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Introduction

PacTylwmin pbIHOK WHXXEHEPHO-reosIornyecknx u3blCKaHUn TpebyeT pas3sButus
TEXHOJIOMMN ANS KapTUPOBAHUSA MOTEHLUMANIbHO OMNACHbIX reosiorMmyecknx o6bLekToB
Growing market of engineering surveys require development of new techniques
for geohazard mapping

MHoOrme y4dactkm paboT pacnosioXXeHbl Ha MeNKOBOAHbIX YacTax wenbda (rnybuHa
BoAbl MeHee 50 M)
Water depth at most survey areas are less than 50 meters

CtaHgapTHble (NpodunbHble) MeToabl HabnwaeHUW He NO3BONAKT C AOCTAaTOYHOM
AEeTaNbHOCTbK MU3y4aTb CTPOEHME BEPXHEN YAaCTU AOHHbIX OT/I0OXEHUN

Linear surveys does not allow detailed mapping the most potentially dangerous
geological hazards and upper-section of subbottom layers
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OnacHble MH)XXeHEepPHO-reoJiIormyecKkme siBJ1IeHUs
Geohazards

O OnacHble WHXEeHEepPHO-reosiornyeckne €HBJEHUSA MOXHO onpeaennTb, Kak pe3ynbTaT
AeaTenbHOCTU reosIormM4yecknx nNpoueccoB, BO3HMKAIOWKMX B 3EMHOMN Kope noa AeNCTBUEM
Pa3/SINYHbIX MPUPOAHBIX U AHTPOMOreHHbIX (AaKTOpOB, WM WNX COYETAHUSA, KOTOpble
MMEIT MNOTEHUMANbHYO BO3MOXHOCTb CTaTb OMACHbIMWU U MPUYUHUTL Bpen 4YesioBEKY,
OKpYy>XatoLlen cpene nam CoOopyXeHusim

O Geohazards can be defined as local and/or regional site and soil conditions having a
potential of developing into a failure event that could cause loss of life or damage to
health, environment or assets. The event-triggering sources can be ongoing geological
processes or human induced changes caused by the field operator or by 3rd party
activities
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MeTtoabl MH)XXEeHepHO-reo(PpmsanyecKnx U3biCKaHUU
Engineering 2D seismics techniques

CencMmopasBegka
BbICOKOpa3peI.I.IaI'OI.I.|.aﬂ < CBEPXBbICOKOI,0>
cencMopasBefgka paspelieHuns
High-resolution (HR) Ultra high-
resolution (UHR)
OnuHa Kocbl, M Streamer length, m 1200 150
Yumcno KkaHanos Number of channels 192 48
PacctosgaHnem mexay _
Channel spacing 6.25 3.125
KaHanamu, m
LLiar BO36yXxaeHus, M Shot point interval, m 6.25 3.125/ 1.5625
Pasmep 6uHa, M Bin size, m 6.25 3.125/ 1.5625

CeTb HabnwaeHnn, M

Sail-lines spacing, m

200 (100) x 500

100 x 200

[MTHEBMOMCTOYHUKM «crnapkep» / «6ymep»
NcTouHUK Source
Air-gun’s Sparker / boomer
Monoca vactoT, 'y Bandwidth, Hz 10 - 500 150 - 2500
PaspelwueHune (ro _ _
Vertical resolution ~2-3 ~05-1

BEPTMKAnNn), M




Hepoctratkm npocdunbHbIX HabnrogeHnn
Disadvantages of linear surveys

Huskas NpocTpaHCTBEHHas pa3peLuarollas Cnoco6HOCTb e
BCNeACTBME OTHOCUTENbHO peaKon ceTn HabnwaeHunm

Low spatial resolution due to sparse survey grid

MexnpodunibHOe paccTossHME NpeBbIWAET IMHENHbIE
pa3Mepbl ONACHbIX MHXXEHEPHO-reosI0rMYecKnx BneHuin

