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OCHOBHbIE NONOoXeHus

1. Kputnyeckasa cutyaumsa ¢ HepTAHbIMMU
pecypcamMu nopoxaaet NoTpebHOCTb U3BrneYeHus
OCTaTOUYHbIX pecypcoB Ha CTapbIX
MeCTOPOXOAEHUAX U pa3paboTKU MenKux
CNOXHOMOCTPOEHHbIX MECTOPOXAEHUN.

2. PeweHune cchopmynupoBaHHOM 3agaum TpebyeTt
NOCTPOEHUA No AaHHbIM ceMcMopa3Benku donee
AeTarnbHbIX U 0OCTOBEPHbLIX MoAenen
NPOAYKTUBHbIX NNacTOB.

3. CoBpemeHHas celcMopa3BenKa Ha
noBepxHocTu u BCI1 xapakTepusyerca psaom
NPUHUMUNNANBbHbLIX OFPaHUYEHUNA, He
NO3BONSAIOWMUX YBENMYUBATL 4OCTOBEPHOCTL U
pa3peleHHOCTb pe3ynLTaToB.

4. CoBpeMeHHble TpexXMepHble CUCTEMbI
Ha6noaeHunn 2D+BCI n 3D+BCI1 npeacraBnstoT
BO3MOXHOCTb COBMECTUTb NpeumyLiecTBa
cerucmMmopasBeKkun Ha noBepxHocTu n BCI1,
obecneunBaloWX BO3MOXXHOCTU pelLleHuns
nocTtaBreHHbIX 3a4au.

Main items

1. Critical situation when mature oil
deposits are exhausted leads to the need
for extraction of residual oil deposits
from old reservoirs and development of
new small reservoirs characterized by
complicated geological structure.

2. Solution of the specified problem
requests for more detailed and accurate
models of productive layers to be
recovered from seismic exploration data.

3. Both modern surface seismic
exploration and VSP technologies feature
a set of principal drawbacks constraining
further increase in accuracy and
resolution of processing results.

4. Modern 3D acquisition geometries
2D+VSP and 3D+VSP provide for
integration of the surface seismic and
VSP surveys allowing to solve the
identified problems.




HepoctaTkm cencmopassenkm Ha nosepxHoctu (CIl)
Drawbacks of Seismic Exploration on the Surface (SES)

1) OTcyTcTBMe nHdopmMauum o pacnpeneneHnm UCTUHHbIX CKOPOCTEN
pacnpocTpaHeHUs NPoaAosibHbIX U NOMNEepPeYHbIX BOSIH
1) Lack of information about actual P and S waves velocity distribution

2) OTcyTCcTBME TOUYHbIX cBeaeHun o popme curHana
2) Exact information about signature is not available

3) Murpauusa Ha ocHOBe CyOropmM3oHTaribHOU Mmoaenu
3) Imaging procedures is based on sub-horizontal velocity model




CkopocTtHaa moaenb u3 CIl (Geodepth) N3o6paxeHue CI1
Velocity model from SES (Geodepth) Image from SES
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MeTtoauka HabnrogeHun 2D+BCI KoHTponb rny6uHHbIM npudopom 2D+BCI1
Observation system of 2D+VSP Downhole control from 2D+VSP
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U3meHeHMne hopMbl curHana Ha 3anucax rmyouHHoOro 3oHaa (cnesa)
n Ha cencmorpamme CI1 (cnpaBa)
Signature variation in downhole geophone (left)
and SES records (right)




Hepoctatku BepTukanbHoOro cencmuuyeckoro npocgpunuposaHus (BCI)
Drawbacks of Vertical Seismic Profiles (VSP)

1) N3-3a HECUMMETPUYHOCTU CUCTEMbI HaONIOAEHUA pa3Hble YYaCTKU rpaHuLbl
ocBeLlaTcAa noa pasHbIMU yriiamu

1) Due to asymmetry of the acquisition geometry various parts of an interface are
illuminated under different angles
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2) HeBO3MOXHOCTb NoAaBreHUA KpaTHbIX BOJSIH

2) Efficient reduction of multiples is not available vvv
l"“/‘
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OTpaxeHHble P-BOJSIHbI
Reflected P-waves
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CKopocCTHasi Mogernb A
Velocity model

OTpaxeHHble PS-BOMHbLI ‘
Reflected PS-waves




Cucrtema HabnrogeHuu CI n 3D+BCI
SES and 3D+VSP acquisition geometries

Relation between SES, VSP and 3D+VSP
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Cucrtema HabnogeHusa BCI1
VSP acquisition geometries




CkopocTtHasa moaenb u3 CIl (Geodepth)
Velocity model from SES (Geodepth)

