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B BsepeHve

[eochnankm B Hawm AHW Bce Borblue 3aHTepecoBaHbl B aMmnnmTyaax
BbIXOAHbIX AaHHBIX MUTrpaLyu, Yem Koraa-nnéo. AMMIUTYOb! NOMYHEeHHbIX
nocrne Murpauum cefcmorpamm UCNonb3yloTCA ANA pacno3HaBaHWA
reonorn4YecKmX XapaKTepUCTVK CBOCTB pe3epByapoB, a Takxke AnA
aHanusa 3aB1CUMOCTY amnnnTyg OT yaanenua (AVO).

OpheKTMBHOE UCMOMb30BaHNE 3TUX TEXHOMOMMIA BO MHOMOM
3aBUCUT OT OTHOCUTESIbHOWM TOYHOCTU 1 CTAOUIIBHOCTU aMnnnTyL,
MUIPUPOBAHHBIX cercmorpamm. HecmMoTpAa Ha Bce yeunua no
COXPaHEeHUIO aMNIUTYL BHYTPY anroprTMa Murpaumum, reoMeTpus
CbeMKM (Crneabl pacCTaHOBKYM TPAcC) UCKaXKaeT pesynbTar 1 AenaeT
aHanua3 amMmnanTyL COMHUTESbHbIM.

[eomeTpuA TpexMepHbIX Npocunent Ha3eMHOM CbeMKMN 0COHEHHO
BIMAET Ha pe3ynbTupytowme amnnutyasl. B ugeane, Ham xotenocb
6bl MONYYNTb AaHHbIE HA PETYNAPHO CETKE C MOMHLIM ANanasoHoM
odpceToB Ha kaxayto OI' T. Takon BapMaHT BO3MOXEH TOMbKO Ha
MOZefbHbIX AaHHbIX. B peanbHOCTH, NCKaXKeHue, Bbl3BaHHOE
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Puc. 1: WcxogHble Tpacchl Ha BbiHOcax 3200 — 4000

Figure 1: Map of input trace locations for offset range 3200 — 4000
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Hl Introduction

Users of seismic data today are more interested in the amplitudes of the
migrated data than ever before. The amplitudes of the output seismic gathers
are used for distinguishing geologic and reservoir properties as well as for
AVO analysis. The effective use of these technologies depends a great deal
on the relative accuracy and stability of the amplitudes in the migrated gathers.
Regardless of how careful we are in preserving the amplitudes within the
migration algorithm, the acquisition geometry of the traces can distort the
migrated amplitudes and render amplitude analysis very risky.

The acquisition pattern of 3D surveys can have a great effect on the
resulting amplitudes, especially in land datasets. In the ideal situation we
would like each offset to be acquired on a regular grid, and for each cdp
to contain all the offset ranges. This of course only happens in synthetic
surveys. The distortion created by the acquisition geometry is called the
acquisition footprint. It is the imprint left on the amplitudes by the irregular
spacing of the acquired traces. In this article we discuss technology that
significantly reduces the acquisition footprint as well as research we are
doing to make further progress in this area.
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reoMeTpren CbeMku HasblBaeTcA 3PEeKTOM CNeaoB pacCTaHOBKM
(acquisition footprint). 3To oTneyYaTok, OCTaBNEHHbIV HA aMINUTYAax
HepaBHOMEPHbBIM PACMOSIOXKEHNEM NONYHEHHbIX TPACC MO NoLwaam
CBHEMKMU.

B 3701 CTaTbe paccMaTpuBalOTCA TEXHOMOMMA, B 3HAYUTENbHON
Mepe yMeHbluatoLwan BAMAHME CNEe0B PacCTaHOBKMU, A TaKKe HOBble
pa3paboTKu, BeLyLUMecA HaMM B 3TOM HanpaBieHuu.

