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ince the earliest use of seismic data in hydrocarbon

exploration, geophysicists have primarily concerned

themselves with the apparent direction and speed at
which the waves travelled through the earth. The focus has
been on P-waves, while shear and near-surface waves are treat-
ed as noise that needs to be removed.

Full-wave imaging questions this conventional approach, as
geophysicists now realise that a rock particle’s behaviour when
a seismic wave passes it reveals new information about the sub-
surface. This is in part due to the fact that the rock particles do
not necessarily appear to move either in the same direction or
with the same velocity as the passing wave.

Full-wave acquisition and processing is the next revolution
in seismic imaging, as was 3-D seismic twenty years ago. Full-
wave imaging is defined as:

« Faithfully recording the complete ground motion from
all seismic signals, including source-generated noise.

+ Accurately measuring anisotropy, both p-wave and s-wave
modes and in terms of both amplitude and velocity.

+ Obtaining an unaliased spatial sampling of the reservoir
for a given dip, frequency and velocity.

+ Recording the full bandwidth of frequencies that the
earth will return.

Full-wave imaging has become essential, as seismic imaging to
date (including conventional 3-D) has made basic assumptions
about the nature of the recorded wave-field that limit our ability
to adequately image reservoirs and their associated fluids for
maximum economic impact. Because of these assumptions, we
are faced with the fact that 3-D - as the technology is currently
implemented - is beyond its first-generation success and is
diminishing in its ability to add economic value. This reduced
usefulness directly affects our ability to find and develop new
economic reserves with acceptable risk and perhaps more sig-
nificantly, plans to extract additional hydrocarbons from exist-
ing fields suffer from the declining economic impact of current
3-D technology. The question is: what is missing?

A significant part of the answer lies in the adequate sam-
pling of the full wave-field. Full-wave imaging has the poten-
tial to take the interpreter to the next level of imaging quali-
ty by providing:

+ More accurate and reliable stack amplitudes and AVO
analyses.

+ Vp and Vs instead of Vp only.

- A frequency link between velocity and the seismic band-
width.
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CaMOT0 Havajia UCIOJIb30BAHUS CENCMUYECKUX JaHHBIX

IIpU pasBejKe 3aJexXell yIIeBOJOPOJOB reo(pU3UKOB, B

OCHOBHOM, 3a060THJIO KQXKYIIEECS HAIPABJICHUE U CKO-
POCTb, ¢ KOTOPOH BOJIHBI PACHPOCTPAHSIINCH B T€OJOTHYEC-
Kxoii cpese. OHH H3ydaId HCKIIOYUTEIBHO IpoxosbHbie (P)
BOJIHBI 1 OTHOCHJIMCH K IOIEPEYHBIM YIPYruM (S) BOTHAM H
OKOJIOIIOBEPXHOCTHBIM BOJIHAM KaK K ITOMeXaM, KOTOpbIe He-
06XO0UMO YCTPAHSATb.

IMocTpoenne n306paskeHUIl Cpeabl HA OCHOBE 3AIUCU IIOJI-
HOTO CUTHAJIA CTABUT II0J BOIPOC 3TOT TPAAUIMOHHBIN IOJ-
X0J], IIOCKOJIbKY IreO(U3UKU Telephb IMOHUMAIOT, UYTO IOBeje-
HHE YaCTHI] ITOPOABI, KOTAA CEMCMUUYECKast BOJHA IPOXOIHUT
yepes HUX, COAEPKUT HOBYIO HH(opManuio o Heapax. ITpuan-
Ha 9TOTO YaCTHYHO 3AKII0YAETCS B TOM, YTO YACTHUI[BI IIOPOJBI,
OKa3bIBACTCS, HE 003aTEIBHO JABYUKYTCA B TOM )K€ Halpasiie-
HUU WIHN C TOH Xe CKOPOCTBIO, IYTO U (PPOHT BOJIHEI.

