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[eocTOoXxacTnyeckoe MHOroBapuaHTHOEe MoaennpoBaHue

14.6.2010, 15:30

A. Tak, K CNOBY...AaBe4ya obwancs ¢ 6ypXXynCKUMMU MHTepnpeTaTtopamMm - rpsT - caMu BypXyu ¢ 60nbLUMM Nofo3peHneM (ecrim He cKa3aTb
CUINbHee) OTHOCATCH K CTOXacTUKE NP MOAENMPOBaHUN
B. B. KoHe4yHO uHTepnpeTaTop MHTepnpeTaTopy Po3Hb (M KTO 3HAeT O YeM AyMarnu U YTO UMeNu BBUMAY YNOMAHYTbIe "OypXKyuHbI"), HO

A Obl CKa3an, YTO OTHOCMUTCA HaAo He C NOA03PeHMeM K CTOXacTuke, a C BHUMaHUeM K BbIOOpy Haunbonee BeposAATHOM peanu3auum u K
TOMY KaK y4YuTbIBaTb HeonpeaeneHHOCTb.
C. TaK 0ObIYHO rOBOPSAT JIHOAN KOTOPbIN abCONMIOTHO YBEPEH YTO B CTOXACTUKE €CTb YePHbIN ALUK, B KOTOPOM CUAAT CUHUE
YenoBeYKM U BblAalT criyyanHble undepku

~seven ceosamsTiolreauzanows o iy |B@ HE TaK'? CToXacTu4eckoe MoaenmpoBaHMe 3TO UHXKEHepPHbIN loMop. CpoaHU TOMy, YTO MO cpeaHemy 3HAYeHUo U

OIVE 000D HISTORY MATCHES

MM reHepupoBaTb BbIOOpku. MoXXHO HaBEpPHO U CEPbE3HO OTHOCUTCS...
1a TOJNIbKO AETEePMMHUCTUKA AOBOJIbHO YacTO AaeT 3aBblWEeHHY cO06LaeMoCTb, COBEPLUEHHO rPOMO34Ka npu
~pBaHMM TPEHOOB M Mario OTpaXaeT KaKyro inbo HEOQHOPOAHOCTb.
[ Hac JOBOJIbHO YaTCO CTOXAaCTUKY MCMONb3YOT A4S NOfly4YeHusi O4HOW peanu3aunn, 060CHOBaHUEM, KOTOPOM Kak
CNyXuT uucppa o6bemoB. BOoT 3TO KOHEYHO OMOP...
D. A cToxacTuKa oTpaxaeT HeOAHOPOAHOCTb, MPOCTa B NOCTPOEHMU M 4YTO TaM ewwé... C 0aHOM CTOPOHLI
e 06bLEMOB, C ApYron CTOPOHbI NOAroHKa NoA 3agaHHoe pacnpeaeneHue. Bol yBepeHbl 4TO 3To ABe
ETOPOHbI?

B. un knro4yeBas ¢ppasa "have to learn more about this“

D. KnroueBoe cnoBo ot "Manager”??

28.6.2010, 11:32

D. "B cny4ae NoCTpOeHMM CTOXaCTUKOW nosnydaeM Ha6op peanusauum, No KOTOPbIM MOXHO NMOCTPOUTb KapThbl - NOKa3biBalowwme CTeneHb
HeoQHOPOAHOCTU NoBeAeHUs1 KYOOB Mo peanusauusaM, YTo AaeT BO3MOXHOCTb OLIEHUTb CTeNeHb A0Bepusi MoAenn Konsekropa B
onpeaeneHHbIX 30HaxX (HACKONbKO Beniuka BepOSATHOCTb pacnpeaeneHns Konfekropa no BCeM peanusauusam B onpenenieHHon
obnactum).”

