEILHBINA SKCTIEPUMEHT
B cpene ¢ onHOM rOpU30HTAIBHON TpaHUIle pas3jena A UCTOYHUKA MPOJIOTBHBIX BOJIH, PACIOJIOKEHHOM
Ha ypaigeHud 500 M OT BepTHKaNbHOHM CKBaXMHBI paccuntaHo BekTopHoe moise BCII (puc.1) B uHTEpBase
ryoun 10—870 m. CKOpocTH HpOIOJBHBIX BOJH B BEPXHEM W HIDKHEM CJIO€ PaBHBI cooTBeTcTBeHHO 2000
M/c 1 3000 m/c, CKOpPOCTM MONEPEYHBIX BOJIH B3ATHl BIBOE MEHBIIMMH, IUIOTHOCTH BO Bceil oOnactu
IIOCTOSIHHA.

800 1000 0 200 400 600 800 1000
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Puc.1. MogensHoe BostHOBOE ToJie. ClieBa X-KOMIIOHEHTa, CIIPaBa z-KOMIIOHEHTA.

Pemrenvie ypaBHEHHS paclpOCTpaHEHUs YIPYTHUX KOJNEOaHWH OCYIIECTBISIOCH METOIOM KOHEYHBIX
pa3HOCTEH ¢ MpUMEHEHHEM KOHCEPBATUBHOM pa3HOCTHOU cxeMbl [3]. Pasmep mpocTpaHCTBEHHOM sUEHKU 110
00enM KoopJauHATaM ITOJO0XKEH paBHBIM 1 M, mar guckperm3auu mo Bpemern — 0.2 mc. s uCKIroYeHIs
BIIMSIHUSI TPAHUI] PacueTHOM 00JlacTH Ha pe3yNbTaT MOICITHPOBAaHUS ObLIM MCIOJIB30BaHBI HEOTPAKAIOIINE
KpaeBble yCIOBHS BTOPOTo nopsaaka [4].

BomHOBOE TONE, BBIUMCIEHHOE NPOAODKEHHEM B OOpaTHOM BpEeMEHM Ha (UKTUBHOM mpoduie,
ynaneHHoM Ha 100 M OT CKBaXKWHBI B CTOPOHY ITYHKTa BO30YKICHHUS, IpUBEAcHO Ha puc.2. M3o0pakenne
cpenbl B popMe BEKTOPHBIX KOI(D(UIMEHTOB OTpa)keHUs] C(OPMHPOBAHO IO YNPOIIEHHOMY alTOPUTMY B
cootBeTcTBHU C (3.3). Pesynprupyronue n300paxeHns B IBYX KOMIIOHEHTaX IMOKa3aHbI HA pHUC.3.
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Puc.2. HpOI[OJ'I)KeHHOG BOJIHOBOC I10JIC (06paTHO€ BpeMﬂ). CneBa X-KOMIIOHCHTA, CIIpaBa z-KOMIIOHCHTA.

YoaneHwe oT CKBaXWHbI, M YpaneHue oT CKBaXWHBI, M
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Puc.3. U300paxxenue paspesa. Cresa X-KOMITOHEHTA, CITPaBa z-KOMIIOHEHTa KO3((QUIIUCHTA OTPasKECHUSI.

5.

BriBoabI

B pabore npemioxken meron murpanud 3C BOJHOBBIX TOJICH, MO3BOJSIONINA CTPOUTH H300paKeHUE
Cpelpl, SBISIONIEECs, MO CYTH, BEKTOPHBIM KOA(hOUIIMEHTOM OTpakeHUs. Pe3ynmbTaT MOATBEpKICH Kak
TEOPETHUYECKH, TaK M BBIYUCIUTENHFHBIM JKCIIEPHUMEHTOM. ABTOPHI IOJIATaf0T, YTO BO3MOXKHO TIOJYyYECHHE
AHAJIOTHYHOTO HM300pakeHHsT sl Kod(QUIMEHTa OTpaKeHWs s TomepeuHbIX BoiH. Kpome Toro,
BO3MOYKHO MPUMEHEHHUE TAKOTO MOIX0/1a U K TPEXKOMIIOHEHTHBIM JaHHBIM Ha36MHOU CeHCMOpa3BEIKU.
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Summary

In this paper we introduce a seismic migration method based on an optimization approach. 3C VSP
seismic records are used as source data. As a result, a field of vector reflection coefficient is recovered. This
3C coefficient represents an image of the media. There are two significant features of the proposed method.
First, it uses input seismic traces as a source function in the back propagation problem. This allows us to use
initial data recorded only on the well. Second, a strong separation between migration and inversion
procedures guarantees an efficiency and stability of the algorithm constructed for a solution of the problem.
It is clear that in this approach the seismic field migrated to any vertical line in an object domain can be
processed by means of regular VSP techniques. So, reconstruction of the image of the media appears to be an
inversion procedure applied to migrated data on every vertical line in an investigated geological section. For
dipping horizons any other direction of the reconstructed profile may be applied. 3C surface data can be also
migrated in the same way.