Perucrpanus 1 06paGoTKa IIOJHOTO CUTHAIA — 3TO CJIe/yIoIee
PEBOTIONIMOHHOE HAIPaBJICHUE B MHOTOBOJHOBOM OTOOpaxe-
HUM CPeJibl, TOJJOGHOE TOMY, KaknM sBrIachk 3-D celicmmxka aBaj-
naTth JgeT Hazajx. IlocTpoenne n3o6paskeHUs IOJHOTO CUTHaIa
OIpeesIeTCs KaK:

+ TouHast 3aIMCh IOJHOTO ABIKEHUsSI YACTHUI[ TPYHTA OT BCEX
CEeCMUYECKUX CUTHAJIOB, BKJIIOYAs BOJHDBI-IIOMEXU, CO3JaBae-
Mbl€ UCTOYHUKOM.

- Tounoe n3amepenne aHN30TPONHH, KaK Ha P-BosiHax, Tak u Ha
S-BOJHAX, @ TAK)KE UX aMILTUTYbI X CKOPOCTH.

+ MckmoueHne MpoOCTPAHCTBEHHOTO AJISIEICHHTA TSI KOJLIEKTO-
POB € ZAHHBIMU YIIAMU IAJCHUS, II0JOCOI YaCTOT U CKOPOCTHIO
pacIpocTpaHeHus BOJIH.

+ 3anuch BCell IMOJIOChI YaCTOT CUTHAJIOB, IPOUICJNINX Yepe3
IeOJIOTUYECKYIO CPEy.

MHOTroBOJHOBOE OTOOPAKEHHE CPEAbI MPHOOPENO BAKHEH-
Iee 3HaYEHNE, MOCKOJIBKY /IO HACTOSIIEro BPeMEHH IIPU TOCT-
pOEHHHU CeHICMUYECKOro U300paKeHUsI, BKIIOYAs] TPAJUIILOH-
Hoe 3-D, ucxoisaT U3 6a30BbIX NPEJIOI0KEHUN O XapakTepe
3aIMCBIBAEMOTO BOJHOBOTO IIOJS, KOTOPbIE OIPaHUYMUBAIOT
Hally BO3MOXHOCTB a/[€KBATHO CO3/iaBaTh M300paKEeHHUE KOJI-
JIEKTOPOB U CBSA3AHHBIX C HUMU (PIIOUJOB JUIST MAKCUMaJIbHO
SKOHOMMUYHOM A06BIUM. BeaeacTBue ykasaHHBIX IPEANIOJIONKE-
HUH, MBI OKa3aJIuCh nepex teM ¢gaxroM, uro 3-D, B ToM Buae
KaK 3Ta TEXHOJIOTUs IPUMEHSIETCS TEIePh, He SBIAETCS TAKOMI
YCHEIIHOM KaK ee IepBOe IOKOJIECHUE, U €€ dKOHOMUYECKHUI
s dekt cHmkaerca. dra majgaomas 3PpOEKTUBHOCTb HANpPs-
MYIO BJUSIET Ha HANly BO3MOXXHOCTh OOHAPYKUBATh U pa3pabda-
TBIBATH HOBbIE IMPOMBIIUICHHbIE CKOILICHUS YIJIEBOLOPOAOB C
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- Symmetry in the recorded wave-field without the distortions
imparted by current acquisition and processing practices.

+ The possibility of using some of the seismic signal previ-
ously considered as noise to contribute to the image and to
the final interpretation (e.g. anisotropy, surface waves, and
mode contamination).

Consequently, to reach that next level of reservoir imaging
quality, the industry needs to overcome the geophysical
assumptions made during the emergence of conventional 3-D
techniques, namely: isotropy, frequency band limitation, ver-
tical emergent angle and the need to always attenuate noise in
the field. However, the industry first required the enabling
technology of high vector-fidelity, multi-component, digital
receivers and efficient, high channel-count recording systems.

To improve reservoir imaging quality,
the industry needs to overcome the
geophysical assumptions made during
the emergence of conventional 3-D
techniques.

Before the advent of these technologies, poor vector-fidelity
and cumbersome field equipment requirements made eco-
nomic and technical success almost impossible.

The technology foundations required for land full-wave
imaging are high vector-fidelity, three-component, single-
point receivers such as VectorSeis® sensors, and high-capacity
land acquisition systems, such as Input/Output’s System
Four™, capable of supporting the high spatial receiver densi-
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HpUEMJIEMBIM PHCKOM H, YTO BO3MOXKHO 50JI€€ BAKHO, IIJIAHEI
10 MOBBIIEHUIO JOOBIUU YIIIEBOJOPOJOB HA CYIIECTBYIOIUX
MECTOPOXKJIEHUSIX CTPAZAIOT OT CHIDKEHUS 3KOHOMUYECKOIO
s dexra coBpemenHoi 3-D Texnosornu. BosHukaeT Bonpoc:
YEero ke He XBaTaeT?