Hesans 0o HOYTOMHERHOA MOTEm

KoHTponb rny6uHHbIM npubdopom 2D+BCI1

Downhole control from 2D+VSP
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YTOo4yHeHHas CKOpoCTHasa Moaenb
Adjusted velocity model
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3anucu rnyouMHHoro npubopa
(cneBa — oo KoppeKkuun, cnpaea — Nocrie Koppekuumn popmbl UMNyIbCa)
Deep geophone records
(left — before correction, right — after signature correction )
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3anncum Ha3eMHOro NpueMHUuKa Ansi HECKONbKUX NMYHKTOB B3pbiBa
(cneBa - 0O KOppeKkuuu, crpasa - Nocrie Koppekumm popmMbl UMMNysibca U CTaTUKKU MO
3anucam 3oHaa BCI)
Surface geophone records for some shot point
(left — before correction, right — after correction of signature and static with the use of
downhole reference geophone)
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KapTa ckopocTeu cnos, BKIoYarowero 30Hy Mep3soThbl
(nonyyeHo no metoauke 3D+BCI)
Layer velocities map including a permafrost area
(obtained as a result of 3D+VSP acquisition)
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ConocTtaBneHue pe3ynbratoB 06padboTtkm paHHbIX 3D+BCI1 (cnpaBa)
u ctaHgapTHoro 3D (cneBa)
Comparison of processing results by means of 3D+VSP technique (right)
and ordinary 3D technique (left)
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ConocTtaBneHue pe3ynbLraTtoB 06pa60TKV| AOaHHbIX 2D+BCI'I (cnpaBa)
u ctaHgapTtHoro 3D (cneBa)
Comparison of processing results by means of 2D+VSP technique (right)
and ordinary 3D technique (left)




Conclusions

BbiBoabl

1. Ceicmopa3BeaKa Ha MNOBEPXHOCTU peluaeT
OCHOBHbI€ COBpeMEeHHbIe pa3BeaoYvHble 3a4ayuu, HO
UMeeT NMpUHUUNuaribHble orpaHuYeHus:

- HeonpeaerieHHOCTb CKOPOCTHOU MoAernu,

- HeonpeAaerneHHoOCcTb POpMbI CUrHana,

- ynpoluieHHass Mmogenb cpeabl AN MUTpaLuu.

1. Seismic prospecting on the surface solves
main modern exploration problems, but
contains fundamental limitations:

- inaccurate velocity model,

- inaccurate signature determination,

- simplified model for migration.

2. BCI1 o6ecneunBaeT ogHO3Ha4YHoe pelleHue 3agaum 2. VSP provides accurate solutions to tie
NPUBA3KU OTPaXXeHUN Ha NOBEPXHOCTU U U3y4YeHUue surface reflections to logs and investigation of
OGnuxHen 30HbI, HO Bce Mmoaudukauum, Bknrodas 2D near borehole space for small offsets. But all
BCTI1 n 3D BCI1, o6napatoTt cywecTtBEHHbIMMU modifications of VSP including 2D VSP and 3D

HeyCTpaHUMbIMU HeJoCTaTKaMU, CBA3aHHLIMMU C
HECUMMETPUYHOCTbLIO reOMeTPUN HaAGNIAEHUN .

3. KomMOGuHupoBaHHblIe cucTeMbl HabGNOEHUN
2D+ BCI1 n 3D+BCI1 no3BonsoT pewaTtb 3a4auu:
- YTOYHEeHMe CKOPOCTHOM MoAaenu,

- oLlleHKa UICTUHHOMN (hopMbI cUrHana,

- peanu3aums BeKTOPHON Moaenb-6a3npoBaHHOMN

MUTpaLum.

4. TpexmepHble cucTeMbl HabNAEHUA U Moaenb-

GasupoBaHHasa obpaboTka MoryT ObITb
peKoMeHAOoBaHbI KaK O4HO U3 HarnpaBrieHUNn

VSP contain sufficient uncompensatable errors
due to insymmetrical acquisition geometry.

3. Combined acquisition geometries 2D+VSP
and 3D+VSP provides more accurate solutions
for next problems:

- adjustment of velocity models,

- estimation of true signature,

- model-based vector migration.

4. 3D acqusition systems and model-based
processing may be recommended as one of
leading developments for improvement of

NoBbIWEeHNUA MHPOPMaTUBHOCTU cencMmopasBenku ans resolution and accuracy of seismic exploration

yAoBneTBopeHus norpedbHocTen HedpTAHOMN
NPOMbILWWSIEHHOCTMU.

to meet challenges of oil industry.




BuiBoabl

CoBpemMeHHOe COCTOsIHUEe 3anacoB U TEMMNOB 3KCNyaTauuu HedpTAHbIX
MECTOPOXAEHNN CTaBUT HA NOBECTKY OAHA HeOOXOAUMOCTb CYLEeCTBEHHOro
NOBbIWEHNUA Pa3peeHHOCTU U TOYHOCTU U3YUYEeHUA NPOAYKTUBHbLIX NNacToB AnA
AOU3BIIEYEeHNs1 OCTAaTOYHbIX 3aMacoB U IKCNyaTauuu MarsiblX CITOXKHOMOCTPOEHHbIX
MEeCTOpPOXAEHUMN.

MNMpennoxeHHOe HanpaBfieHUe UCMOSIb30BaHUA TPEXMEpPHbIX CUCTEM HabnaeHUs
(3D+BCI1) npeaoctaBnsieT BO3MOXHOCTb COBMECTUTbL NpeumMylLluecTsa
ceucmopasBeaku Ha noBepxHocTu u BCI1, 4To MoOXeT NpUHLUNUANBHO NOBLICUTbL
MHPOPMATUBHOCTL CEMCMOpa3BeaKU.

Conclusions

Modern state of hydrocarbon resources and exploitation temps of oil deposits
demand for significant increase in resolution and accuracy of seismic studies of
productive layers to successfully deal with complicated reservoirs and residual
deposits.

The proposed concept of integrated three-dimensional acquisition geometries
(2D/3D+VSP) allow to combine strong features of both surface seismic and VSP and
extend informational value of seismic exploration