AHHOTANHSA

B pabore mpemnaraercs MeToa MUTpally, OCHOBaHHBIA Ha ONTHMH3AIIMOHHON ITOCTaHOBKE. B kadyecTBe
WCXOAHBIX IAaHHBIX WCIONB3YIOTCA TpexkoMmmoHeHTHeIe Tpacckl BCIL. B pesymprate Qopmmpyercs
n300pakeHUe cpelbl B BUAE BEKTOPHOTO KOX(PQHIMEHTa OTpakeHHs. MeTon XapakTeph3yeTcsl ABYMs
OCHOBHBIMH 4epTaMu. Bo-TIepBBIX, NCXOAHOE BOIHOBOE ITOJIE PACCMaTPUBAETCS B 3a/1a4e MPOJOIHKEHUS IO
c o0OpaTHBIM BpeMEHEM B KadecTBe WCTOYHHKA. OTO IIO3BOJIIET WCIOIB30BaTh TOJBKO JaHHBIE,
3apeTUCTPUPOBAHHBIC Ha CKBAaXXUHE. BO-BTOpI)IX, YCTKOC pa3aciCHUE OJTallOB MUIpallii W HWHBEPCHUU
rapanTupyetr 3(Q(QEeKTHBHOCTh M yCTOMUMBOCTH alropuTMa pemieHus 3agadu. O4YeBHUIHO, YTO MPH TaKOM
MTOIX0JIe TIPOAOIDKEHHOE IT0JIe MOXKET OBITh MOABEPTHYTO CTaHAApTHON 00paboTke nannbix BCII Ha mobom
BEPTHKAIFHOM CEYEHHH HCCIIETyeMOil 00acTH, a MpoIecc MOCTPOSHUS N300pakeHus Cpelpl OKa3bIBAeTCsS
MPOLEAYPOH HMHBEPCHH B KaXJIOM W3 TaKWX CeYeHUWH. B ciyyae HAKIOHHBIX TPaHUI] MOTYT OBITh
WCTIONIb30BaHbl CEUCHUS MPOUM3BOJBHBIX HampaBleHwid. [IpeanoxkeHHas mpolenypa Takke MPUMEHHMa U K
BEKTOPHBIM JIAHHBIM Ha3eMHOM ceficMOpa3BelIKH.

1. Introduction

In this paper we introduce a seismic migration [1] method based on an optimization approach. As input
data 3C VSP seismic records are used for a source located at the daytime surface. It is supposed that an
a priori reference model has right kinematical characteristics. A pulse form is a given function.

Let us give a preliminary description of proposed approach before a strict mathematical formulation of
the problem is made. The first main concept is that a measured wave-field is used not as a boundary
condition [2] but as a wave-field source for a reverse time propagation problem. Such an approach
theoretically removes initial conditions and aperture failures.

The second concept is an algorithm stages division into wave-field migration and inversion. A wave-
field continuation from a well to a media is a linear problem, but it is also incorrect. In spite of an
incorrectness of the problem it is possible to propose a stable method of its solution. A section imaging
problem, i.e. a continued wave-field inversion, is a nonlinear incorrect problem. The described division of
the algorithm is the mostly effective approach because of an essential a priori information about media
characteristics is known. Furthermore, with such approach, it is possible to apply standard VSP processing
and interpretation techniques to the migrated wave-field. So, the section imaging process can be considered
as an inversion on every vertical line located inside current media domain.

Let us consider the wave propagation problem in terms of elastodynamic formulations as follows:



u, —Lu=f, reQ, te[-,T],
where u(r,?) is a displacement vector, L is the Lame’s operator in an inhomogeneous media, and f(r.?) is a
source function. An operator L corresponds to an unknown media characterized by an acoustic impedance
= s(K), where k = k(r) = — (22) 'V is a vector reflection coefficient.
Specifying a reference model with an impedance 4, corresponding to a reflection coefficient ko defines
an operator L° such as

utt—L°u+li5k=f, reQ, tel[-,,T], (1.1)

where R is a tensor defined through a stress tensor 6(u’), u” is a solution of (1.1) if k = k’.

Non-reflecting boundary conditions are applied for an object domain €. Initial displacements are
supposed to be zero. As a source information for the migration procedure, vectors of displacements on a well
Q, c Qs taken:

u(r,t)=u(r,t), reQ, te[0,T].

Thus, a final problem is a reconstruction of an image of a media with an acoustic impedance s(k) and
recovering of a vector coefficient k(r) at each point r of the domain Q\Q,.