3HauyuTeIbHAS YACTh OTBETA 3aKTIOYAETCS B aI€KBATHOM KBaH-
TOBAHUU ITOJTHOTO BOJTHOBOTO 0JIs1. MHOTOBOJIHOBOE OTOOpaXe-
HUE JaeT BO3MOKHOCTb MHTEPIPETATOPY NEPEUTH Ha CIeAyio-
MU YPOBEHb KAYeCTBA IIOCTPOEHUS U300pAKEHUs, obecredn-
Bast:

- Bosee TouHBle M HaJEXKHBIE JUHAMUYECKHE IapaMeTpbl
(amrumnTyasr) u pesyasraTtel AVO-aHammsa (3aBUCUMOCTU aMILIH-
TYABI OTPAKEHUS OT YJAICHUS).

+ Vp u Vs BMeCTO UCKIIOUNTENBHO VP.

Y106bI YNYYLLNTL KAa4eCTBO M306paXkeHus

MPOAYKTMBHOIO MyacTa, OTpac/ib [OJIKHA

NPeofoneTb AONyLeHNA, caenaHHble reo-
du3mkamu Bo BpeMeHa MoABNEHUA CTaH-

AapTHbix 3-D metopos.

+ HacToTHYIO CBA3b MEKy CKOPOCTDBIO U II0JIOCOM 4aCTOT Ceic-
MUYECKUX BOJIH.

+ CUMMETPHIO B 3aIIICAaHHOM BOJTHOBOM I10JI€ 6€3 HCKasKEeHUIH,
BBI3BAHHBIX IIPUMEHAEMBIMHU B HACTOSINEE BPEMS METOIMKAMMU
perucTpanuy 1 06paboTKH JAHHBIX.

* BO3MOXHOCTB UCITOJIB30BAHUS YaCTU CEHCMUYECKOTO BOJHO-
BOTO IIOJISI, pAHEE PACCMATPUBAEMOM KaK IMOMEXH, JJIS ylIydIe-
HUSI U300pOKEHUSI CPefbl U ATl OKOHYATEIbHOU HHTEPIPETa-

- EPEOOBbBIE
HONOTMM

HOBEL
BO3MOX

(o)) [o

HacTano Bpemsi MHOrOBOJIHOBOI CelicMOpa3Benku, U 34echb
KomnaHus Input/Output, Inc. coxpaHsieT nnaepcTeo. Bce 601b-
e HedTSAHbIX U ra3of00bIBaOWNX KOMMAHWA, NCNONb3YIOLLMX
Hallv nepeaoBble TEXHOMOMUN, NOMyHaloT BO3MOXHOCTb BbISIB-
NATb HOBblE NEPCMNEKTMBHbIE 0ObEKTHI. IMEHHO 34eChb HOBEN-
e TexXHOoNornm npruobpeTaloT peanbHylo LEeHHOCTb. Mbl He-
npepbIBHO pa3pabaTtbiBaeM 1 BHEAPSIEM Hanboee nepesoBbie
TEXHOMOrNW, HaueneHHble Ha pelleHne KOHKPETHbIX 3aday oT-
pacnu. OHM NOCTOSIHHO NPOXOAST NONEBOE TECTUPOBAHME U CO-

BEPLUEHCTBYIOTCS. OTO MNO3BOMSET C YCNEXOM MPUMEHSATbL UX MO
BCEMY MUPY ANSl PELLEHUs Hanboee CNOXHbIX Fre0NOrMYECKMX
3apay4. Heob6xoAMMOCTb MOMCKa HOBbIX MECTOPOXAEHWI 1 MaK-
cuMasbHOE yBennyeHne 06beMoB A00bI4N CTABUT Nepes, cenc-
MOpa3BeaKoN HOBble 3afjayqn 1 TpebyeT NMPUMEHEHUs HOBbIX
TexHonorui. He npaeaa M IOrMY4HO CO34aBaThb JlyyllMe TEXHO-
JIOrnm, Korga noTpPeBGHOCTM B HUX pacTyT? Mbl niuaupyem ¢ Ha-
LLEN TEXHONOIMEN B MHOIOBOJIHOM celicMopa3sBeke. LaranTte
B OyayLlee BMecTe C Hamu — komnaxuvei Input/Output, Inc.

