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Introduction

1.1. Limitations of modern
seismology

Many advantages arize gradually in

seismic acquisition, processing and
interpretation.

Surface 2D field geometry (called
3D), multichannel, multicomponent
acquisition, multiprocessor computer
systems, volume imaging and new
parameters (anisotropy, AVO and so
on) added efficiency to seismic
prospecting.

Nevertheless useful spectrum is
still usually not more than 3.5 octaves,
true velocity models are far from
reality, shear waves are not efficiently
used and 3D acquisition geometry is
not still actual.

1.1. OrpaHn4YeHmnA coBpeMeHHOM
CENCMOIOTUN

B npouecce pa3BuTuA B perncTpauutio,
06paboTKY U MHTEPNpPETALUIO AAHHbIX
cercMmopa3BeKN HeENPEPbIBHO BHOCATCS
YCOBEPLUEHCTBOBAHMS.

[1BymepHble cuctembl HabatogeHUM Ha
NoBepxXHOCTU (Ha3BaHHble 3D),
MHOrOKaHa/ibHass MHOrTOKOMMNOHEHTHas
perncTpaumm, MHOronpoLECCOpHble
KOMMbIOTEPHbIE CUCTEMbI, 0O BEMHbIE
n30b6pa*keHns 1 HoBble NapamMeTpbl
(aHmn3oTponusa, AVO u ap.) caenanu
cemcmopasBegky 6onee appeKTUBHOMN.

Tem He MeHee NoJIe3Hbl CNEeKTP
06bIl4HO He npeBbliwaeT 3-5 OKTas,
onpeaensaemMble CKOPOCTU AaJIeKM O
peasibHbIX, NonepeyHble N 0OMEHHbIEe
BOJIHbI MPAKTUYECKN HE UCMONb3YHOTCA, a
TpexmepHasa peructpauma (3D + BCM) noka
He aKTya/ibHa.



For VSP with much shorter
history many of these problems
already solved.

With adequate technology 7-8
octaves of useful spectrum are
available, only vector acquisition and
full shear waves information are
usual practice and 3D (3D + VSP)
acquisition geometry showed its
efficiency.

These new facilities being
achieved create new reality called
High Definition Seismic (HDS)
following analogies with music.

B metoae BCI1 c ropa3ao 6onee
KOPOTKOW UCTOPMEN PA3BUTUA MHOTUE
N3 3TUX NPobaem y»Ke peLleHbl.

Mpw NnpaBUIbHON TEXHONOTUN
obecneymBaeTca 7-8 OKTaB N0JIE3HOIO
CMeKTpa, TO/IbKO BEKTOPHasA
perncTpaumsa n noaHaa MHGopmaums
N3 nonepeyHbIX BoJIH — 0bblYHaA
NPaKTUKA 1 NOKa3aHa 3pdEKTUBHOCTb
TpexmepHbix Habntoaenu (3D +BCIM).

Peannsauma sTux npemmyLecTs
NPUBOAUT K CyLLECTBEHHOMY
NOBbILWEHUIO NHGOPMATUBHOCTU U
NO3BO/IET BBECTU TEPMUH
CencmopasBenka Boicokon HYeTkocTum
MO aHa/I0ruUK € My3bikon n TB.



1.2. Fundamental principles of
HDS

Usually long term delays in
progress are due to inertion. Many
investments were made in
traditional approaches and their
improvements with the use of
modern achievements in adjacent
technologies.

In HDS approach it is proposed to
use well known common solutions
for well known problems.

- If geological mediums geometry
is sufficiently 3D only 3D acquisition
systems are adequate instrument.

1.2. dyHAaMeHTaNbHbIe NPUHUMMDI
CBY

Ob6bI4YHO AONTOBPEMEHHbIN 3aCTOM
CBA3aH C MHepuuen. bonbWMHCTBO
MHBECTMULUN BKNAAbIBAETCA B pa3BUTUE
CYLECTBYHOLWMNX TEXHONOTUN C
MCNO/Ib30BaHMEM AOCTUNKEHUN B
CMEXHbIX OTpacnax.