Sail-line spacing more than linear size of geohazards

Bbicokasi BEpOATHOCTb MOSAB/IEHUS HOKOBbIX OTPa>XeHui
B C/lydae C/I0XHOIro CTPOEHUS reosiormyeckomn cpeabl

Possibility of out-of-the-plane reflection in case of
complex structure of survey area

Pagwuyc nepson
30HbI ®PpeHens Mepeas 3oHa PpeHens
nocne 3-murpauum
(OrT)
HanpaeneHwe
npodpmns

[epBas 30Ha MNepBas 30Ha
PpeHens nocre s, ®peHens o
2[-murpayuu MUrpauun




CyuwiecTtByrowime MeToaANKH
TPEXMEPHbIX CEUCMOAKYCTUUYECKUX
HabnrwoaeHn Ha MeNIKOBOAHbIX
aKBaTopuax

Existing 3D ultra-high resolution
techniques for shallow water
investigation



Knaccmdpumkaumsa MeToAMK MO Cnocoby 6yKCMpoOBKM
Classification of techniques according to the
method of towing

«<)KecTkass paMa> ByKCMpOBKa Ha BbICTpesiax lNapaBaHbI

Rigid frame

Towing on booms

Paravanes

Opus3D
(Benbrua / Belgium)

SEAMAP-3D
(FepMmaHusa / Germany)

University of Lausanne
(LLUBenuapusa /
Switzerland)

P-Cable
(Hopserus / Norway)

SEISCAT
(Benbrusa / Belgium)

YHUBEPCUTET UMEHMU
XpuctnaHa Anbbpexta /
University of Kiel
(FepmaHusa / Germany)

Kite IFREMER
(CLWLUA / USA) (®paHuna / France)
Chirp3D YHusepcutet Paica /

(BenukobputaHusa / UK)

Rise University
(CLWWA / USA)

Sub-Bottom Imager
(Kanapa / Canada)

Gardline
(Benukobputanuna / UK)

AkBacsun-3/1
(Poccunsa / Russia)

Fugro




ByKCUMPOBKA Ha «)>XECTKOMU paMme»
Rigid frame

[peumyuiectea / Advantages

O BbicOKas TOYHOCTb NO3ULMOHMPOBAHUSA OTAENbHbIX 3N1eMeHToB / High positioning
accuracy

O MuHMManbHO BO3MOXHOE pacCcTodHue Mexay nNpuémHukammn / Minimum spacing
between receivers

O BbicoKass MaHeBPEHHOCTb cuctemol / High maneuverability

HenocrtaTtku / Disadvantages

O PaMa MoXeT saBnATbCS MCTOYHMKOM WyMa npu 6ykcnposke / Frame can be source
of noise

O Manoad@deKTUBHO NpMMeHeHne MHOMoOKaHa IbHbIX CEMCMUYECKNX KOC /
Multichannel streamers are useless

O MacwTtabupyeMocTb orpaHudeHa / Scalability is limited




BbyKCMpoBKa Ha BbiICTpenax
Towing on booms

MpeunmywiecTtBa / Advantages

d Hawubonee npocTton B peanmsauunn /
The most easy to implement

QO [lMpocToTa cnyckonoAbEMHbIX

onepauun / Easy deploy and recovery '11‘";2122"/1/‘/
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LUMPUHBbI MOKPbITUS Npu paboTe C |
AOCTaTOYHO LWMPOKOro cyaHa / The '
possibility of wide coverage on the
vessel with a wide stern

Hepoctatku / Disadvantages

O ManoaddekTuBeH npu paboTe C
OAHOKAaHaJIbHbIMMN KocaMun / Useless
for short streamers