CtpaHHas uenb noctpoeHus moaenu. Ho aa nagHo. Cy6 bLeKTMBHO 5 He cTasn Obl 3aKka3biBaTb NOAO0OHOM PaboThl.
1.7.2010, 14:39

D. PaccyxaaTtb 0 LLeHHOCTU nogxoha Ha OCHOBe TOro, YTO "3aka34yMK Obin JOBOJIeH" nycToe, A yxe uutupoBan Mapk TBeHa npo
"[ApPaKOHOB KOTOPbIX HUKTO He BuAen" NoBTOPATCA He byay
ES FullChaos 30.6.2010, 12:39

OgHa u3 npobneMm anropuTMOB CTOXacTMKM B TOM, YTO Ha BbIXoAe, HECMOTPS Ha 3afHHble pacnpegenieHuss U orpaHUYeHus,
nony4yaem pesynbraThl BbiXoAswwme 3a npegenbl UCXOAHbIX AaHHbIX. Hanpumep, mexay aByx ckBaxuH ¢ Hachd 3 n 5 meTpos moxeTt
ObITb NyNbIpb B 8 MeTPOB, Npuyem nameHue seed NPMBOAUT TOMLKO K TOMY, YTO NyMNbIPU BbINasaT B APyrux mecrtax. B pesynbrare
MMeeMm B CymMMe peanusauuni CANLLKOM ONTUMUCTUYHbIE NPOrHO3bI.

CkaxuTe TOBapuLuM, a KTO CKOJILKO peanusaumii TawmTt 3a co6oi Ao camoro KoHua? YBepeH, 4yto B 99% crny4aem 3TO BCero ogHa
peanusauus. MoTomy YTo aganTupoBaTb XOTsl Gbl TPU MOAENM B OrpaHMYEHHbIE CPOKU M CPeACcTBa NPOCTO HepearnbHO.

PS Sl ot cToxacTuku nocrnie 6esycnelHon 60pbL6LI C HEl OTKasancs pa3 u Haecerga. Camoe nNpaBuUbHOE €CTb dKCTpanonupoBaHue
3Ha4YeHUIN KpanHUX TOYeK B Heu3BedaHHYI0 o6nacTb.
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MogenupoBaHue pa3paboTku MecTopoXXaeHUn HedpTU U rasa

D.

Kak 3acTaBuTb B MEXKCKBaXXMHOM npocTpaHCTBe 06Qa3OBbIBaTCﬂ Lerinkam HGQTVI? 14.6.2010, 15:30

...INMpo nepexop o1 macwiTaba kybuka 0o MacwTaba MECTOPOXKAEHUS.

Koraga "BnapvBanucb” cumynsitopbl B Poccum, Kak-To MO YMOMYaHMIO CHMTANOCh (M CYMTAETCS) Takon nepexop, formyHbiM. To
€CTb Ha Kybuke Mbl 3aknagbiBaeM HEKOTOPbLIV HAabop napaMeTpoB (pvt, CBOMCTBA, OTHOCUTENbHbIE DA30BbIE U MPOY.) 1
Brepes K MecTopoXaeHusiM. JTo paboTaeT Ha HEBOMbLUMX MECTOPXKAEHMUSX, HO YTO AenaTb C CPeOHUMU U KPYMHBIMA?

M. ...BOT npo "BnapusaTtb cumynsTopbl B Poccun” ... He cornaceH. Korga HavmHanocb npoHukHoBeHue IOM no ctpaHe
ECLIPSE 6bin elwe c 4epHbiM (QOPTPAHOBCKMM (M OYeHb MpogyMaHHbiM) uHTepdencom. A nporpammbl GRID, GRAF
ponornHsana nporpamMa PSEUDO. Cnblwanu o Takon? Ee HasHadeHue 6bino - mMacwTtabupoBaHue (hasoBbIX KPUBbIX
(BKIHOYAsi MEPEHOC KOHLEBLIX TOYEK M U3MEHeHWe (hopMbl KPUBOW) MPU MEPEXOAe OT AeTaNbHenLen MOAEnu reonoru
anemeHTa 1 (©as3oBbIX MO KEPHY K KPYMHbIM siderikaM. [Mpo BenukonenHyto gokymeHTtauuio ot WorkBanch BoobGLle monyy -
Intera co cBoum ECLIPSE crapanacb 3apaboTtate Ha 00yyeHun (Kypcax) Kak u HacregHuk SIS, a y aTux B JOKyMeHTauum
ObIS10 ... BNMOTb Ao 6ok cxem anroputma HM.