B TexHonornax CBY npeanaraetca
Ncnonb3oBaTb obuwme
dbyHAAMEHTaNbHbIE NOAX0AbI K
peLeHno N3BECTHbIX Npobaem BMecTo
TPAANLUMOHHbIX, OCHOBAHHbIX Ha
YNPOLLEHHbIX NoAXoAaXx.

- Ecnu TexHonornyeckas cpeaa
CYLLLECTBEHHO TPEXMEPHaA, TO TOJIbKO
TPEXMEPHbIE CUCTEMbI aAE€KBATHbI
06BEKTY M3YyUHEHUA.



- Shear converted waves are
necessary addition to PP
reflections for true imaging.

- Detecting of useful
reflections in interferential
situation may be optimal only in
process of full wave field analysis

- Correlation and inphase
stacking of correlation functions
ranks may by used to estimate
relations between elements of
sets for example for
determination of static
corrections.

- O6begMHEHHbIE NONEPEYHbIE
BOJIHbI ABNAIOTCA HEOOXOAMMOM
[OMO/IHUTENbHOU KOMMNOHEHTOW ANA
nony4yeHnAa n3obparkeHu B
NPaBU/IbHbIX aMNANUTYAHbIX
COOTHOLLEHUAX (N0 HOpManm K
0b6beKTy)

- BblaeneHne HenCKaXKeHHbIX
None3HbIX BOJIH B UHTepdEPEHLUMOHHOM
CUTYaLUU MOXKET ObITb ONTMMAIbHbIM
TONIbKO B pe3ynbTaTe NoJIHOro aHa/n3a
BOJIHOBbIX MOJEN.

- Kopennauusa n HakanameaHue
PAOOB KOPENNALNOHHbIX PYHKLNMN
MOTYT O6bITb MCMOIb30BaHbI A
OLLEHKM COOTHOLIEHUN MeXAY
31eMeHTaMKM MHOKeCTBa U
NPUMEHATBLCA, Hanpumep, A4
onpeaeneHus CTaTU4ecKnx NonpaBok
(Polycor)



- Closest projection on area of
available solutions with all
available apriory limitations is
natural approach to obtain
realistic solution if no unique
solution is available.

- Apriory limitations are
sufficient instrument to solve
incorrect inverse problems. This
means that optimal solution may
be obtained in iterative process,
where next step uses more
accurate models obtained after
previous step.

- Optimal application of
complex solutions provided by
HDS is available through artificial
intelligence.

- Banxkanwas npoekyma Ha
061acTb 4ONYCTUMbIX PELUEHNI C
YY4ETOM BCEX M3BECTHbIX aNPUOPHbIX
OrpaHUYEeHUN, ABNSAETCA
ecTeCcTBEHHbIM NOAXOA0M ANA
No/ly4eHNA PeaIMCTUYHbIX
peLwweHnn, ecnn eAMHCTBEHHOrO
peleHnA He CYLLLeCTBYeT.

- ANpUOpHbIe OrpaHNYeHUA ANA
ONTMMA/IbHOIO PELIEHNA MOTyT
ObITb YTOYHEHbI B UTEPATUBHOM
npouecce, B KOTOPOM pe3ynbTaT
Ka*KAoro Lara ucnonb3yercs Ans
YTOYHEHUA MOAENN, NONYYEHHON Ha
npeablayLem ware.

- ONnTMMmanbHOE NpUMeHeHne
C/IOXKHbIX PeLIeHnn, peanmnsyrLmx
CBY BO3MOXHO nuLb C
NPUMEHEHUEM UCKYCCTBEHHOIO
UHTENNEKTa.



Basic concepts of HDS processing technology.

3C inside digitizing, no infield

array mixing. Non- resonance

geophone clamping to ground
and well.

POLYCOR static calculation.

Full model-based iterative
analysis of wave fields with model
estimation for each type of wave.

OHcaunT oundpoBKa 3c bes
rpynnnupoBaHua. Hepe3oHaHCHbIN
NPMXMM reopOoHOB.

KOppEKLI,MFI CTaTny4eCKmnXx
NOonpaBoK MO TEXHO/10TUN
«MOJTUKOP».

