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OCHOBHbIEe NoNoXeHus

1. Kpyutnueckaa cutyaumsa ¢ HepTaAHbIMU
pecypcamMu nopoxaaeT NnoTpebHOCTb U3BnevYeHus
OCTaTO4YHbIX PeCypCoOB Ha CTapbIX
MEeCTOPOXAEHUAX U pa3paboTKN MeSIKMUX
CJTIOXKHOMOCTPOEHHbIX MECTOPOXAEHUN.

2. PeweHune chopmynupoBaHHOM 3agaumn TpedyeT
NOCTPOEHUA NO AaHHbIM cCencMopa3BeKu Gonee
AeTaribHbIX U AOCTOBEPHbLIX Moaerneun
NPOAYKTUBHbIX MNNacToB.

3. CoBpemeHHasa cemcmMmopa3sBeaKa Ha
nosepxHocTu n BCI1 xapakTtepusyetca psaaom
NPUHUUNUANbHbIX OFPaHUYEeHUN, He
NO3BONAKOLWMX YBENMYNBaTbL JOCTOBEPHOCTb U
pa3peLleHHOCTb pe3ynbTaToB.

4. CoBpeMeHHble TpeXMepHble CUCTEMbI
Ha6noaeHnn 2D+BCI n 3D+BCI1 npeacrtaBnsaioT
BO3MOXHOCTb COBMECTUTb NpeumyLiecTBa
cencmopasBeku Ha nosepxHocTu u BCI1,
obecneynBarOLWMUX BO3MOXHOCTUN peLleHUs
NoCTaBJIeHHbIX 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.



HepocTtaTkm cemcmopasBenkm Ha noBepxHocTtu (CI)
Drawbacks of Seismic Exploration on the Surface (SES)

1) OTcyTcTBMe MHdoOpMauumn o pacnpeneneHMm NCTUHHbIX CKOPOCTEeN
pacnpocTpaHeHus1 NPOoAOoSibHbIX U MOoMepeYHbIX BOJIH
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) Murpaumnsa Ha ocHOBe CyOropmsoHTanbLHOU Mmoaenu
3) Imaging procedures is based on sub-horizontal velocity model



CkopocTHasa mogenb u3 CIl (Geodepth) N3o6paxeHue CI1
Velocity model from SES (Geodepth) Image from SES
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MeToauka HabnoaeHun 2D+BCIM KoHTponb rnybuHHbIM npnbopom 2D+BCI1
Observation system of 2D+VSP Downhole control from 2D+VSP
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U3meHeHne hbopMbl cUrHana Ha 3anucax rmyoumHHoro 3oHaa (crnesa)
n Ha cencmorpamme CI1 (cnpaBa)
Signature variation in downhole geophone (left)
and SES records (right)




arth’s surtace

N = pV - Impedance
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Murpauusa gaHHbix CIl. Kakoun orBeTt?

Migration of SES data. What is the answer?



HepocTtaTtkm BepTuKanbHoro cemcmmyeckoro npocdpunmnposaHus (BCII)
Drawbacks of Vertical Seismic Profiles (VSP)

1) N3-3a HECUMMETPUYHOCTU CUCTEMbI HabNOAEeHUA pa3Hble Y4aCTKU rpaHuLbl
ocBeLlalTcAa noa pasHbIMU yrinamMmu

1) Due to asymmetry of the acquisition geometry various parts of an interface are
illuminated under different angles
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2) HeBO3MOXHOCTb NoAaBsieHUA KPaTHbIX BOJIH

2) Efficient reduction of multiples is not available 'vvv
I MA/A




pacdhmnkn 3aBuUcuMmocTn K03achpULNEeHTOB OTPpaXKeHMUA OT yrra nageHus NnpoaosibHOMU
BOJIHbI HA rpaHULy pasgena cpes
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OTpaxeHHble P-BOJSIHbI
Reflected P-waves
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CkopocTHasa moaernb
Velocity model
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OTpaxeHHble PS-BOSHbI ‘
Reflected PS-waves




CootHoweHune mexay CI1, BCIN n 3D+BCI1
Relation between SES, VSP and 3D+VSP

Cuctema HabnoaeHua BCI Cuctema Habnoaenunu CI1 n 3D+BCI
VSP acquisition geometries SES and 3D+VSP acquisition geometries




CkopocTHasa mopenb u3 CIl (Geodepth)
Velocity model from SES (Geodepth)