Mogenu cTpounucb ¢ TonwmnHom cnos ot 2 4o 5-10 meTpoB. BOT 1 NoHUMaHve y cTapukoB Bbiio 1 unn3vii MeHbLUe - YTO
Takoe aToT KyOuk. Tenepb, koraa reonoru kponawTt mogeny no 0.2m (¢ paspelueHnem kapotaxa) a npo PSEUDQO 3abbinm ms-
32 J0MNOTOMHOIO UHTepdenca BO3HUKAET W3NS MOMHOMO 3HAaHWS O CTpoeHun 1 T.0. [NpegnpuaTnss BMECTO TOro YToObI
00y4aTb CBOMX COTPYOHWKOB LAIOT MM KOHCMEKTbl NpedblayLuX MOKOMEHUN ... MOJoAble MHXXEeHEepPbl He 3HaKT YTO Takoe
NTG. He 10 4ytO 3atpoHyTasd Tema. A Onarogaps "BMapeHHbIM CcUMynsaTopam” KOMMaHuM CMOIMM OLeHMBaTb paboTy
WHCTUTYTOB ... HE KTO LLEKM TOMLWM Hagymn, TOT M MpaB, HO HEKNE KPUTEPUU ... XOTS 3TO OYeHb OTAENbHbIA pasroBop. o cux
nop npotuBHukoB M Gonblle B MHCTUTYTaX, a CTOPOHHMKOB Ha ypoBHe leoHAL|, O6weauHeHunn n LUIKP/TKP (tam roe
pearnbHO XOTAT MNOHATb YTO TYT MHCTUTYThI "HadpopekacTunm"). ***

Bonpoc 9. Kakow meTo pacnpeneneHuns CBOMCTB Ha Ball B3I 6onee onTuMarbHbIN: CTOXaCTUYECKUA Un
OETEPMUHMPOBAHHbLIN?

K.E.3akpepcknii Boo6LLe roBopsi, CTOXacTUYECKUI Nydlle, Tak kak 6onee rmokuin. KpUrnHrom B NpuHUMNE Henb3st KUHYTb
TIMH3Y KOMMEKTOPOB B Croe MeXAy CKBaXKMHAMM, CIN B CKBaXXMHAX B 3TOM CIO€ IMUHbI. Ecnv Tonbko, KOHEYHO, He
HapucoBaTb ee Ha KapTe NecYaHUCTOCTM, KOTOPYIO NMOACYHYTh B kayecTBe TpeHaa. OnsATh e, OLEHKY HeonpeaeneHHOCTH
KPUrMHIOM He caenaellb. nu oGbekTHoe MofenMpoBaHue, KOTOPOe NMO3BONSAET UCMONb30BaTh UMEILLIMIACS OMbIT 0 hopmax
reornormyeckmx Ten AaHHOro nrnacTta B JaHHOM PEerMoHe — ero KpUrMHromM HuUKak He 3aMeHuLLb. Kpome Toro, ecnu g caenao
ThICAYY peanusaumii U OCPeaHIo, TO NMOMyYy TOT e KPUIMHT. A BOT 13 KPUTMHIA CTOXacTUYECKYHo peann3aumio HUKaK He
nonyYnTb.

Ecnu roBoputb 6onee npusemMrneHo, To 1 KPUTUHT 1 04Ha cToXacTudeckas peanunsauus npeacTaBnsaioT coboi KpanHOCTU.
KpUrMHr cnLwikoMm rmagkuii, a ofiHa peanusauus CrvLIKOM pBaHasi, reoriorMyecky He onpasaaHHo. [oaTomy s npeanoynTa
Jenatb 21 peanusaLuio, NoTOM OCPEeOHUTL U CrNaanTh.