0 BbICOKMIK YpOBEHb LIYMOB B61U3M ‘2? ,
cyAHa / High level of noise near vessel

O BeposATHOCTb 3anyTbiBaHUA KabesbHbIX
ANHUIN NpU HEBONbLLOM PacCTOAHUN
Mexnay kocamu / Chance tangling cable
lines when the distance between the
streamers are small

d MeHee TOYHOE NO3UUMOHUPOBaHMe /
Less positioning accuracy




BbyKCMpoOoBKa napaBaHaMu
Paravanes

MpeunmywecTtBa / Advantages

O MakcmManbHas nosioca rnokpbiTus /
Maximum wide of coverage

Q Jlerko agantnpoBaTb CUCTEMY
HabnaeHns ANnsa pelleHns WnUpoKoro
Kpyra 3apad / Easy adapt for solving
different tasks

O Hebonblwon ypoBeHb WYMOB OT CyAHa
/ Low noise level from vessel

d CrabunbHoe nonoxeHune NpUMEMHOro
MaccmBa B NJOXUX
rMApOMETEeoposIorMyeckmnx ycrnosusax /
Stable positioning of array in bad
weather conditions

Hepocrtatku / Disadvantages

0 HauMeHee TOYHOE NO3ULMOHUpPOBaAHUE
/ Worst positioning accuracy

d HeobxoaMMoCTb NpUMEHEHUS
AOMONHUTENBbHOro obopyaoBaHna Ans
6ykcupoBku / Additional equipment is
needed
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OCHOBHbIEe nNapamMeTpbl CYLWeCcTBYIOLWMNX cCuctemM
Main parameters of existing systems

Ymcno Koc

Yncno KaHanoB B KOcCe

O6Lwee yncno KaHanos

PaccTtoaHue mexay KaHanamu,
M

Cnocob 6yKcnpoBKU

PaccTtosaHue Mexay Kocamu, M
MWHMManbHOe yaaneHne, M

MakcuManbHoe yaaneHme, M

TN NCTOYHMKA

PaccTosiHne Mexay NyHKTamMu
BO36yXaeHus, m

PaccTtosaHue mexnay
npodunnsammn, m

LLInpnHa nokpbITUS 3a OAWNH
npoxoA cyaHa, M

Pasmep 6uHa, M

KpaTHocTb (cpeaHsas)

Number of streamers
Number of channels
(per streamer)

Number of channels

Channel spacing, m

Towing method

Streamer spacing, m
Minimum offset, m

Maximum offset, m
Source type
Shot point interval, m
Sail-line spacing, m

Width of coverage, m

Bin size, m

Fold (average)

Opussb
8

2
16
2

XKecTkas
peweTka /
Rigid frame

2
7
11.5

«bymep»
0.5

6

1 x1

Lausanne P-Cable 3D
3 14
24 8
72 112
2.5 3.125
Boictpenbl /  [MapaBaHbl /
Booms Paravane
7.5 12.5
5 100
65 150
MHEBMOUCTOY MNHEBMOWUCTOY
HUK HUK
5 6.25
11.25 50
7.5 65
1.25 x 3.75 6.25 x 6.25
6 10
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AHanuns3 cywecrtByrowmx MetToaunk
Analysis of existing techniques

BOoNbWWHCTBO cUCTEM TPebyloT NpUMeHeHUs crneynanbHOro obopyaoBaHms
Most techniques required special equipment

BbicoKasi CTOMMOCTb NpoBeaeHuns nonesbix paboT
Relatively high cost of survey

MHOrmMe CUCTEMbl OPUEHTUPOBAHBLI Ha peLlEHUE KOHKPETHbIX 33434 M BO3MOXHOCTU
agantaunm K Apyrum yCcnoBUSM CbEMKMU OrpaHUYEHbI

Most techniques solve one task and possibilities of adaptation are small

[ns peweHns MHXEHEPHO-reonornyecknx 3anady bonee adbdekTMBHO ByKCMpoBaThb
KOCbl Ha BbICTPE/ax UM C NOMOLLbIO NapaBaHOB