Il /[IBe CTOPOHbI OgHOM Npo6nembl

[NepBana COCTOMT B TOM, HYTO Ha KaXkaoM 0chceTHOM B1He, Tpacchl
pacnonoXeHbl C Pa3nMYHON NNOTHOCTLIO. Ha NpakTuke Takyto Moaenb
MOYXHO MOCTPOUTL NyTeM 06beANHEHUA ABYX Pa3/IUYHbIX FEOMETPUIA
CBHEMOK B OAHY U, Kak pe3ynbTar, Noy4YeHVA PaioHOB C NEPEKPbITUEM.
BTopan - B TOM, YTO GRMXKHWIA, CpeaHUin 1 fanbHUi odbceThl aepxar
HeoaMHaKoBOe KoIMyecTBO Tpacc. Hanpumep, 6rimdkHU ochceT MOXeT
coaepXKaTb TOMbKO OAHY AECATYIO YacTb KONMYECTBa TPacC CPeaHero.

OTa pasHuua B NonynAumMM Tpacc Bbi3bIBAET COOTBETCTBYIOLIME
pasHULbl BaAMMNANTYRaX0OTMUTPUP O BaHH bl X CEACMOrpaMm.
OdpceTbl C MEHBLUMM KONIMHECTBOM Tpacc UMELOT cnabble aMnuTyabl
Ha MUIPUPOBaHHbLIX CeicMorpammMax, B TO BpeMA Kak odpceThl C
60MbLUMM KOTMYECTBOM Tpacce — cusibHble. O6e 3T Npobnembl AOMKHbI
paccmaTpuBaTbCA AN MofyYeHUs KayeCTBEHHbIX aMnuTya nocne
MUrpaLmmn CEACMUYECKNX AaHHbIX.

Ha Puc.1 nokasaHa kapTa pacronoXeHus Tpacc Ha OAHOM O)CETHOM
61He cbemMku. [onybbiM 0OTMeYEHbI paioHbl 6e3 Tpacc, a 6enbim

— parioHbl ¢ 60MBLLIOW NNTOTHOCTBLIO Tpacc CbeMku. Ha Puc.2 nokasaHa
ructorpamma ocpcetoB. Puc.1 nokasbiBaeT TUMINYHOE pacnonoXxeHue
Tpacc no occeTam As1A Ha3EMHOWM CbeMKU. Kak BUAHO HauMeHbluee
KONMMYECTBO TpacC HaxoauTcA Ha BrivbkHeM u JanbHeM odceTax, a
Havborbluee - Ha cpegHeM . Takoe pacnpeaesieHve Tpace CyLweCcTBEHHO
BnMAET Ha aHanua AVO , NOCKOMbKY aMmnUTyabl UCKaXXatoTCA B CUITy
60MbLIOro paccenAHNA KOMYECTBa TPacC Ha Kaxkabl 0PCETHbIN BUH.
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Puc.2 [uctorpamma ogcetoB
Figure 2: Offset histogram
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Bl Two Problems Not Just One

There really are two dimensions to this problem. The first is that within
an offset bin the traces are not acquired at a uniform density over the
survey. This can be compounded by the common practice of merging
surveys which have different acquisition geometries and possible
overlap areas. The second problem is that the different offset bins
usually have very different populations. The near offsets may have one
tenth the number of traces in them as the middle offsets. This very

Weighting midpoint-offset space
A

Area of the polygon controls
the trace weight

In Lines

-

X Lines

Puc.3: MeTopg B3BeLMBaHMA NO NOMMIOHaM
Figure 3: Polygons used to build weights

large difference in trace population produces corresponding amplitude
differences in the migrated gather. The small population offsets

have weak amplitudes in the migrated gather; the large population
offsets have high amplitudes in the migrated gather. Producing useful
amplitudes from the migration requires addressing both of these
issues.
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XLINE
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Puc. 4: BpemeHoi1 cpes crnefoB pacCTaHOBKM Af1A OTMUTPUPOBaHHON rOPU30HTaSIbHOM FpaHuLbl Ha BbiHOcax 3200-4000
Figure 4: Time slice of migrated flat event showing acquisition footprint offset range 3200-4000
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Puc 5: BpemeHoW cpes cnenoB pacCTaHOBKY AJ1A OTMUMPUPOBAHHON FOPU30HTasIbHOM FpaHuLbl Ha BbiHOcax 3200-4000, Mcronb3yA MeToza
B3BELUMBAHWA MO MNONMroHam

