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IBONOLMA TEXHONOTUM
Evolution of technologies
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[Tlouemy reocTaTUCTUKA?
Why geostatistics?




Data integration problem

* OtcytcTBUe egnHoM meTpukn / Lack of common metrics




CoBOKYMHOCTb HeonpeaeneHHoCTen
A complex of uncertainties
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CoBOKYMHOCTb HeonpeaeneHHoCTen
A complex of uncertainties

MeTtpodcdunaukal CeiicMukal
«_Petrophysics | Seismic
KepH/ « > Paspabotka/
Core P Production R Meonorus/
C—

Geology

s
A

MacwTtab HabnoageHun/Observation scale

NcTopus Feonorus/

Celicmukal TpeHnapl,

WHTepnpeTauus TNC/ Seismic ~ nponopumn/ paspaboTku/ Geology
Log interpretation Trends, Production
proportions history
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_BO3MO)KHbIe NYyTU CHUXXeHNA HeonpegeneHHoCTu /
Possible ways to reduce uncertainties

* YMeHblleHue HeonpeaeneHHOCTU B paMKaXx OoTAEe/IbHbIX MeTO408B

/ Reducing uncertainties within different disciplines
**Pa3paboTKa bonee coBeplleHHbIX METOA0B HabaoaeHun/
Development of better observation techniques

s*YnyyweHne anroputmoB 06paboTKM U MHTepnpeTaummn/
Enhancement of processing and interpretation algorithms




_ BO3MOXHble MYTU CHUXKEeHUA HeonpeaeneHHOCTH
Possible ways to reduce uncertainties

*  UHmeepayusa eceli umerowelica Ha mecmopoxcoeHuu UHghopmayuu
0719 02paHuUYeHus HeonpeodesneHHOCMuU 8 rnoay4yaemom peweHuu/
Integration of all field data to reduce uncertainty in the solution

10




[eocTaTUCTUYECKOE MOAENNPOBAHUE,
ynpangemoe CEMCMUYECKUMU AaHHbIMMU
Seismic driven geostatistical modeling




€ MOAEeNMPOBaHMe, ynpaBisiemoe CEMCMUYECKUMU JaHHbIMU
Seismic driven geostatistical modeling

* [pu3HaTb, YTO BXOAHAA MHPOPMaLUA (M3MepeHNsa 1 reoNornmvyeckme 3HaHMA) coaepKaT
HeonpeaeneHHoctn / Recognize that input information (measurements, geology) contains uncertainties.

e CdopmynmposaTtb npobaemy B TEpMMUHAX BEPOATHOCTM N PELLUNTb €€ Ha OCHOBE IyYLUMX CTAaTUCTUYECKUX
meTonoB / Phrase the problem in probabilistic terms and solve it using advanced statistical techniques.
* [locTpouTb MHOXECTBEeHHble peannsaumn, kotopble / Produce multiple realizations that:
— YnosneTBopatoT Bcen BxoaHo nHdopmaumum / Honor all input information
— OTpaxaloT MHOMKecTBO UCToYHUKOB HeonpeaeneHHoctn / Reflect the multiple sources of uncertainty

— [1aloT BO3MOMKHOCTb NMOHATb, YTO Mbl 3HaeM U Yero — He 3Haem o Hegpax / Give insight into what you know and
what you don’t know about the subsurface

* Tpwu rnasHbix cocTanaowmx / Three major components:
— CraTtuctmyeckoe mogenvposaHue / Statistical Modeling
— baliecosbl BepoaTHocTH / Bayesian Inference
— Anroputm MoHTe-Kapsio Ha ocHoBe Uenu Mapkosa / Markov Chain Monte Carlo




CTaB/AKOLWAA — CTaTUCTUYECKOEe MOAE/IMPOBaHNE
Component 1 — Statistical Modeling

*  TwaTtenbHo onpenenntb GyHKLMM NAOTHOCTM BEPOATHOCTM, aCCOLMMUPOBAHHbBIE C PA3/IMYHBIMU MCTOYHUKAMM
naHHbIx / Determine carefully the probability density functions associated with input data sources.