Cpoenaewm gBa otcTynneHus. MNepBoe. BeaycrnoBHO, CyLLECTBYIOT reoNiorMyeckre cUTyauun, Koraqa o4eBUaHO, Kakoi MeToq
nyyile. Xopoluune, TONCTble — MOAENUPYEM KPUTMHIOM. TOHKME, pBaHble - CTOXacTuKoi. Ho npu aTom He 3abbiBaem npo
KOHTPOIb CBA3HOCTU, a TO rMapoanHamMmmnyeckas Mofernb He nocuutaetca. Bropoe. MopuctocTb B Konnektopax npeanoymTaro
PacnpoCTPaHATb KPUTMHIOM, MHE Ka)XXeTCsl 9TO bornee reornormyHbiM.
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O4eBUAHO, YTO TPU HWHTEPIOJSAIHMU CBOWCTB B TPOCTPAHCTBE
MEXIY TOBEPXHOCTAMH TI'E€OMETPHUUYECKON MOJETH JIOJDKEH
OCYILECTBIISITHCA KOHTPOJIb CO CTOPOHBI cTpaTurpaduu. ITo
O3Ha4aeT, YTO HMHTEPIOJNMS JOJDKHA POM3BOJMTECS B
crparurpadguyeckom npocrpancTse. OgHaKo pe3yJbTaT 3TOi
UHTEPNOJISIUN [T0JLKEH O0To0paxaTbesi B a0COTIOTHOM
NMPOCTPAHCTBE, B KOTOPOM MBI BHAUM COBPEMEHHYIO
CTPYKTYPY-

Ha mpakthke mnpu KOHCTPYHUPOBAaHWUHM CTpaTHUrpaduieckon
MOJIETIH HCIIOJIB3YIOTCSI TeooTH4Ieckne coodpakenus (¢ur. 1-6).
Hampumep, B chy4asx, Korma XapakTep OCaJKOHAKOIUICHHS
oIpezenseTcs mnaaeopensedoM, B CTPATHUIPapUUIECKyI0 CETKy
MOTYT BKJIFOYAThCSl CTPYKTYphl Haneranus. B ciydasx, korga
YCTAQHOBJICHA  MOJEIb C  XOpOIIUM  IIOCIEJOBAaTEIbHBIM
0CaJIKOHAKOTJICHWEM, MaJeHHUs YpPOBHS MOpPS MOTYT BBHI3BIBAThH
SPO3UOHHBIE  Pa3MBIBBI, KOTOpbIE  TOXE MOTYT  OBITh
OpeJCTaBleHbl B reosormdeckoir  moxenu.  KoHewHo,
cTpaturpaguyuecKkue CICHApUH MOTYT KOMOWHHpOBATbCs -
HaIpuMep, HaJeraHue MOKET COBMEILATLCS C IPO3HEH.

OnpIT mNoOKa3pIBaeT, 4YTO THINHYHASL siYellKa CeTKHU
reoJIOTHYECKOil MojeJiM HMeeT OKOJIO OJHOr0 MeTpa B
TOJIIMHY ¥ HECKOJBKHX JeCSITKOB METPOB B MIMPUHY (¢ur.
1-7). Paznuume B pazmepax MeKAy TONIUHON U TOPU30HTAIBLHON
HOPOTSDKEHHOCTbIO  OOYCIIOBICHO — NPEANOTOXKEHHEM,  UTO
re0JOrnUeCcKre N3MEHEHUS ABISIOTCS HAMHOIo 0osee 6I)ICprIMI/I
BJ0JIb BCPTUKAJIBHOI'O HAIlpaBJICHUSA, YE€M BIOJIb HaHpaBHCHHﬁ,
napajyieNbHbIX O0CaJKOHAKOIUICHHIO. JTO TaKXe O3Ha4aeT, YTo
YUCIIO SYEeK CETKH UIS pe3epByapa CpeIHHX pa3MepoB OOBIYHO
OyZeT mopsiika HECKOJIbKUX MHUJUIHOHOB.