Figure 5: Time slice of migrated flat event using polygon weights offset range 3200-4000
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KomneHcupoBaHue HepaBHOMEPHOro

pacnpepeneHun Tpacc BHYTPU KaXXaoro

ocpceTHOro 6MHa
OnwucanHbin Canning and Gardner (1) meToz, B 60MbLUMHCTBE CNyyaes
adhheKTUBEH ANA YMEHbLIEHWA NPo6nemMbl HEPBHOMEPHOTO
pacnpefeneHnA Tpacc BHYTPU KaXKaoro opceTHoro 6mHa. Ml
MMMNeMeHTUpoBany aToa MeToA B Tsunami Imaging Suite ¢
HebOonbLIMMM BapnaumAMM, KOTOPbIE NOBLILIAIOT CTabUILHOCTb
anroputMa . B Heckonbkmnx cnioBax, 3TOT METOf co3aaeT
MHOXECTBO BECOB, KOTOPbIE HanaraloTCA Ha BXOAHbIE TPacchl A0
pacyeTa Murpaummn. 3T Beca paccuMTbIBAOTCA NyTeM CO34aHNA
MHOXECTBa NMOMIOHOB BOKPYT KaXkA0W Tpacchl Ha noLaam odpeeTos.
Puc.3 Bec kaxaon Tpacchl onpeaenaeTcaA NpornopLyoHanbHO noLaam
MONMroHa B KOTOPOM OHa HaxoamTcA. [103ToMy 6/IM3KO PacnonoXXeHHbIe
Tpacchl UMEKOT MEHBLUMIA BEC, @ yaaneHHbIe Apyr OT Apyra 60MbLUniA.

YT06bl NPOAEMOHCTPMPOBATL 3TOT METOA, Mbl CO3A4aNIM MOAENbHbIE
[aHHble C MOCTOAHHOW (PyHKLIMEN CKOPOCTM Ha BCeM Kybe, apyrvmm
cnosamu V(z) HemameHHa. B aT1x gaHHbIX BCero ogHa ropusoHTanbHaA
oTpakatoLan rpaHuua. Ecnm bl Tpacchl Ha MOAESbHBIX AaHHbIX Oblin
CO3[aHbl Ha PaBHOMEPHON CETKE, NOCe MArpaLyn OTPaXKatoLLWIA CIIon
nmMen 6bl MOCTOAHHYIO aMnUTYAY. A Ha HaWMX AaHbIX pacrnpeneneHe
Tpacc nokasaHo Ha Puc.1 Heckonbko apyroii BeirAanT Murpauma
rOPU30HTASIbHOW OTpadKatoLLe rpaHunLibl C MOCTOAHHOW aMMnnNTyA0M

Ha BpeMeHHoM pa3pe3e Puc.4 3T1oT paspes nokasbiBaeT crneabl
pacCTaHOBKN CbEMKM , U MOITOMY B CpaBHeHUM ¢ Puc.1 ,kak un
0XVJanoch, 04eBUAHa ABHAA B3aMMOCBA3b MEXAY NMOTHOCTLIO
pacnpegeneHna Tpacc 1 amnmTyaaM OTMUTrpUpoBaHHoro cnos. Mocne
3TOr0 Mbl CO34aM MHOXXECTBO BECOB MCXOAHbIX AAHHbIX, PACCHUTAHHbIX
Mo NOAMroHam BOKPYr Tpacc v nepesanyctunu mrpaumio. Puc.5
nokasblBaeT pe3ynbTaT Ha BpeMeHHOM pa3pe3e. Ha aTom npumepe
BWAHO, Y4TO NPVYMEHeHne MeToaa B3BeLUMBAHNA TPACC Ha UCXOAHBIX
AaHHbIX, Nocne murpauym BblgaeT bonee NOCTOAHHbIE aMnNUTYab!
OTMUIPUPOBAHHOTO CoA. ATOT pesynbTaT TUNMYeH AnA MeToaa
B3BELUVBAHWA aMNnTym, PACCHUTAHHbIX MO MOMIMIOHaM.