*  Kaabl UICTOYHUK AaHHbIX onpeaenseT HeKoTopyko «obnactb HeonpeaeneHHocTn» / Each input data source
defines an “uncertainty envelope”.

*  Kaxkaana us Hux npeactaBnseT MHGOPMaLMIO M3 O4HOMO UCTOYHWMKA, HO OCTABAAET 3HAUYUTE/IbHYIO
HeonpeaeneHHocTb / Each on its own captures information from one data source but leaves a lot of ambiguity.

JaHHble D

AnpuopHas nidopmaums | / Prior Information |
Data D

[MpocTpaHCTBO COCTAHUN
pesepByapa X /

Feonorus
Geology

Reservoir State Space X

CenicMMKa n UMNynbCbl
Seismic & Wavelet
=%/
-
- ’;(
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Feoctatuctuka / Geostats

Well Logs

OaHHbie TUC




BTopaa coctasnamowan — npmHumn baneca
Component 2 — Bayesian Inference

O6beanHUTL 3T GYHKLMKN NAOTHOCTU BEPOATHOCTU B «1/106a1bHY0» QYHKLMIO NNOTHOCTU BEPOATHOCTU, NPEACTABAAIOLLYI0O anOCTEPUOPHYHO
®IB pesepByapa Npu 3a4aHHbIX CEUCMUYECKMX AaHHbIX U ApYyroi anpuopHoi nidopmauum / Merge these probability density functions
into a “global” probability density function representing the posterior pdf of the reservoir given the seismic and prior information.

MepeceyeHne Bcex «obnacTelt HeonpeaeNeHHOCTUY ABAAETCA OCTaTOUYHOM HeonpeaeneHHocTbio / The intersection of the “uncertainty
envelopes” is the ambiguity left over.

[MpaBuno baneca /

[MpocTpaHCTBO COCTAHUN

pesepsyapa X / Baves’ rule CDyHI.(LI,Mfr'l HpaB,CI,OHO:CI,O6V|ﬂ
_ Likelihood function
Reservoir State Space X
AnpuopHaa ®I1B
P{D X )P(X|] ) =
P(X|D,1) = (DX )P(X|1) Prior pdf

P(D)

l Hopmanunsyrow,ana KOHCTaHTa
Normalisation constant

- 3 P(OIX)P(X)

“ArnocmepuopHas @I1B pesepsyapa rnpu umerowuxcsi 0aHHbIX U arpuopHou uHgopmauuu |
rnpornopyuoHarnbHa yHKUUU rnpasdornodobus 0aHHbIx Orsi aHHO20 pel3epesyapa
YMHOXeHHoU Ha Dl1B pesepsyapa”

“The posterior pdf of the reservoir given t
to the likelihood of the data given the res

AnoctepunopHaa ®IB
Posterior pdf




Baaowaa — metoa MoHTte-Kapno Ha ocHose uenn MapKosa
Component 3 — Markov Chain Monte Carlo

Moyemy? CNOXKHOCTb pelleHua npobaembl 6anecoBoit BEpPOATHOCTM 3aKNHOHAETCA B UCKAOYUTENbHOM CIOMKHOCTU MU MHOFOMEPHOCTU
anoctepunopHoin dyHKUuKM naotHoctu BepoAaTHoctu / Why? The difficulty in solving the Bayesian Inference problem is that the

posterior probability density function is extremely complex and multidimensional.
OpagHako coBceM Apyroe gerno nocTpouTb BeIOOpKY U3 OB, noxoxen

Bbibopky n3 npocton ®BI1
Ha 3Ty / But what about sampling from a complex pdf like this?

coenarb nerko / Sampling from
a simple pdf is easy
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ApanTtmpoBaHHbIn anropntm MoHTe-Kapno Ha ocHoBe Lenn MapkoBa