MocTpoeHne MHOTOBOJIHOBbLIX OTOOpaXkeHnin. 3acTaBbTe TexHONOruio pabdortatb Ha Bac.
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ties and large channel count operations required by wide-
azimuth and long-offset recording. A significant corollary to
the high-channel count and the sensor technology is the addi-
tional benefit of significantly improved operational efficien-
cies due to the incorporation of next-generation technologies
into the recording systems (Tessman et al. 2004). This corol-
lary mitigates the cost impact and potential HSE issues of high
channel-count operations.

Requirements for Full Wave

Full-wave recording requires at least six considerations.
These are:

1. High-vector fidelity, multi-component, single-point sen-
sors, providing:

+ Extremely accurate measurements of all ground motion -
both seismic signal and noise.

- No directional bias, making them ideal for recording
azimuthal variations in seismic velocities and amplitudes
(anisotropy).

+ Preservation of the relative amplitudes between compo-
nents, thus allowing successful vector-oriented processing,
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® Fig. 1a. An unprocessed VectorSeis recording containing noise in
the form of a heterogenous surface wave. After filtering with the Vector
system and processing of the signal (Fig. 1b), the heterogenous surface
wave is successfully attenuated.

® Puc. 1a. Heobpabotannas 3anuch VectorSeis ¢ nomexamu B Bupe
HEOHOPOLHON NOBEPXHOCTHOI BOMHbI. locne hunbTpoBaHus B CUC-
Teme Vector u 06paboTku curiana (puc.1b), HeogHopoaHas NoBepXHO-
CTHas BOJIHA yCNeLHo ocnabnexa.

+ Freedom from intra-array statics, providing higher-band-
width, higher-resolution seismic signals.

- Easy deployment, better coupling, with lower weight and
bulk for improved field operational efficiency.

2. A wide-azimuth 3-D patch (to address the azimuthally-
oriented components of amplitude and velocity anisotropy);

3. Offsets sufficiently long to allow at least 45-degrees of
reflection angle (noting that this angle is beyond the point
where the assumption of a two-term velocity is necessarily
valid and where the vertically oriented symmetry of
anisotropy can become significant).

4. A sufficiently high channel-count to accommodate nos.2
and 3 above without spatially aliasing the target in either the
p-wave or c-wave domains (noting that this consideration
does not require the noise to be acquired in a spatially una-
liased form nor to have the target vastly over-sampled to
address source-generated noise):

nuu (HampuMep, HUCHOAb30BAHUE AHU3OTPOIMUH, MOBEPXHOCT-
HBIX BOJIH I OOMEHHBIX BOJIH).

CieoBaTesbHO, YTOOBI JOCTHYD TOTO CJIEAYIOIIETO YPOB-
HsI Ka4eCTBa U300PAKEHUs IPOAYKTUBHOIO ILTACTA, OTPACTh
JIOJDKHA TPEOJIOJIETh JONYIIEHHs, C/leJaHHbIe TeOo(U3nKaMu
BO BpeMEHA MOABIEHMS CTAaHJAPTHBIX 3-D MeTo/0B, a UMeH-
HO HM30TPOINMUIO, OFPAHUYEHUE IMOJIOCHI YACTOT, BEPTUKAID-
HBIH yroJ IOJAXOAa BOJHBI M HEOOXOAMMOCTb BCErga OcCaIab-
JATh oMexu B nosie. OJHAKO, CHaYaIa OTPACAN HOTpeboBa-
JINCh TEXHOJOTUYHBIE MHOTOKOMIIOHEHTHBIE HHU(POBBIE
NPUEMHUKH C BBICOKOH TOYHOCTBIO PETHUCTPAIUH BEKTOpa
KoJeGaHUN U 5P PEKTUBHBIE PETUCTPUPYIOMHIE CUCTEMBI C
OY€eHb OOJIBIIUM KOJIUYECTBOM KaHATOB. /[0 mosiBieHUsT 3TUX
TEXHOJIOTUY, HU3Kasi BEKTOPHASI TOYHOCTb U HEOGXOLUMOCTD
HCII0JIB30BATh IPOMO3JKOE II0JIeBOE OOOPYLOBAHUE IPAKTU-
YeCKU HeE JaBaJi BO3MOKHOCTU JOCTUUb 9KOHOMUYIECKOTO U
TEXHUYECKOTO ycIexa.