[MonHbIM Moaenb-6a3nMpoBaHHbIN
aHa/1In3 BOJIHOBbIX MONEN C
OLEHKOW MoAaenn ANA Kaxkaoro
TMNa BOJH.



Statistically consistent 4-factor
deconvolution.

True P, S velocity model from the
surface.

Imaging through vector migration
with true velocity model.

Processing based on concept of
artificial intelligence.

CtaTucTnyecku
npeacTaBuTenbHan 4-paktopasn
NEeKOHBOMOUMUA.

NcTuHHaa moaenb P n S
CKOPOCTEN OT NOBEPXHOCTMW.

[MocTpoeHne n3obparkeHnn
BEKTOPHOM MUTPaLMEN C
MCTUHHOM CKOPOCTHOM MOAENbIO.

ObpaboTKa Ha KOHLUEeNUMK
MCKYCCTBEHHOTO UHTEN/IEeKTa






Result of selection

Regular and
Irregular

Result of
subtraction

P-component R-component T-component



Reflected P-waves and spectrums

Before deconvolution After deconvolution



PP and PS waves summing

VP1/\VP2=0.8

VP1/VP2=1.2 VP1/NVP2=3

Tabakov-Baev formula

Kpp of angle dependence 1
Summing by Tabakov-Baev formula A .=A _(0)+=sin(0)A_(0)
. . .. . . . ppO pp ps
Summing with empiric optimal coefficient 2
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Wavefields energies ratio

A — with offsets, B —f or shots, C — for receivers D — absolute values,
E — depending on frequency.
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Acquisition geometry




Conventional VSP (left) and 3D+VSP (right) acquisition geometries
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Comparison of processing results by means of 3D+VSP technique (right) and
ordinary 3D technique (left)

@
N -‘4
~‘1 -’1«""‘

vl

e
,,Ny;,é.mll
e

“ 'h'
oA ‘I:,': r;“-.d‘w. )

VAT
(’ %‘(ki‘f g '(lth:h:'(: ]? i

f
$ i i
m"' ' '( } IR, ‘1’ J
“t by LY
g U, ¢ 3 A
h )

w [HE )

T
*M‘-!I 3‘!

“'.e\ )
o ‘.«-.«l
“\“‘!’ 2{,‘ 1 1A o i Nt f A it 1
) !'ﬂla g‘M’n A i1t ph b et v ,“,’J:h-:f’.l!hnui“' !’hu‘i\'u.
Il o 4 4 BN h et LAl AT ]u

%
‘ud ;u;r- %

o

) l"’im’

VT o Wity | ¢ " " -

5\.'«":«‘15\«0 N Y «‘” i untim? P 4 AL e 3 e i’ e it s‘ ,g«lﬁwk\u'!'.)lh"

A1 AN I ‘|" e ': ’ N "~"n‘1y.« v 1112 " il weigth!
" [ ol

el g i

M.a.'.‘
A i wﬁ.
JI il'“n.. i .*'fﬁj..kum G

(I "
llm},!ﬁlii]!'llhgrﬂ ‘ ! uu}é‘ﬁé




Velocity model adjustment in 3D+VSP survey
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Shot-based, receiver-based statics and relief (Eastern Siberia).




Shot-based and receiver-based statics (Permafrost Western Siberia).
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Kinematic analysis

Polynomia

CSP seismogram Coherency approximation

Offset, m Hyperbolic parameter (ms / 1000 m) K1
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Wavefield analysis
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CDP sections fragment
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PE3Y/IbTATbI

B coctaBe CencmopasBenku
Bbicokon YéTKocTm (CBY) Ha
OCHOBEe PyHAAMEHTabHbIX
nccneaoBaHMi pa3paboTaHbl
HOBble MeToAbl, TEXHONOIUU U
pekomeHaaumMm, HanpaBAeHHbIE Ha
CYLLEeCTBEHHOE pacluupeHmne
YAaCTOTHOro AMana3oHa- ¢ 3-3.5
OKTaB A0 6-7 OKTas..