50 BbI6OpPOK 13 aByMepHOKM rayccosoun OI1B
Customized Markov Chain Monte Carlo algorithm

50 samples from 2D Gaussian pdf




Baaowaa — metoa MoHTte-Kapno Ha ocHoBe uenun MapKoBa
Component 3 — Markov Chain Monte Carlo

Moyemy? CNOXKHOCTb pelleHua npobaembl 6anecoBoit BEpPOATHOCTM 3aKNHOHAETCA B UCKAOYUTENbHOM CIOMKHOCTU MU MHOFOMEPHOCTU

anoctepunopHoin dyHKUuKM naotHoctu BepoAaTHoctu / Why? The difficulty in solving the Bayesian Inference problem is that the

posterior probability density function is extremely complex and multidimensional.

OpagHako coBceM Apyroe gerno nocTpouTb BeIOOpKY U3 OB, noxoxen
Ha 3Ty / But what about sampling from a complex pdf like this?

Bbibopky n3 npocton ®BI1
coenarb nerko / Sampling from
a simple pdf is easy
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ApanTtmpoBaHHbIn anropntm MoHTe-Kapno Ha ocHoBe Lenn MapkoBa
Customized Markov Chain Monte Carlo algorithm

OnpepgeneHve HOPMaNU3yLOLWEN KOHCTaHTbI TpebyeT NPAMbIX
BbIYMCNEHUI ANA BCEX BOSMOXKHbIX KOHUIypauuii pesepsyapa
Computing normalization constant requires performing forward
calculations for all possible reservoir configurations

P(D)= > P(D]X)P(X)

50 BbI6OpPOK 13 aByMepHOKM rayccosoun OI1B
50 samples from 2D Gaussian pdf

&

M aueek / M cells
N BO3MOHbIX 3HaYeHUU B KaXK




naowaa — metoq MoHTe-Kapso Ha ocHoBe uenu MapKoBa
Component 3 — Markov Chain Monte Carlo

* Yro a1o Takoe? / What is it?

Cumynsauma MoHTe-Kapno Ha ocHoBe uenn MapkoBa
Markov chain Monte Carlo Simulation

Cumynauua MoHTe-Kapno
Monte Carlo Simulation

0.2
013

a1
0.035

target

1 uenoyka MapkoBa 3aBUCUMbIX BbIOOPOK

50 He3aBMCUMbIX BbIGOPOK
1 Markov Chain of Dependent Samples

50 Independent Samples

>fo - Po(x)
X, —P

= for




naowaa — metoq MoHTe-Kapso Ha ocHoBe uenu MapKoBa
Component 3 — Markov Chain Monte Carlo

* Yro a1o Takoe? / What is it?

Cumynsauma MoHTe-Kapno Ha ocHoBe uenn MapkoBa
Markov chain Monte Carlo Simulation

Cumynauua MoHTe-Kapno
Monte Carlo Simulation

0.2
013

a1
0.035

10 uenoyek MapkoBa reHepupytoT 10 He3aBUCUMbIX BbIBOPOK

50 He3aBMCUMbIX BbIGOPOK
10 Markov chains generates 10 independent samples

50 Independent Samples




YnpolleHHasa cxema npouecca MoAennpoBaHuA
Simplified flowchart of the modeling process

Bbluncnnto
cuHT(cBOMCTBA™)
Compute
synth(props*)

Cpaenatb Bbl6OpPKY
OVNCKPETHBIX U
HenpepbIBHbIX CBONCTB U3
rnobanbHon PrB*
Generate randomly

/5 i updated props*
A

HauaTtb ¢ Tekywmx
CBOWCTB
Start with current

19

/ HOBbIE TEKYLLME CBOMCTBA Either ...
Set props* as
new current props
props
Hwuuyero He

OueHuTtb
p(cuHT | celic*)