Ha npoTA)eHUM MHOrvX fieT Mbl HEOQHOKPATHO SKCMEPUMEHTUPOBANU
CO CKanMpoBaH1eM OTMUTPUPOBAHHBIX TPACC , OCHOBbLIBAACH Ha pacyeTe
KOMMYeCTBa MPOCHMTaHHbBIX AMCKPETOB K AVICKPETY BbIXOAHOW
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Puc 6: MurpypoBaHHan cericMporpaMva 6e3 NpuMeHEHNA B3BELLMBaHUA
Figure 6: Migrated gather with no weights applied
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Puc 8: MurpvpoBaHHanA cercMorpamMma ¢ NpuMeHeHeM B3BeLIVBAHNA

1 HOpMann3oBaHHbLIX BECOB

Figure 1 is a trace distribution map of the traces within a single offset bin.
The blue areas show holes in the survey while the brighter white areas
show high concentrations of traces in the acquisition. Figure 2 is an offset
histogram showing a typical land survey offset population. We see very
few traces in the near and far offsets, and large numbers of traces in the
middle offsets. This type of distribution greatly distorts AVO analysis, since
the amplitudes will certainly be distorted by virtue of the large variance in
the number of traces within each offset bin.

Compensating for Uneven Trace

Distribution Within an Offset
The method described by Canning and Gardner (1) is generally effective
at mitigating the problem of uneven trace distribution within an offset bin.
We have implemented this method within the Tsunami Imaging Suite
with some minor variations which increase the stability of the algorithm.
In brief the method creates a set of weights that are applied to the input
traces prior to migration. These weights are calculated by creating a set of
polygons surrounding each trace within an offset plane, Figure3.
The trace weights are created proportional to the area of the polygons.
Roughly speaking, traces that are closer together receive lower weights
and traces that are further apart get higher weights.

To demonstrate the method we created a synthetic dataset that has a
constant velocity function throughout, in other words the V(z) function is
uniform. The synthetic dataset contains a single flat event. If the traces

in the synthetic dataset were created on a uniform grid, after migration,

the flat event would have constant amplitude. However, we created the
synthetic dataset with the trace distribution shown in Figure 1. Rather
than a flat event with constant amplitude, the migration produced the result
displayed in the time slice shown in Figure4. This time slice shows the
acquisition footprint because when compared with Figure1, it is obvious
that there is a significant correlation between the density of the traces and
the amplitudes in the migrated event. This is what we would expect. We
then created the input trace weights based on the polygon method, and
reran the migration. Figure5 shows the result displayed in the time slice.
We can see from this time slice that weighting of the input traces produces
much more consistent amplitudes in the migrated event. This result is very
typical of the results we see with the polygon weighting technique.
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Puc. 7: MurpypoBaHHaA cericMporpaMma C NpvMEHEHNEM B3BELLVBAHWA

Figure 7: Migrated gather with weights applied
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Puc.9: MurpvpoBaHHan cericMorpaMma ¢ npyMeHeHnem
cHanaHcpoBaHHbIX BECOB MO odhceTam

Figure 8: Migrated gather with weights applied and with weights normalized
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Figure 9: Migrated gather with balanced offset bins
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Tpacchl. 3T MeToAb! Tak U He CMOITIN NPeOCTaBUTb HaM XKenaemble
pesynbTaTbl, NOTOMY, YTO NPU BO3MOXHOCTU N3MEPUTL KOTMHECTBO
BXOJHbIX ANCKPETOB Ha OAVH BbIXOAHOW AVCKPET Tpacchl, MOTOM
HEBO3MOXHO CKannpoBaTb UX KOPPEKTHO, OCHOBLIBAACL HA METOANKE
N3MepeHnA aToro KonuyecTaa. BennunHa mmrpuposaHHoOM amnnnTyabl
04€Hb HenunHerHa. Ha Hee BNMAIOT HECKOMbKO (haKTOpPOB, TaKmX

KaK: CKOpPOCTHaA MoAesb, aHTManuacuHr punbTp, BpeMA Npuxoaa,
rnybuHa 3aneraHnA oTpaxkatoLen rpaHnLbl U OTHOLWEHWe CurHarn-
nomexa. [oaToMy HEBO3MOXHO co3AaTb 0AHY hyHKUMIO nepefaymn

, OCHOBbIBaACb Ha NMIOTHOCTU BXOAHBIX AUCKPETOB, KoTopan
KOPPEKTHO OTCKanupyeT BbIXOAHblE ANCKPETbI. EANHCTBEHHBIV BbIXOA,
— CKanvpoBaTb aMnanTyAbl BXOAHbLIX TPacC AnA KOMMeHcaumm nx
HepaBHOMEPHOM NIOTHOCTU.