Towing with booms and paravanes is preferable for solving engineering tasks

Ons  yBenMyeHust MNPOCTPAaHCTBEHHON  pPa3pPELIEHHOCTM HeobXoAMMO  MHOrOo
CENCMUYECKNX KOC, YTO MOBbILLIAET CTOMMOCTb CUCTEMbI

For increasing spatial resolution multiple streamers are needed, which advance the
cost of system

Bonbwune yaaneHums TpebyloT NPUMEHEHUS UCTOYHUKOB M MPUEMHUKOB C LLUMPOKOWM
AnarpaMMoin HanpaB/IEHHOCTU

Due to far offset sources and receivers with wide directivity are needed

Hanbonee adbdeKTUBHbI CUCTEMbI C MAKCUMabHO BO3MOXHOM MOIOCON MOKPbLITUSA
Systems with wide coverage are efficiently



NMpUYnHbLI OrpaHNYEeHHOro NpMMeHeHus
TpExXMepHblX Habnroaeuuu B UMN

Why is HRS 3D acquisition not standard practice

a

N3blckaTeNnbCKMe KOMMaHUM He FOTOBbI BbIMOJIHATb TPEXMEPHbIE CbEMKM B paMKax
NpoBeAEHNSA CTaHAAPTHOrO KOMMJIEKCA UCCeA0BaHMIM, NOCKOJIbKY 3TO TpebyeT
HaIMYMSA AOMONHUTENBHbBIX UCTOYHMKOB N CNEeLNaIn3nMpoBaHHbIX NPUEMHbBIX CUCTEM
Ha cyaHe

Contractors are not interested in conducting 3D HR/UHR surveys as a part of
standard project because it needed additional sources and receiver systems

Bblicokad CTOMMOCTb pa60T He BbIr0OAHA KaK 3aKa34iuKy, Tak U UCNOJTHNTENIO,
MOCKOJIbKY NMpMMeHeEHNE HECTAHAAPTHbIX METOAO0B YBE/IMHYHNBAET PUCKN U Tpe6yeT
AOMOJTIHUTEJIbHOIO CyaoBOIro speMeHun, 4to nNnpmBoAUT K YMEHbLUEHUNIO I'IpM6bIJ'IM

High cost means that operators do not want to commit to the work, but also that
contractors do not want to commit to the outlay if the returns are not
commercially viable and risks are increasing

OrpaHuyeHHoOe BpeMs, OTBEAEHHOE Ha NpoBeaeHne KOMMNaeKca NHXEeHEpPHO-
Feo/IormM4yecknx n3biICKaHMn Ao BypeHnsa CcKBa>UHbl UKW CTPOUTENBLCTBA
COOPYXEHUS, 3a KOTOpPOE C/I0XKHO NMpoBecTu nosieBble paboTbl, obpaboTaTtb U
NPOUHTEPNPETUPOBATb AOMNO/HUTENbHbLIN 06bEM TPEXMEPHbIX
BbICOKOpa3peLlarwmnx AaHHbIX

Short time for engineering surveys before drilling or building doesn’t allow to
acquire all needed data, process and interpret additional volume of 3D HR/UHR
data



TpeboBaHUA K TEXHONIONMU HaAbNOAEHUN

Seismic system requirements

Ncnonb3oBaHWe CTaHAAPTHOro nNnpuémounsnyyarLero obopynoBaHug,
NPUMEHSEMOro npu npoeeaeHnn rNpoPubHbIX HabnwaeHnn, C
MWUHUMalIbHbIM HA6OPOM AOMONHUTENIbHbIX TEXHUYECKNX CPeacTB

Using standard source and receiving equipment from 2D seismic surveys
with minimum additional equipment

MaKCMManbHO LUMPOKAs Nosoca NOKpPbITUA 3a OAUH NpoxXoa CyAHa C
AOCTAaTOYHOW ANCKPETU3aLIMEN reoIormM4yeckon cpeabl