2. Wave-field migration

Let us determine the migrated wave-field for source data u from the domain Q; to Q as a wave-field
which yields the best approximation for u on €; and satisfies to the Lame’s equation in the domain Q\Q);.
This migrated wave-field u(r,¢) is a solution of the following variation problem with constraints:

T
J(u)= J. J. ||u —ﬁ”2 drdt — min, subject to u, -u=0, reQ, te[0,T], 2.1
00, !
and non-reflecting boundary conditions. This variation problem was solved by means of the Lagrange
coefficients method.

A solution of the variation problem yields a value of grad J(u). It allows us to construct the migrated
wave-field using an iteration minimization techniques. In practice, even the first step gives an acceptable
approximation for the migrated wave-field. This can be explained by the fact that the first iteration actually
includes full information on primary reflections.

To start the minimization procedure it is necessary to specify an initial approximation u’. We define it as
a solution of the following equation

u,—Lu=x(Q)(u-1), reQ, te[0,T], (2.2)
which satisfies to zero initial conditions when ¢ = T and non-reflecting boundary conditions.

Formulations (2.1)~(2.2) lead to: gradJ(u)=-u’

.- Then, according to a gradient minimization

procedure, we have for a step a:
u' =u’ +a0u?, reQ, te[0,T].

3. Inversion of the migrated wave-field

Let us define the imaging problem as the following: in the domain Q to determine a reflection coefficient
Kk(r), such as corresponding wave-field u = uy provides for the best approximation for u on Q; as ¢ € [0,T].
This statement leads to the following minimization problem:

T
®(k) = [Ju—il drdt, subject to u,—Lu=0, reQ, te[0,T] 3.1)
09
It is obvious that the solution of this problem produces the same result as the inversion of the migrated
wave-field. Function (2.1) defining the migrated wave-field is quadratic, while function (3.1) is of a higher
order. So, we would rather deal with the problem specified by (2.1). Note that function (3.1) has the
following important property originating from a nature of the investigated problem. If the field u exactly
corresponds to the media, then function (3.1) has only one point of the minimum and ®@,;;, = 0.
Analyzing the migrated wave-field we can see that it responds to the main characteristics of the reference
media. To determine them we define a gradient minimization procedure for function (3.1). Also we use the
method of the Lagrange coefficients for a construction of the ®(k) gradient. The appropriate Lagrange



coefficient appears to satisfy to the same reverse time problem as was defined earlier for the migrated wave-
field.
The detailed analysis of the minimization problem allows us to construct grad ®(k) . Then we apply the

gradient method at point k° that yields the following result:

2a, [ :
ok = ﬂJ‘(r(uo)uoa’t, as ap: J(u'+au))—> min.. (3.2)
0 0
Formula (3.2) shows that the reflection coefficient is directly defined by the migrated wave-field. Note

that for the one-dimensional case formula (3.2) yields:
T
2
Sk(x) = c(k")i [l o) dr, (3.3)
ox

where a value of ¢(k°) can be efficiently computed.

4. Numerical modeling

The following numerical experiment is performed to test the proposed method. We consider the media
with one internal horizontal boundary and generate the synthetic 3C VSP wave-field in a depth range of 10—
870 m (fig.1). A source of P-waves is located at the upper boundary of the domain at a distance of 500 m
from the vertical well. P-wave velocities in the upper and lower layer are 2000 m/s and 3000 m/s,
respectively, S-wave velocities are equal to the half of the P-wave velocities, a density is constant in the
whole domain.

0 200 400 600 800 1000 0 200 400 600 800 1000

Fig.1. Synthetic wave-field. X-component is on the left, z-component is on the right.

For computation of synthetic traces we use a uniform finite-difference scheme for the elastodynamic
equation [3]. A spatial grid size for both coordinates is 1 m, a discretization step for time is 0.2 ms. To
prevent spurious reflections from the domain boundaries non-reflecting boundary conditions of the second
order [4] are used.

The solution of the reverse time problem is measured along a vertical profile located between the shot
point and the well at the 100 m distance from the well. The corresponding wave-field is shown in fig.2. The
imaging procedure is performed through the simplified algorithm based on formula (3.3). The resulting
image of the media presented as a two-component vector reflection coefficient is given in fig.3.
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Fig.2. Migrated wave-field (shown in reverse time). X-component is on the left, z-component is on the right.

Fig.3. .Image of the section. X-component (left) and z-component (right) o
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Conclusion

The migration method for 3C wave-fields is presented in this paper. It provides for a reconstruction of an
image of a media, which is actually a field of a vector reflection coefficient. This result is confirmed
theoretically and by numerical modeling. Furthermore, a possibility of an imaging by a recovered S-wave
reflection coefficient is also supposed. There are no reasons not to apply the same approach to surface 3C
seismic data.
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