1. PekomeHaauuu no
TPEXMEPHbIM CUCTEMAM
HabnoaeHnn 30+BCIM n
nporpammbl 06paboTKM C Lenbo
OLEHKW N UCNONb30BaHUA
MCTUHHbIX CKOPOCTEN U UCTUHHOW
dopmbl cnrHana.

RESULTS

New methods and technologies
called High Definition Seismic
(HDS) have been developed
based on fundamental
approaches aimed to increase
frequency band from 3-5 octaves
to 6-7 octaves.

1. 3D = VSP technology for 3D
acquisition geometry developed
to make available true velocities
and true signature.



2. PekomeHAALMM MO NPUKUMY 2. Nonresonanse technology of
CENCMONMPUEMHUNKOB K TPYHTY C clamping geophones to the
LLeNbto YCTPAHEeHUA pe30HaHCOB. ground is recommended to

remove resonance appearances.
3. PeKomeHpgauum no

onepexatoLLen permcTpaLmm c Lesbio
OLLEHKMN WU UCMONb30BaAHMUSA
XapaKTEPUCTUK LLYMOB.

3. Registration of noises before
shot is recommended to be used
for better noise suppression.

4. Pa3paboTaHa NoNHOYACTOTHAA

TEXHON0OMMNA KOPPEKLUNM CTaTUYECKUX 4. Full frequency band technology
NonpaBoK Ha 6a3e YHMKaNbHOrO “Polycor” developed providing
metoga NMNOJIMKOP», realistic static corrections for
obecneunBatowan peasiMCTUYHbIE dealing with sharp static
NoNpaBKKN NPU Pe3KNX Bapuaymax variations.

mowHoctn MMIT.

5. The signal enhancement
technology is developed on the
base of full iterative wavefield
analysis.

5. PeannsosaH cnocob
BblAE/IEHNA NONE3HbIX CUFTHAN0B Ha
OCHOBE NONIHOIro UTEePaTUBHOIO
aHa/In3a BOJIHOBbIX NMOJEN.



6. CKOHCTpyMpoOBaHa KoHLUenuuAa
NCNONb30BaHMA CTaTUYECKUX
nonpaBoK, 0606WEHHOro aHanM3a
CKOPOCTEN U aBTOMATUYECKOWN
Koppenauumn Ana OUeHKU
NepBUYHbIX roaorpados u
COBMECTHOM MHBEPCUM C
rogorpadamu Nepsbix BCTYN/IEHNA.

7. ObocHOBaHa TEOPETUYECKMU
N NPOAEMOHCTPUPOBAHA Ha
MOZENbHbIX AaHHbIX METOAMKaA
BEKTOPHOW MUTPaLMU U
CYMMMPOBAHUA NPOAONbHbIX U
nonepeyvHbIX BOAH ANA NOBbIWEHMNA
ANHAMUYECKOM
npeacTaBUTENbHOCTU Pe3ynbTaToB.

6. Concept to use static shifts,
velocity analysis and automatic
correlation is proposed to
estimate primary reflections
time graphs and joint velocity
inversion with first break times
technology is vector migration.

7. Theoretically based and
mathematically modeled as
well as stacking of PP and PS
waves to make amplitudes
more informative.



PEKOMEHOAUMM

PekomeHayeTcA BbINOAHUTD
LWIMPOKoe onpoboBaHume
TEXHO/IOTNM B YCNOBUAX, KOraa
pe3ynbratbl TPAANULMNOHHOM
06paboTKM ABHO HEAOCTOBEPHDbI
MAN BHYLUAKOT COMHEHMUA.

[Tpn NONOXKUTENBbHbIX
pe3ynbraTax OCyLWecTBUTb
NoCTEeNEeHHbIN Nepexoa, K
TexHonornm CBY c uensto
NPUHUMNUANBHOINO NOBbIWEHUA
3P PEKTUBHOCTH
CeMcmopasBegKu.

WWW.geovers.ru

RECOMMENDED

Wide experimental processing
for different conditions is to be
made in the surroundings where
traditional results are not
reliable.

Positive results have to provide
application of HDS technology for
radical improvement of seismic
prospecting efficiency

WWW.ZEOVErs.com