Maximal wide of coverage during one sail-line with needed sampling of
geological medium

BO3MOXXHOCTb agantaumm NpuémMonsnydatoLlen CUCTEMbl U NAPaMETPOB
CbEMKM K KOHKPETHbIM TEXHUYECKUM U reosIOrMYeCcKnM YCI0BUSAM

Possibility to adapt system and it’s parameters for solving another tasks
and in according with available equipment

[MpocToTa CNycKkonoabEéMHbIX Onepaunn 1 BbICOKAst MaHEBPEHHOCTb Npu
nposeaeHnn pabot

Easy deploy and recovery, high maneuverability during survey



NMpeanaraemas MetoaukKa HabnroaeHnn
New technique
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NMpeanaraemas MetoaukKa HabnroaeHnn
New technique
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AHanus kpatTHocTu (pasmMep 6mHa 1 X 1 M)
Fold analysis (bin size 1 X 1 m)
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[IpakTnyeckoe npumMmeHeHue
pa3paboTaHHOU MeToAUNKM
TPEXMEPHbIX CEUCMOAKYCTUUYECKUX
HabnroaeHnn Ha MeJIKOBOAHbIX
aKBaTopuax

Sea-trials of new technique of 3D
ultra-high resolution seismic for
shallow water



OnbiTHO-MeToAnYecKue paboTbl

Sea-trials
Q MonyyeHo 22 npodunsa anmHon 750 m :

Q 22 profiles acquired (750 m length each)

a O6wasa annHa npodunen 16.5 kM
A Overall length of profiles — 16.5 km

d lNnaHoBoe MexnpodubHOE paccTossHne 3 M

Q Planned sail-line spacing - 3 m HUC «CtypeHT>»

R/V "Student”




Annapartypa
quipment

McTounuk CSP-D 2400 U3nyuyaTenb TUMNa «cnapkep»
HV power supply CSP-D 2400 Sparker source

CencMmoakKycTnyeckas Koca m ctaHumsa Neonr-lennd x 2
Seismic streamer and recording system Geont-Shelf X 2



NapaMeTpbl CbeéMKHU
Survey parameters
[IpnéMHasa cucrema

Receiving system

d CencMmoaKkycTnyeckme KocCbl — 2 X 16-KaHasbHble
d Seismic streamers — 2 x 16-channels

Q LWar Mexay kaHanamu — 2 M

A Channel spacing - 2 m

O PacctosHumne mMexay orosioBbeM Koc — 12 M

Q Streamer’s head spreading — 12 m

O MuHuUManbHOe yganeHume — 6.5 M

d Minimum offset — =6.5 m

0 MakcuManbHoe yaaneHune — %33.5 M

d Maximum offset — =33.5 m

QO CkopocTtb ABwxeHusa cyaHa — 2.5 y3na (1.2-1.5 m/c)
Qd Vessel speed - 2.5 knots (1.2-1.5 m/s)



NapaMeTpbl CbeéMKHU
Survey parameters
VICTOYHUK TuUna «crnapkep»
Sparker source
DHeprusa — 100 [Ox
Energy — 100 J

Yumcno sanektpoaos — 100
Number of electrodes — 100

NHTepBan Bo36yxaeHus — 0.5 ¢
Shot point interval - 0.5 s

OO0 00 0o

Cucrema perucrpaluu

Recording system

O WHTepBan guckpetmsaumm — 0.1 McC
d Sample interval - 0.1 ms

O AdnunHa 3anucm — 200 Mc
d Recording length — 200 ms



Annapartypa n MeToaMkKa
Equipment and method
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BHewHUN B4 cCUCTeMbl HabnrwoaeHmm
Receiver array layout