OCHOBY TEXHOJOTUU, TPeOyIomeics Jas MHOTOBOJTHOBOTO

OTOOPAKEHMSI CPEJAbI, COCTABISAIOT TPEXKOMIOHEHTHBIE, TO-
YeuyHbIe IPUEMHHUKH C BBICOKOU BEKTOPHOM TOYHOCTDIO, TAKHE
Kak gaTdauku VectorSeis®, 1 BBICOKOIPOU3BOAUTEIbHBIEC HA-
3eMHBIE CHCTEMBI cOOpa JAHHBIX, Takhe Kak System Four™
xoMrannu Input/Output, ciOCOGHBIE TOANEPHKATH BBICOKYIO
IIJIOTHOCTH PACCTAHOBKU IPUEMHUKOB M GOJBIIOE KOTHMIECT-
BO KAaHQJIOB, TPEOYEMBIX IPU MUPOKOAZUMYTATbHON PErucT-
palMK JAHHBIX B JOCTATOYHOM AHMAIA30HE YAICHUH. 3HAYM-
TEJIbHBIM PE3YJIBTATOM IIPUMEHEHUs BHICOKON KAHAJIBHOCTU U
IIPUEMHUKOB HOBOTI'O THUIIA SIBJSETCS 3aMETHOE ITOBBIIICHUE
IIPOU3BOJUTENBHOCTH, GJarojaps UCIOIb30BAHUIO TEXHOJIO-
TUil CJIEJYIOMEro MOKOJEHUS! B PETUCTPUPYIOMMX CHCTEMax
(Cym. 6u6.: Tessman et al. 2004). DTOT pe3yabTaT ONpPAB/bLIBA-
€T BO3POCIIYIO CTOMMOCTD U IIOBBIIIEHUE TPEOOBAHUN K OXpa-
He 3J0POBbs, TPYAA U OKPYKAIOIIeil Cpeabl IPU HCIIOJb30Ba-
HUU BBICOKOKAHAIBHBIX CUCTEM.

TpeboBaHMA K perncrpayum
MOJIHOrO CUrHana

3anuce NOJIHOTO BOJTHOBOTO ITOJISI BKJIIOYAET, 110 MEHBIICH Me-
pe, caeayiolye necTb TPeGOBAHUINA:
1. MHOrOKOMIOHEHTHBIE, TOYEUYHbIE JATYUKU C BBICOKOU
BEKTOPHOU TOYHOCTBIO, 00ECIEYNBAIONIHE!

+ UpesBplyallHO TOYHbBIE HU3MEPEHHUS KOJEOAHUN YaCTHIL
I'PYHTA, BBI3BAHHBIX KaK CEICMMYECKUM CUTHAJIOM, TaK U IIOMe-
XaMU.

+ OTcyTcTBUE 3aBUCUMOCTU PETUCTPUPYEMBIX CUTHAJIOB OT
a3UMyTa, YTO JEJAeT 3TU JATUUMKU WJCAJIbHBIMHU JUIs 3aIICU
a3UMYTaJbHOM 3aBUCUMOCTU CKOPOCTEH U aMIUIUTYJ, CEACMU-
YeCKUX BOJH (AHHU30TPOIIHSI).

+ CoxpaHeHHEe OTHOCHUTEJIbHBIX aMILINTY/l KOMIIOHEHTOB pe-
TUCTPUPYEMOTO CHUTHAJIA, UYTO OOECHEUYUBAET €ro BEKTOPHYIO
06pabOTKY.

- Mckmodyenre CTAaTUKU BHYTPH TPYIIEI, UTO 00ECIIeYNBAET
60J1e€ MUPOKOIOJOCHBIE CECMUIECKUE CUTHAIBL.

+ Jlerkoe pasmelieHue, JyYIIUid KOHTAKT C TPYHTOM, MEHb-
U BeC U 00beM JUUIsl TOBBIMIEHUS TPOU3BOJIUTEIBLHOCTH I10-
JIEBBIX PabOT.