Ha OCHOBE CUMH/WyM \ MepeMHOXUTb YTOBbI NONYYUTb

Evaluate p(cBomncTBa™ | reocrar, ceic)
P(seis | synth*) Multiply to obtain
using noise P(props* | geostats, seis)
estimate /
OueHunTb
[ p(cBoncTBa™ | reocrar)
@ Evaluate CpaBHUTb C
P(props* | geostats) p(cBoicTBa | reocrarc,
celic)
Jlyqwe? Compare with
Better? P(props | geostats, seis)
Xyxnce? e
YCTaHOBWTb CBOMCTBA* KaK Unu . Worse? R,

C HEKOTOPOW BEPOATHOCTLIO
p(props* | geostats, seis)
p(props | geostats, seis)
With probability

Unu ...

Aenatb
Do nothing




B utore:
Putting It All Together

KombuHupya cTaTucTMyeckoe moaenmpoBaHme, npuHumn baeca n meton MoHTe-Kapno Ha ocHoBe uenu MapKoBa, Mbl

No/sly4yaeM MHOMECTBEHHbIE AeTabHble NPaBaonoAobHble peannsaumnm pesepByapa, a TakKe OLEHKY COOTBETCTBYIOLLEN

HeonpeaeneHHocTu / By combining Statistical Modeling, Bayesian Inference a
realizations of the reservoir and insight into related uncertainty.

1. Cratuctnyeckoe mogenmposaHmne

AnpwuopHas nHdpopmauus |
Prior Information |

Statistical Modeling

Reservoir

State Space X

[aHHble D
Data D
P ol ‘7 2. MpuHumn baneca
Wb 7 : :
e T 2;% Bayesian Inference
g ' 7/
ey P(X|D,1) =

nd MCMC, we get multiple plausible detailed

3. MoHTe-Kapno Ha ocHoBe uenu
MapKosa Markov Chain’MQn_tg Carlo

- - N N
7 - \
< \
7/
,“Peanusauuu pe3epByapa“
Reservoir Realizations |




CoBeplieHHaa moaenb
Perfect model

= Bbicokasa getanbHocTb / Highly
detailed

* HaumeHbluasa HeonpeaeneHHocTb /
Least possible uncertainty

= [loaTBepXAaeMOoCTb Pe3y/bTaToB
bypeHnem (B paMKax OLEeHEHHbIX
HeonpeaeneHHoctel) / Proved by
drilling (within estimated
uncertainties)

* Kosm4yecTBeHHaA OUEHKa
HeonpeaeneHHocTen (B Tom ymcne
B TepMMUHAxX BeposaTHOCcTH) /
Quantitative uncertainty estimation

= [IpaBuW/ibHble PETPOCTEKTMBA U (in terms of probability as well )

npeacKkasaHme NpoL.eccos
pa3paboTkn / Good history matching
along with excellent forecast
capabilities
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[eomexaHMKa — HoBaA cneumanibHOCTb cel‘/'lcmopa33e,u,r<m

Geomechanics as hew profession of seismic



«CneunanbHOCTN» CEMCMOpPA3BEaKU
“Professions” of seismic

CTPYKTYPHbIN KapKac
Structural Framework

A Tenepb U reomexaHuKa
‘ Now Geomechanics
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[1n5 4ero Ham Hy*KHa reomexaHun4yeckaa Mmoaesnb?
Why do we need a geomechanical model?

* [Mpn nnaHnpoBaHuun bypeHus ckeaxkmnH / Well bore planning

— MPOrHO3 BO3MOXHbIX ocnoxHeHu / forecast of complications during drilling

— YCTOMYMBOCTb CTBONA CKBaXMHbI /well bore stability




A NPU NPOBOAKE CKBAXKUH

Konnanc obcagHolt kKonoHHb! / Casing collapse

——
Mpuxsat nHctpymeHTa / Drill bit stuck ‘@
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Formations

MoaBuKHbIE HekoHconnauposaH TpewmHoBaTble Pasbyxatowme
nopoapl (conb, Hble nopoapl /HapyLeHHble TINHbI
NnAacTUYHble (necku, rpaBuit) nopoAapl

I/INHbI)



[1n5 4ero Ham Hy*Ha reomexaHMn4yeckasa Modesb?
Why do we need a geomechanical model?