KOMHEHcaLWIFI pasnvaoﬁ NAOTHOCTU

Tpacc mexay odceTamu
Kak BnaHo u3 ructorpammsbl (P1c.2) nnoTHOCTb Tpacc B 0pCeTHbIX
6uHax CyLeCTBEHHO pasnmM4aeTcA Npu GUHUPOBaHUM C PaBHOMEPHbBIM
Larom. Ha ructorpamMme npefcrasneHa TUNUYHaA Ha3eMHaA CbEMKa,
rAe Ha 6nKHUX 1 JanbHnx odiceTax He XBaTaeT ANCKPETOB, Mo
CpaBHEHMIO CO cpeaHUM odoceToM. MoaToMy aMnanTyabl 65IMDKHErO n
fanbHero odceToB cnabble OTHOCUTESILHO aMnnTya, cpeaHero oeeTa.
Puc. 6-9 nokasbiBaloT aMnnTyabl, NONyYeHHbIe Nocne Murpaumm
MOAESbHbIX AAHHBIX C FOPU3OHTANTBHON rPaHNLIEN C NPOCTPAHCTBEHHbBIM
pacnipegeneHvem, TUnM4HbIM AnA Pue.1 n nnoTHOCTLIO Tpace,
noKasaHHOW Ha rmcTorpaMme. [1nA AaHHOW OTpadKatoLLen rpaHnLbI,
pacnipegenenne AVO fomkHO 6bITb paBHOMEPHBIM, a Ha Puc.6
Mbl BUAUM 0BbIYHOE pacnpeaeneHne, koraa 6nmxkHe n aanbHne
odpceTbl cnabee, NOTOMY Kak coaep>kaT HebomnbLLIOe KONMYECTBO
Tpacc B 6uHax. Ha Puc.7 nokasaHbl pesynbTarbl Nocne NpuMeHeHnA
MeToAa B3BELUMBAHWA MO MOMNIoHaM, ONMCaHHOrO Bbille. Kak BUAHo,
B3BELLVBAHWE MO MNONIOHaM BbIPABHMBAET NPOCTPAHCTBEHHOE
pacrnipegeneHvie no oceTam, HO He KOMMEHCUPYET aMNIUTYAHbIE
pasnuunA mexay opceTHbIMU BUHaMK.

Tsunami nmeeT ABa peleHna AnA KOMNeHcauum aMninuTyg, Mexay
ogpceTHbIMM BuHamu. MNepBoe - HaCTPOUTb OMLUMIO B3BELIMBAHWA MO
NOMroHaMm Tak, YToObl CKOMMNEHCUPOBATb Pa3NM4yHOEe KONNYeCTBO
Tpacc B Kaxkaom ogpceTHOM 6uHe. B ntore Beca BblumcnaAoTcA AnA
BCEX 0(pCeTOB, 3aTEM OHWN CKanMpyrTCA TaKUM 06pa3om, 4ToObI
CYMMbI BECOB ANA KaXA0ro opceTHOro 6nHa 6binm HopMannsosaHsbl.
OTO KOMNEHCUPYeT Beca amnnnTya mexay odceTHbiMn 6buHamun. Ha
Punc.8 nokasaH pe3ynbTaTt npmeHeHuns aToro noaxoaa. Kak suaHo
rasep nmeet 6onee paBHOMEPHOE pacnpeneneHne amniamTya.

M3 aepxkun 3TOro noaxoaa B TOM, YTO MPW YBENNYEHUN aMMNIINTYA,
61MKHEO(CETHBIX 3allyMMNEHHbIX TPacc, CyMMUPOBaHHbIN pa3pes
6yneT nmeTb 60nee BLICOKUIN YPOBEHb BbICOKOHACTOTHOrO wyma. Ho
Kak 1 BO MHOTrMX reohr3nyeckmnx npoueaypax Heob6xoanMo HaxoanTb
KOMpOMUCC Mexay NoTepAMU U NPUOBPETEHNAMM.