O6paboTka AaHHbIX TPEXMEepPHbIX
CeMCMOaKYyCTUYEeCKUxX HabnroaeHmmn

Processing of 3D ultra-high
resolution seismic data



W=

'pad o6paboTkm
Processing flow

. 3arpy3ka rnosieBblX CeEMCMorpamMm B cuctemy obpaboTku
. BBOA cTaTnyecknx nonpasoK 3a annapaTypHYIO 3a4epXKKy

v s

© W N O

LCoONOUNRAWNK

Pacyer u npucBoeHume reoMeTrpum HabsrogeHnm, KOHTPONb
KayecTBa

AMNNNTYAHAsA KOppeKumsa v nosiocosasd punbtTpaumns

NogasneHmne nomex-BblOpocoB uNbTpaumen B 4YaCTOTHO-BPEMEHHOM
obnactu

YMeHbLIEHNe B/INSIHNUS BOJIH-CITYTHUKOB

banaHcMpoBKa aMnnTyL

. Pacyer cratn4yeckmnx nornpaBokK

BBOA KMHEMATUYECKUX MOMPaBOK M CyMMMUpoBaHue no metoay Ol T

Importing of field data to processing project
Applying static corrections for time delays
Computing and applying of geometry, QC
Amplitude correction and bandpass filtering
Burst noise removal with using TFD

. De-ghosting with using adaptive recursive filtering

Balancing amplitudes
Computing of static corrections
NMO and stack

O6paboTtka npoBeaeHa c ucnonblosaHmem RadExPro
Processing was done with using RadExPro Software



KOHTpOﬂb KadecTBa noJjieBbiX AaHHbIX

7 8 9 10 11

Flel

15 16

d data QC
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Common source gather. Channels with low S/N ratio marked red
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KaHanbl co cnabbiM ycuneHmnem
Channels with low S/N ratio

[ToMexun-BbIOpOCH! («cnankmn»)
Burst noise and spikes

N3MeHeHne cornacoBaHHOCTU CUrHana
Changing of wavelet coherency

30Hbl HYNEBbIX aMNANTYA
CeEMCMUYEeCcKnx Tpacc
Zero-amplitudes zones



KOHTpPOJ/1Ib KayecTBa pacyeéTta reoMmeTpmm
Geometry QC

YpaBHeHME LUenHon NMHuu _ ({) _ . x _x
Catenary line equation y(x) = axcosh{—) =2 (e7a+e™7a)
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CpaBHeHMe BpeMEH nepBbiX BCTYMJIEHNUN NPSAMON BOJIHblI Ha cencMmorpammax OlB
Comparison of computed and theoretical times of direct wave
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BbUHMpoOBaHMEe U pacyeT KapT KPaTHOCTH
Binning and fold map

30
150
120
100

50

2000 400 600 800 1000 1200 1400

Pa3smep 6MHa Bin size 0.5 X 0.5
MuHMManbHaA KPaTHOCTb Minimum fold 1
CpeanHAs KpPpaTHOCTDb Average fold 5

MakcMMmanbHana KPpaTHOCTb Maximum fold 30



PacueT cTaTUyeCKux nonpaBok
Computing static corrections

120 - : 30 120 e "_; 4
100 - 100 - e = I
80| 80 =
60 60 B 0
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20T 20 [ o ]
A B[ 100 200 3% ' 400 500 600
120 1r
100 .
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60 o /o, |
40 J
20 i 5 10 15 20
b 100 200 300 400 500 600 I
(A) NMuknpoBKa MOPCKOIro AHa
First break (bottom) pick
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NMpuMeHeHue cTaTu4yeCcKux nonpaBok
Applying static corrections
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NMopaBneHne noMmex-Bblbpocos
Burst noise and spikes removal
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ApanTtuBHasa peKypcuBHasa dunbTpauus
(noapaBneHue BOJIH-CNYTHUKOB)
Adaptive recursive filtering (de-ghosting)
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NMony4yeHHbIN CEUCMUYECKUN KYO
Final seismic cube