* [Mpn nnaHnposaHuu bypeHus ckeaxkunH / Well bore planning

— MPOrHO3 BO3MOXHbIX ocnoxHeHur / forecast of complications during drilling

— YCTOMYMBOCTb CTBONA CKBaXKMHbI /well bore stability

o 1na makcumusaumm obvema gobbium / Maximizing production

— sddeKTnBHOE BbiNnosHeHUe ruapopaspbisa / hydraulic fracturing efficiency

— NpaBW/IbHaA NPOBOAKA CTBOMA CKBAXKUHbI KaK A5 LUe/ier Hanny4llero ApeHaxa,
Tak U ana uene apdektnsHoro 3asogHeHus / right well bore trajectory either
for drainage or flooding




HanpaXeHna u TpelwmHOBaTOCTb
Stress and fractures

3HaHKWe HanpaBAeHUA N BENNYNHbBI CTPECCa
MOMOTaeT BbIMOJIHUTbL TMAPOPA3PbLIB, 0becrneyns
pa3BUTUE TPELLMH B HY*KHOM HanpaBaeHU
Knowledge of stress direction and magnitude

helps to make fractures go in the right direction
while fracking

[MoOHMMaHWe OpUEHTALUKN TPELLMH ABASETCA
KPUTUUYHbIM ANA NPaBUIbHOM NPOBOAKM CTBO/IA
CKBA*KMHbI KaK ANA Lenen Hauaydlero ApeHaxa,

Good Drainage Incomplete Drainage

Tak n ana uenen spPeKTMBHOro 3aBogHEHUA 1 s
Understanding of natural fractures orientation is @ @ 'ngve;,tgr % %
critical for choosing right well bore trajectory @ @ e % %
either for drainage or flooding it Avwied S Foor Arsel Swasr




1D reomexaHun4yeckaa moaenb

1D geomechanical model




3M4YecKan MHTepnpeTaums




NHTepBan noctpoeHusa 1D reomexaHM4ecKom moaenu
1D geomechanical model interval

[ToBEpPXHOCTb
Surface

1D mopenb
1D model

LleneBoun nHTepsan
Target interval



1D moaenb
1D model

HanpsaeHue Ha casur / Shear stress

Depth (meters)
'3
(suepaw) yidag




Effect of structural framework

HanpsaxeHue Ha cgsur / Shear stress

F=lF=- ]S | 2% section - [Section View]
Horizontal Distance imeters ¥ - Horizontal Distance imeters ¥

3000 4000 5000 000 7000 8000 9000 10000 11000
J J

= Section - [Section View]

C y4yeTomM U3MEHEHUIN TOLMHbI CONEN NO
CEMCMUNYECKMM AaHHbIM

With taking in account salt thickness from

seismic

bes yyeTa MU3aMeHeHUN TOWMHbI CONEeMN
Without taking in account salt thickness

Depth {meters)




| Effect of structural framework

HanpaxeHue Ha casur / Shear stress

—

Bes yueta U3MeHeHuit TolWWHbI conell  Tere famen C Y4€TOM M3MEHEHMUN TOLVHbI COoNen no
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Without taking in account salt thickness | | CEMCMUYECKUM AaHHbBIM
With taking in account salt thickness from |

seismic
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3D reomexaHunyeckaa moaenb
3D geomechanical model




[eomexaHMYecKmne napameTpbl
Geomechanical parameters

pVs (3Vp — 4VS)
=  Mogynb FOHra / Young modulus E[MMa] = VZ — V2

=  Cratmnueckuii moaynb KOHra / Static Young modulus

Vg — 2V&
"  KoagpduumeHt lNMyaccoHa / Poisson ratio V = 2&’,?2 = sz)