BTopoe — 3a4aTb UHKPEMEHTbI BbIXOAHBIX OCHCETOB TaKUMU, YTOObI
Kaxk bl odceTHbIN 6uH copepxan B cebe 0aMHaKOBOE KONMHECTBO
MCXOAHbIX Tpacc. B aToM cnyyae 6uHMpoBaHme BbIXOAHbIX OhCEeTOB
6yneT ¢ HepaBHOMEpPHbIM LwaroMm. Ha Puc.10 npuBeaeHb! 3HaYeHna
ohceToB B cry4ae, Koraa UCXoaHble Tpacchl nogeneHsl Ha ABaauatb
paBHOMEpPHbIX 0OPCeTHbIX BUHOB. Kak 1 oxxuaanoch, UHKpEMeHT

y 6IVKHUX 1 JanbHuX odceTos Borblue, YeM Y cpeaHux. Takoe
perynmpoBaHue no KONMM4YecTBYy BXOAHbBIX TPACC CTECTBEHHO
6anaHcupyeT aMnNnTyabl BbIXOAHbLIX MATPUPOBAaHHbLIX CENCMOTpaMM.
Kak BnaHo 13 Puc.9 amnnntyabl oTpaxxeHnA paBHOMEPHbI MO BCEW
cevicmorpamme. B cnyyasx, korga MOXXHO NPUMEHUTb 3TOT Noaxop,
MOXHO [OCTWYb NyHLIMX PEe3ynbTaTos.

Bl 3akntoyeHue

Mbl nokasasnu, YTO MOXHO KOMMEHCMPOBaTb HEMOCTOAHCTBO
amnnnTya, BbI3BaHHOE HEPaBHOMEPHOCTLIO reOMeTpuK, NCNONb3yA
KOM6MHaLMIO pasnnyHbix noaxoaos. OAnH 13 cnocobos

— KOMMNEHCMpPOoBaTb HEPaBHOMEPHOCTb NMPOCTPaHCTBEHHOTO
pacnpegeneHna Tpacc NyTeM B3BELUMBAHUA BXOAHLIX TPACC KaXKAoro
6uHa. BTopow — koMneHcnpoBaTb aMnNTyaHbIE Bapnuaumn Mexay
ohceTHbIMU 6HaMK, HOPManU3yA paccYUTaHHbIe Beca Mexay
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Table of Offsets For Balancing Trace Population

Offset Number of Traces Offset Number of Traces
1047 399922 7594 400212
2540 400415 8138 400197
3334 400460 8716 400216
3993 399827 9318 400635
4589 400416 9951 399480
5135 399905 10613 400970
5647 400749 11314 300267
6141 398455 12036 401582
6620 402327 12826 400184
7095 400014 19561 400406

Puc.10: Tabnuua odbceToB AnA co3aaHvA coanaHCMpOBaHHbIX

odpceTHbIX 6BMHOB
Figure 10: Table of offsets to created balanced offset bins

Over the years we have experimented with many attempts to scale the
migrated traces after the migration based on counting the number of
contributing samples to an output trace sample. These methods have all
failed to produce desirable results. This is because while is it possible to
measure the number of contributing samples to each output trace sample,
it is not then possible to scale them correctly based on the measure count.
The magnitude of the migrated amplitude is very non-linear. The migrated
amplitude is affected by a great many factors such as the velocity model,
the antialias filter, the time of the event, the dip of the event, and the signal
to noise ratio. So it is not possible to create a single function based on the
number of contributing input samples that will correctly scale the output
samples. The only real solution is to scale the input trace amplitudes to
compensate for their irregular density.