KoHTponb rmyouHHbIM npndopom 2D+BCI
Downhole control from 2D+VSP
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YToyHeHHasa CKOpOCTHasa MoAaenb
Adjusted velocity model
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3anuncu rnyouMHHoro npubopa
(cneBa — 0o KOppeKuuU, cnpaBa — Nocrie Koppekumm ¢popmbl UMMNyrbca)
Deep geophone records
(left — before correction, right — after signature correction )
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3anucu Ha3eMHOro nNpueMHuUKa At HeCKOSMbKMX MYHKTOB B3pbiBa
(cneBa - oo KoppeKkuuu, crnpaBa - Nocne Koppekunum popmbl UMMNyfibca U CTaTUKU NO
3anucsam 3oHaa BCIN)
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 crnos, BK/o4Yarowero 30Hy Mep3soThbl
(nony4eHo no metoauke 3D+BCI)
Layer velocities map including a permafrost area
(obtained as a result of 3D+VSP acquisition)



Cencmorpammbl Ol cbemkun 2D go (a) n nocne (6) koppekuuu no cucrteme 2D+BCI1
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ConocTtaBneHue pe3ynbratoB 06padoTkm gaHHbIx 3D+BCI1 (cnpaBa)
u ctaHgapTtHoro 3D (cneBa)
Comparison of processing results by means of 3D+VSP technique (right)
and ordinary 3D technique (left)
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u ctaHpgaptHoro 3D (cneBa)
Comparison of processing results by means of 2D+VSP technique (right)
and ordinary 3D technique (left)



Mopenb-6a3npoBaHHasa o6paboTka n murpauus
Model-based processing and imaging

N = pV - Impedance A= pV - Impedance
Yo > Vi Yo > Vi

Target object

Murpauua paHHbix CIl. Kakon otBeT? BekTopHaa moaenb-6a3mpoBaHHas
Murpaums. Het npobnem.
Migration of SES data. What is the answer? Vector model-based migration. No problem.




Mopenb-6a3npoBaHHasa o6paboTka n murpauus
Model-based processing and imaging

Murpauuna Kupxrodda
MoaenbHbIX AaHHbIX BCI1

BekTopHasa murpauus
MoaenbHbIX gaHHbIX BCI1

Kirrchhoff migration of
the synthetic VSP data

Vector migration of the
synthetic VSP data




BbiBOAbI

1. Ceicmopa3BeaKa Ha NOBEPXHOCTU peLuaeT

OCHOBHbIe COBpeMeHHble pa3Bengo4Hble 3aga4un, HO

nMmeet npuHunnmasibHblieé orpaHn4YeHus .

- HeornpeAnesyieHHOCTb CKOpOCTHOVI MoAderu,

- HeornpeAnesieHHOCTb (bOprI CUrHarna,

- ynpoueHHasa moaesib cpeabl AJid MUTrpalnmn.

2. BCI1 o6ecneunBaeT ogHO3Ha4YHOe pelleHue 3agaymn
NPUBA3KN OTPAXXEeHUN Ha NOBEPXHOCTU U N3yYeHue
OnMXHen 30HbI, HO BCce moaucdunkaumm, Bknrovas 2D

BCI1 n 3D BCI1, obnagatoT cywecTtBeHHbIMU
HeyCTPaHUMbIMU HeJoCTaTKaMu, CBA3aHHbIMMU C
HECMMMETPUYHOCTbLIO FreOMEeTPUM HabnoaeHnn .

3. KoMOMHMpoOBaHHbIe CUCTEMbI HAONOAEHUN
2D+ BCI n 3D+BCI1 no3BonsiloT pewaTtb 3agaum.
- YTOYHEHUe CKOPOCTHOU MoAenu,

- OleHKa UCTUHHOMN (hbopMbl CUrHana,

- peanusauunsi BEeKTOPHON MoAenb-6a3upoBaHHOMN

MuUurpauumm.

4. TpexmepHble cucTeMbl HabNAEHUN N Mmoaernb-

6a3upoBaHHasa o6paboTka MOryT ObITb
peKoMeHAOBaHbl Kak O4HO U3 HanpaBleHUn

Cconclusions

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. VSP provides accurate solutions to tie
surface reflections to logs and investigation of
near borehole space for small offsets. But all
modifications of VSP including 2D VSP and 3D
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

NoBbILEeHNA MHPOPMATUBHOCTU cencMmopa3sBeakm ans resolution and accuracy of seismic exploration

yAoOBneTBOpEeHUsA notpedbHocTen HePTAHOMN
NPOMbILUNEHHOCTH.

to meet challenges of oil industry.