=  [opHoe gaBneHue [/ Rock pressure Pv = ng
* [Moposoe aasnenHue / Pore pressure Pp = p;gH

* KoadduuueHTt xpynkoctu / Brittleness

Britt = (100*(Es-Esmin)/(Esmax-Esmin)+100*(v - vmax)/(v min- vmax))/2

"  KoapduumeHT npouHoctn Ha cxkatme / Compressive strength

USC = ((7682/(DT/3.2808))182)/145



"  MuHMManbHoe ropusoHTasibHoe HanpaxxeHue / Minimum horizontal stress
Sh = (Poi/(1-Poi))*(Pv- o *Pp)+ a *Pp+TEC

TEC = TeKTOHM4YecKuit dakTop / tectonic factor,
a- KoadpuumeHT Bro / Bio coefficient

"  MaKcmasnbHoe ropusoHTasibHoe HanpaxeHue / Maximum horizontal stress

SHmax = Sh+0.2*(Pv-Sh)

" CpeaHee adpdekTnBHoe HanpsaxKeHue / Average effective stress
P’ = (Pv+2*Sh)/3

" Hanps»eHue Ha casur / Shear stress
g = (Pv-0.8*Sh)

= NasneHue rugpopaspbisa / Fracturing pressure



AaTb CEMCMOpa3BeaKa A9 reoOMexaHN4YeCKom Mogenm
What can seismic give to geomechanical model

B ocHoBe Bcex oLEeHOK / C_"‘HXPOHHaﬂ MHBEPCUA
All estimations are based Simultaneous Inversion

on: # #
Umnynbsc Mmnynsc Mmnynkc MMmnynsc
* Vp

Koadpd. oTp. | Koadhd. oTp. Koadhd. oTp. Koadhdp. oTp.
* Vs

Q0- 220 200-450 30"—550 400—650
* lMnoTtHocTb / Density

'k}:’« =l

KoHTpact AU KonTpact CH Koutpacr
MNJOTHOCTU
OrpaHn4yeHunsn
M HU3KOo4YacTOTHasA
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Conoctasnenune 1D n 3D moaeneu
3D to 1D model comparison

2 Section - [Section View] [= 1@ (=] | 2¢ section - [Section View]
Horizontal Distance (meters) Horizental Distance (meters)
5000 000 10000 5000 10000

]

Depth {meters)

i 11)

Depth {meters)

1m

10000 10000
Horizontal Distance (meters) Horizontal Distance (meters)
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Conoctasnenune 1D n 3D moaeneu
3D to 1D model comparison

# Map - Map View in Depth

=N T 5

* Map - Map View in Depth
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NHTerpauma Bcex AaHHbIX 06 06bekTe
All data integration

'mnortesbi/Hipotesis HabnrwaeHusa/Observations

CelicMuKa u

leonozusiGeology ~ POK-pusukalROCK  reocmamucmukalGeostats
Physics um,
T 7%

Ckea)xuHbi/Wells

HaHHble o koHmakmax ¢paroudos/

i Mponopuuu gauyuti/Facies
Fluid contacts ponopyuu ¢pay

proportions

Mopenb pe3epByapa/Resrvoir model

Ynpyaue ceoiicmealElastic  @ayuu/Facies UHxeHepHbie ceolicmealEngineering
Proj erties prgrﬁ[;ries




NWHTepBan noctpoeHusa 3D reomexaHM4YeCcKkon moaenm
3D geomechanical model interval

[ToBEpPXHOCTb
Surface

A

CUMHXpOHHAA UHBepcUuA

Simultaneous Inversion
1D mopenb

1D model

3D mopenb
+ 3D model

leocTaTucTMyecKan MHBepCUA
Geostatistical inversion

Llenesomn nutepsan
Target interval




[€@0CTaTUCTUKA — ANA reOMeXaHUKK




PaAULMOHHbIE pe3yabTaTbl
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Cxema pacnpegeneHma Ten npoAyKTUBHOIO naacTa
Map of oil-bearing sand bodies