I Compensating for Population

Differences Between Offsets
As we see in the Figure 2 histogram the population of traces within
offset bins varies a great deal when offsets are chosen on a regular
increment. The histogram shows the typical land distribution, where
near and far offsets are under sampled compared to the middle offsets.
This causes the amplitudes of the near and far offsets to be weak
relative to the middle offsets. Figures 6-9 are made by migrating
a flat synthetic event with the spatial distribution typical of Figure
1, and the offset population shown in the trace histogram. The AVO
signature of the event should be flat, however in Figure 6 we see
the usual amplitude distribution, where the near and far offsets are
weak, because of the small number of traces within these offset
bins. Figure 7 shows the result of using the polygon weights that were
discussed above. As we can see, while the polygon weights make for
a more uniform spatial distribution within an offset plane, they do not
compensate for the amplitude differences between offset bins.

To compensate for the amplitudes between offset planes there are two
solutions within Tsunami. The first is to optionally adjust the polygon
weights such that they compensate for the different number of traces
within each offset bin. After all the weights are built for all the offsets, we
then go back and scale these weights such that the sum of the weights
for each offset bin are normalized. This compensates for the amplitude
weight between the offset bin. Figure 8 shows the result of applying this
technique. As we can see the gather now has a more uniform amplitude
distribution. The trade off with this technique is that by raising the
amplitude of noisy near offset traces, the stack section may show more
high frequency noise. As with many geophysical processes the benefits
must be weighed against the limitations.

The second method is to design the output offset increments such that
each offset bin will have the same number of input traces in it. This of
course means that the output offset bins will not have a uniform increment.
Figure 10 shows the offset values when the input traces are divided into
twenty uniform offset bins. As expected the near and far offsets have
larger increments between bins, while the middle offsets have smaller
increments. This balancing of the number of input traces naturally
balances the amplitudes on the output migrated gathers. As we can see



odpceTHbIMM BrHamu, unu, cosgasan opceTHble GMHbI C OANHAKOBbIM
KONMUYECTBOM Tpacc B HUX. MprMeHAs kKoMBUHaLUMIO 3TUX METOA0B
MOXHO CYLLECTBEHHO YMEHbLUNTb BIIMAHWE CNEAOB PacCTaHOBKM Ha
aMnauTyabl.

B niobom cnyyae nonb3osaTenb AOMKEH CAenaTb Cepuio TECTOB Ha
LeneBbIx NpodunaAx AnA NoATBEPXAeHMA 3DPEKTUBHOCTM BbiGpaHHOTO
noaxoaa. B HEKOTOPbIX Cnyyanx, Koraa HepaBHOMEPHOCTb KpaHe
BbICOKA, Pe3ynbTaT MOXET ObITb HE TaKUM YCMELHbIM, Kak NoKa3aHo B
3TON cTaThe. Tak>ke BO3MOXHO , YTO B npoLecce 6anaHCUpOBKY BXOAHbIX
Tpacc , 6nKHUIA BbIXoaHOW odbceT ByaeT ycuneH bornbLue, Yem 3TO
Heobxoaymo. OTO MOXET NPOU30UTH, B Cnyyae , koraa bnmkHue odceThbl
HenocTaTouHO 6HMPOBaHBI. Jlor dhain NoKaxeT paccHnTaHHble opceThl,
KOria OHW PaCCYUTLIBAIOTCA C HEPABHOMEPHBIM NMPOCTPAHCTBEHHLIM
warom. MakeT Tsunami Tak>xe npenaraeT Nonb30BaTesto BOSMOKHOCTb
BBECTU CMMCOK >kenaembix ohceToB. B 3ToM cnyyae MOXHO nomny4uTtb
ntoboi war no ogceTam.

Il OrpaHu4yeHuA U HOBble pa3paboTku

MbI npoaomkaem pa3paboTkn B HanpaBfNeHUN YMEHbLIEHNA
BJIMAHMA reOMeTPpUn CbeMKU Ha amnnTyabl. I'Ipe,qnoerHbuZ meTon
NONMroHOB NPUHMUMaEeT BO BHUMaHUe TONbKO MeCTHOHaxoxxaeHune
Tpacchl. [103TOMy, NO CyLIeCcTBY, 3TO peLleHne nepsoro nopAaka. Kax
BUAHO 13 Puc. 4 n 5 oHO NokasbiBaeT 3HAYNTENBbHOE YIy4LIEHME.
OpHaKo 3TOT MeTopA, He NpuUHMUMaeT BO BHUMaHUe a3nuMyT Tpacc,
CKOPOCTHYIO0 MoZesb unv BpeMaA/rnybuHy oTpaxkeHui. B To Bpema,
Kak 9TV MeTOAbl NO3BOMAKT HaMm A0BMBATLCA 3HAYUTENBHOIO
yny4yuweHuna, Mbl cHUTaem, 4HTo eCTb BOSMOXXHOCTb ANA nanbHenwero
COoBepLleHCTBOBaHNA anropuTtmMa. B paHHbIA MOMEHT Mbl
3aKaH4MBaem uccnenoBaHuA,