2. lllmpoxoasuMyTanbHad IJIOMaAHas paccTaHoBKa 3-D (mrs
BBIABJIEHUA U yUyeTa a3UMyTaJIbHON 3aBUCUMOCTU CKOPOCTEN U
AMILTUTYJ CEICMUYECKUX BOJIH).

3. locTaTOYHO GOJIbIINE YAAIECHUS «HMCTOYHUK-TIPUEMHUK>,
obGecrieynBaoIMe, 0 KpaitHeil Mepe, 45-rpajycHbIid yroa oT-
Pa’KEHUs BOJHBI (3aMETUM, UTO 3TOT YrOJI HAXOJIHUTCS 32 paM-
KaMu, T/ JOIyIeHUE JABYYJIEHHONH CKOPOCTH IPaBOMEPHO U
rjie aHU30TPONUA C BEPTUKAJILHONU OCHIO CUMMETPUU MOKET
CTATh 3HAYUTEIBHOM).
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® Fig. 1b. The same VectorSeis recording seen in Fig. 1a after suc-
cessful attenuation of the heterogenous surface wave via the Vector
system and processing of the signal.

® Puc. 1h. Ta xe 3anucb VectorSeis, 4T0 1 Ha puc. 1a, HO

C YCNEeLHOo 0¢1a61eHHoN HEOHOPOAHON NOBEPXHOCTHON BOJIHOI

¢ nomowwbto thunbtpa Vector u 06paboTku curnana.

- Full-wave acquisition techniques for improved P and S-
wave images require high capacity, high channel count sys-
tems that can efficiently acquire, transfer and record large
amounts of data (Mougenot, 2004). In addition, full-wave
survey designs with adequate wide-azimuth sampling at
target depths require a large number of deployed receiver
stations. When combined with three-component sensors,
the required system channel count can easily exceed
10,000. An additional factor is that full-wave acquisition

4. JIocTaTOYHO BBICOKAS KAHAIBHOCTD IS YOBJIETBOPEHUS
TPeOOBAHUIA, U3JI0KEHHBIX B IIYHKTAX 2 U 3 BbIlIe, 6€3 IPOCT-
PAHCTBEHHOIO QISHCHHTA LEJEBBIX OOBEKTOB, OCBELIAEMBIX
na P (npogospnbix) u C (0OMEHHBIX) BOJHAX (OTMETUM, UTO
JUIsl OCTa0IeHUs BOJH-TIOMEX He TPeOyeTcsl HU PerucTparus
romex 6e3 aIAHCUHTa, HI U30BITOYHOE KBAHTOBAHUE HA YPOB-
He I[eJIeBBIX OOBEKTOB).

+ MeTosuKka MHOTOBOJTHOBOM celicMOpa3BeaKu JJis yIydile-
HUsI 1300paxkeHuit Ha P- u S-BosiHax TpebyeT npUMeHeHUsT MOII-
HBIX BBICOKOKAHAJIBHBIX PETUCTPHUPYIOIUX CHCTEM, KOTOpPBIE
MOTyT 3(P(PEKTUBHO NEpeAaBaTh U 3aIUCHIBATH GOJBIINE 00be-
Mbl JaHHEIX (Cm. 6u61.: Mougenot, 2004). Kpome Toro, cucre-
Mbl HAOIIOJEHUI JUISl PETUCTPAIIMU ITOJIHOTO BOJHOBOTO IOJIS
JOJDKHBI GBITh JOCTATOYHO IIUPOKOA3UMYyTAIBHBIMU U BBICOKO-
KkaHaTbHbIMU. C yIeTOM TPEXKOMIIOHEHTHBIX JATIHKOB Tpebye-
Masl KAHAIBHOCTD MOKeT Jierko npesbicutb 10 000. Hy:xHo Tak-

K€ UMETH B BUJLY, UTO JUISI 3aIIMCH ITOJHOTO BOJHOBOTO IOJIS TPe-
G6yeTcss GoJbllee BPEMs PETUCTPAIUU, MOCKOJBKY CKOPOCTH
S-BOJIHBI MEHBIIIE, Y€M CKOPOCTU P-BOJIHBL.