BHyTpeHHee cTpoeHue NpoAyKTUBHOIO NiacTa
Cross-section through the oil-bearing sand

YacTtoTa BCTpevyaeMocTun Konnektopa (rnyonHHbIM MmacluTab)
Reservoir frequency (depth domain)

Reservoir Frequency section (depth domain)
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OATBEPKAAEMOCTb FOPU30HTA/IbHON CKBaXKNHOM
Proof by horizontal well

YacTtoTa BCTpevyaeMocTun Konnektopa (rnyonHHbIM MmacluTab)
Reservoir frequency (depth domain)
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A YTO e ANA reoMexaHUKu?
And what for geomechanics?

[MPOYHOCTHbIE XapaKTEPUCTUKM NOpOoL,
Rock strength parameters

LambdaRho [GPa g/cc]
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Ynpyrue cBoncTBa Ha OCHOBE re0CTaTUCTUKMU
Elastic properties from geostatistical modeling
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PacyeT XxpynKkoctn nopoa
Calculation of rock brittleness
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BbiaeneHune 30H, nepcnekTmneHbix anAa [P
Zones good for fracking

XpynkocTtb/Brittleness JinTonorus/Lithology
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[lonHaa 3D reomexaHmn4yecKkaa moaenb

Full 3D geomechanical model



_ K U3y4eHUIO dHNU3OTPOMNMNUU NO CEUCMMNYECKNUM AdHHbIM

* Hanpsa)XeHHOe cocToAiHMEe cpeabl Bbi3blBaeT aHU3OTPOMNUIO
yrpyaux XapaKTepucTuK cpepbl/Stress is causing anisotropy of
elastic rock properties

e Yem bosnvbwe  nAOMHOCMb  MmpewjuH, Tem  CcusbHee
aHuzomponusa/The more fracture density the more anisotropy.
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U30TPONHAaA MHBEpPCUA:
muyecKkue ocCHo8bl Memood

[ YpasHeHue Procepa/Ruger equation ]

R,(6) m + R,sin’6tan?6

[ Koagpgpuyuenmeor ypasHeHus Prozepa/Ruger equation ]

coefficients

1AZ,
ROzE__
Zp
1ay,  [2V.\ aG 7.\’
R2=E _—p—(_s) — + A6+8(_—S) Ay ¢ cos?(w — ¢)
v, \V,) G v,
1]ay,
R, = > V_p + Aecos*(w — @) + ASsin?(w — ¢)cos?(w — (p)‘
|V




N CUHXPOHHOW MHBEPCUU

Anisotropic simultaneous inversion results
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POEHNA reoOMeXaH NYeCcKou moaenu

1D mopenb
1D model

CUMHXpOHHAA UHBepcUuA
Simultaneous Inversion

+

feocTraTUCTUUYECKaA UHBE
Geostatistical inversion

3D mopenb
3D model

DCUA

[ToBEpPXHOCTb
Surface

AHM30TpONHaA UHBepcUA
Anizsotropic inversion

+

leoctaTucTUuecKana uHBepclAa
Geostatistical inversion

NMonHaa 3D mopgenb
Full 3D model




3aknyeHue
Conclusion

[eocTaTUCTUYECKOE MOAENNPOBAHNE, KOHTPOIPYEMOE
CENCMUYECKMMM AAHHBbIMU, ABNAETCA YHUKA/IbHbIM
WHCTPYMEHTOM NMOCTPOEHMA AeTaNbHON MOoAeNU
pesepsyapa/Seismic driven geostatistical modeling is the unique
tool for building detailed reservoir models.

Pe3ynbTaTbl Fe0CTaTUCTUYECKOTO MOAENNPOBAHMSA ABNAOTCA
MCTOYHMKOM LLlEHHOM MHPOPMALUM AN MPOEKTUPOBAHMUA
[PI/Results of the geostatistical modeling are the source of
valuable information for fracking planing.
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