KOTOpble NO3BONAT HaMm 6051ee TOYHO MOAENMPOoBaTL BECa BXOAHbLIX
Tpacc. lMpumeHAA npouecc NHBEpCHM 1 oneparop murpaumm, byoet
BO3MOXHO 6051ee TO4YHO OTPerynmpoBaTh Beca BXOAHbIX TPacc
Takum 06pas3om, 4To n3obpaxkieHve Ha Puc.5 byneT BoirmAaeTb
60nee paBHOMepHbIM. Beca Takxe CMOryT crnerka u3meHATbCA Mo
BpeMeHu rnybrHe AnA MoAenMpoBaHNA U3MEHEHUA UMMNYJIbCHOW
XapaKTepUCTUKM Kak (OyHKUMK BpeMeHu (rny6uHbl). Mo mepe
HapacTaHuA ry6uHbl, Ha MUrPUPOBaHHOM pa3pese HabnogaeTcA
BCe 6orblUee CMeLLEHNe CXOAHBIX TPace, ¥ NO3TOMY Beca Tpace
L[OMXHbI 6bITb OTPErynMpoBaHbl COOTBETCTBEHHO. B nepsomM
KBapTane crneayoLero roga Mbl niaHMpyem 06HOBUTL 3Ty CTaTbiO C
[EeMOHCTpaumelt HOBOM TEXHOMOMMMU.

Bl Ccbinku

“Reducing 3-D acquisition footprint for 3-D DMO and 3-D prestack
migration” Anat Canning and Gerald Gardner,
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from Figure 9, the amplitudes of the event are now very uniform across
the gather. In situations where this technique can be applied the best
results can be achieved.

Il Conclusions

We have shown that it is possible to compensate for amplitude variations
caused by acquisition geometries by using a combination of techniques. It
is possible to compensate for the spatial distribution of the traces within an
offset bin by applying weights to the input traces that compensate for

the trace density. It is possible to compensate for amplitude variations
between offset bins by either adjusting the calculated weights to normalize
the weights between offset bins, or by creating offset bins that have the
same number of input traces in them. By using a combination of these
methods the acquisition footprint can be greatly reduced.

In all cases the users should run a series of tests on target lines to confirm
that the processes are producing the desired benefit. In some cases, where
the distribution densities vary to the extreme, the results may not be as good
as those shown in this article. It's also possible than when balancing the input
trace population, that the nearest output offset will be increased more than
desirable. This can happen when the near trace offsets are particularly under
sampled. The Tsunami log will print the calculated offsets when it computes
the irregular offset spacing. Tsunami also offers the option for the user to input
a list of offsets which can be manually determined. In this way virtually any
offset increment can be achieved.

Il Limitations and Future Research

We are continuing to do research to mitigate the effects of acquisition
geometry. The current polygon method takes only the trace location

into account. So it is basically a first order solution. As we can see from
Figures 4 and 5, it is achieving a significant improvement. However the
method does not take into account the azimuth of the traces, the velocity
model, or the time/depth of the event that is modeled. So while the current
methods achieve a significant improvement in producing useful amplitudes,
we think there is some room for improvement. We are in the process of
completing research that will allow us to more accurately model the input trace
weights. Using an inversion process, and the migration operator, it should be
possible to more accurately adjust the input trace weights such that the image
in Figure5 becomes even smoother. The weights will also be able to be slightly
modified as a function of time/depth to model the changes in the impulse
response as a function of time/depth. As we move deeper into the migrated
section more mixing between the input traces takes place, and therefore the
trace weights should be adjusted accordingly. We expect to have an update to
this article in the first quarter that will demonstrate this new technology.
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