« IlnmomagHBIMM pPacCTaHOBKAMHM CEHCMONPUEMHUKOB C
GOJIBINNM YHCJIOM AKTUBHBIX KaHAJOB HEOOX0 UMO 3(pdexTus-
HO VHIpPaBJIATb, YTOOBI CBECTU O MHUHHMYyMa IOTpebieHue
SHEPTUU U IPOBECTU KOHTPOJIb KAUeCTBA PA3JIUUHBIX ITapame-
TPOB B peasbHOM BpemeHu. Hapsaay ¢ aTumu TpeGoBaHUAMM,
HEOOXOAMMO NPHUMEHATHh OOJETY€HHOE, JIETKO YCTAaHABJIMBAC-
Moe 060pyLoBaHUEe, KOTOPOE JOCTATOYHO HAAEKHO I Pado-
TBI B )KECTKUX IIOJIE€BBIX YCIOBUSIX.

- CoBpeMeHHBIE PETHCTPUPYIONIME CHCTEMBI, TAKUE KaK
System Four xomnanum I,/O, cOOTBETCTBYIOT 3TUM TPEGOBAHU-
SIM CO3/IaHHSI MHOTOBOJIHOBBIX OTOOpakeHuii cpeabl. Onroso-
JIOKOHHBIE TIOIEepeYHble (MEXIMHEeIIHbIe) Kabenu, obecrnequ-
BaOUINe BBICOKOCKOPOCTHYIO IIepefady AAHHBIX, OBICTPOJEH-
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requires longer listen times as S-wave velocities are lower
than P-wave velocities.

+ Large spreads and active receiver patches must be man-
aged efficiently to minimize power consumption and to carry
out a variety of QC parameters in real time. Coupled with these
demanding data handling, efficiency and QC requirements is
the need for lightweight, easily deployed equipment that is suf-
ficiently robust to operate reliably in harsh field environments.

+ Modern recording systems such as I/O System Four
address these full-wave imaging requirements. Fibre-optic
cross-lines capable of high data transmission rates; fast, reli-
able network telemetry architectures and power delivery sys-
tems that self-heal in redundant deployment enable cost-
effective full-wave acquisition. Parallel network architectures
coupled with buffering and handshaking protocols ensure
that there is a path for seismic data to get back to the
recorder, even when severe cable disruption occurs.

5. Point-source and point-receiver acquisition (to preserve
as faithfully as possible the anisotropy, especially given the
acquisition of the long offsets at widely varying azimuths and
to accommodate No. 6 below).

6. To faithfully record and preserve the maximum bandwidth
of frequencies the earth will return, with special considerations
given to the low frequencies (given the very deep targets now
being explored where p-wave bandwidth is normally limited,
given that converted-wave data is already band-limited and con-
sidering that high-resolution reservoir analysis using acoustic
and elastic inversion normally requires a link between ampli-
tude and velocity that normally does not exist in seismic data).

Conclusions

Over the last 50 years, seismic imaging advances have occurred
in a number of technological waves, each resulting in improved
exploration successes and better hydrocarbon reservoir charac-
terizations that result from clearer seismic images. This latest
imaging revolution - full-wave imaging - together with the tech-
nologies that make it possible, delivers high-quality seismic
images to oil companies and operational benefits to contrac-
tors. With high-fidelity, three-component, single-point receivers
and wide-azimuth surveys, full-wave imaging delivers improved
resolution, more efficient noise suppression and higher quality
seismic images that ultimately improve our geological and geo-
physical understanding of oil and gas reservoirs. E
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CTBYIOIUE, HAJIEKHBIE CETEBbIE TEJIEMETPUIECKUE CTPYKTYPEI
U CUCTEMBI dHEProCcHaGXKeHUsl, KOTOPble CAMOBOCCTAHOBINBA-
I0TCSI IIPU PE3€PBHOM Pa3BEPTHIBAHUH, 00ECIIEUHBAIOT 9KOHO-
MUYHYIO PErHCTPAIUIO ITOJHOTO curHaia. Ilapanienbusie ce-
TEBBIE CTPYKTYPHI, OOBEAMHEHHBIE C IIPOTOKOJAMU Oydepusa-
o u yCTaHOBJIeHI/IH CBA3U, O6CCH€‘II/IBaIOT MapmpyT
rnepejayu CEMCMUYECKUX JaHHBIX Ha 3alIMChIBAIONIEE YCTPOU-
CTBO Jake B TOM CJIy4ae, KOrja IPOUCXOJUT 3HAUYUTEIBHOE I10-
BpexJeHue Kabers.

5. ITosyueHre DAHHBIX C MCIIOJIb30BAHUEM TOYEUHBIX HCTOY-
HHKOB 1 TOYEIHBIX IPUEMHUKOB (4TOOBI ONPENETUTH AHU30TPO-
IO KaK MOKHO TOYHEE, OCOOEHHO MPU PETUCTPALUM JAHHBIX
Ha 6OJII)H_II/IX y[[aJIeHI/IHX <<I/ICTO‘IHI/IK'HpI/I€MHI/IK>> B ]J_II/IpOKOM aua-
[1a30He a3UMYTOB, U JUISI TOTO, YTOGBI COOTBETCTBOBATL TPeGOBa-
HUSM IyHKTA 6 HIDKE).

6. CoxpaHeHUe MaKCUMaJbHOIl IIOJOCHI YaCTOT ITOJE3HBIX
BOJIH, VAEIAS 0COG0€ BHUMAHUE HU3KHM YacTOTaM (C ydeToM
GOJIBIION IYOMHBI 3aJETaHUs OOBEKTOB, MCCIEAYEMBIX ceifdac,
IJie€ TI0JI0CA 9ACTOT P-BOJIH OGBIYHO OrpaHUYEHA U C YI€TOM TOTO,
qTOo O6MeHHbIe BOJIHbI y}Ke HNMEIOT OI‘paHH‘{eHHbIﬁ AUaIra3oH 49gac-
TOT,  TAIOKE YIUTBIBAS, UTO JUIS BHICOKOPA3PEIIAIONIETO aHAII3a
KOJIJIEKTOPOB C UCIOJIb30BAaHUEM AKYCTUIECKO 1 yIIPYroil HHBep-
cum TpeGyeTCs CBA3b MEXK/y aMIUIUTY0M 1 CKOPOCTBIO, KOTOPOM
OOGBLIYHO HE CYIECTBYET B CEHICMUIECKUX JJAHHBIX).

BoiBOAbI

3anocieanue 50 geT mporpecc B IOCTPOEHUH CEHCMUYECKHIX 30~
Opa)KEeHUI cpeabl MPOUCXOANT B BUJAE PsjJa TEXHOJIOTUYECKUX
BOJIH, KQ)KJ1asl U3 KOTOPBIX MIPUBO/IIIIA K 60JIe€e YCIEITHOH ceficMo-
pasBejike U JIydIIEMy OINUCAHUIO HEe(TETa30BBIX KOJUIEKTOPOB,
HOJIy‘IaeMOMy B pesyJH)TaTe 60]'Iee TOYHBIX CeﬁCMH‘{eCKHX 1/1306pa—
JKeHUil. MHOrOBOJHOBOE OTOOpaKEHHE — JeHCTBUTEIBHO
PEBOJIIONMOHHOE JOCTYIKEHUE — HAPSAAY C TEXHOJOTUIMH,
C/ICTABIIMMI €TO BO3MOKHBIM, OOECIIEUNBAET BHICOKOKAUECTBEH-
HbIE CeHICMUYECKNe N300pKEHUS IS HEPTIHBIX KOMITAHUHN U,
TAKUM OOPA30M, MOBBIIAET 3(PPEKTUBHOCTL PAOOTHI MOAPSIIH-
KOB. C BBICOKOTOYHbIMU, TpeXKOMHOHeHTHhIMI/I TOYCYHDbIMU l'IpI/I'
€MHHUKAMHU U IIHPOKOA3UMYTATBHBIMU CHCTEMAMH HAOJIONECHHIIA,
MHOTOBOJIHOBOE OTOOpaKEHUE OGECIIeUUBACT YIYIIICHHYIO Pas-
pelaonyio Croco6HOCTb, 6oee 3(PEKTUBHOE MOaBIECHUE 10-
MeX n 60jiee BBICOKOE KadeCTBO CEHCMUYECKUX M300paskeHU,
4qTO, B UTOrE¢, yﬂquaeT Halle IIOHMMAHUE I'€OJIOTNYECKUX U I'€Oo-
(pusnuecKkux CBOMCTB HEPTAHDBIX U rA30BBIX ILTACTOB.
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