OnBIT NOKA3bIBAET, YTO THIHYHAS SUYEHKA CETKH TEONOrHYECKOR MOJENH HMeeT OKONOo
OJIHOrO METpa B TONUIHHY H HECKOMLKHMX JIECSTKOB METPOB B 1unpuHy (¢pur. 1-7). Pasnnyue B
pasMepax Mexmy TONUMHOM W TOPH3OHTANLHOH NPOTSHKEHHOCTBIO O0BYCIOBNEHO
NPEANONOXEHHEM, YTO TEONOTHYECKHE H3MEHEHHS SBNSIOTCA HaMHOro Gosnee ObICTPbIMH
BJIONb BEPTHKANBHOrO HANPABICHHH, YeM BJONh HANPABICHHH, NapansienbHbIX
OCAJIKOHAKONIIEHUIO, ITO TAKKE O3HAYAET, YTO YHCIO AYCEK CETKH JI7IS pe3epByapa CpefiHux
pasmepoB 0ObIYHO BYIET NOPS/IKA HECKONBKHX MH/THOHOB.

TUNMWUYHBIA PABMEP OIHOW AYEWKW CETKU B
TPEXMEPHOW FEONOMMYECKON MOLENM

Modens pezepeayapa pazmepom 5 kM x § kM x 100 M
06b14HO codepxum okosio 1 MUNIUoOHa fYeex

SEGRAGE DISC 2003



(1)
(2)

Geostatistics for Reservoir Characterization

Business Need: make the best possible reservoir
management decisions in the face of uncertainty. One of
the biggest uncertainties is the numerical description of
the reservoir.

Statistics is concerned with scientific methods for
collecting, organizing, summarizing, presenting and
analyzing data, as well as drawing valid conclusions
and making reasonable decisions on the basis of such
analysis.

Geostatistics is a branch of applied statistics that places
emphasis on

the geological context of the data,
the spatial relationship between the data, and

(3) data measured with different volumetric support and

precision.

Geostatistics is _sometimes referred to as stochastic

modeling, geostatistical reservoir characterization,
conditional simulation

Basic Principles:

work within all known geological (physical) constraints

(sequence stratigraphic framework, ...)

provide tools to quantify and exploit spatial correlation

algorithms for numerical geological modeling
(heterogeneity modeling) and uncertainty quantification

Doesn't make reservoir modeling any easier;

Just better (if correctly applied)




GLEKTHRROM VREHWN KOWKDETHOMO

o TOM, KaK#e ocoderrocTH Gonee

Advantages of Geostatistics

* Intellectual integrity (?) Mathematical
consistency (?)
-80IMMPOChLI HY)XXHO 835Mb mgOﬁHblMU!

» 3-D models lead to better volumetrics
-oyesudHeliwee ymeepxxoeHue!

» Better modeling of heterogeneity

- no need for pseudo wells
- 2e0J102 8600UM PUKMUBHbIE CK8aXUHbI O
nepeeoda ceoux e033peHuli 8 yucno!

-controllable degree of spatial variability
-"keM”, a yxx 3amem u “kakum obpasom” ?

-flow models are more reliable
-“seven ... of fifty” ?

* Framework to integrate data
- geological interpretation

- core and log data

- seismic data

- production data

* Assessment of uncertainty in process
performance due to wuncertainty in

geological model
- a 3mo e8oobuie o444Y4YeHb 0cobbIill Qa32060Q.’




Puuyapg ®dunnunc ®eriHMaH
“Kakoe TEBE pgeno po toro, 4to gymarT apyrue?”’

...MucTtep Yukc rosoput: «[la, 1 noHumato, o 4yem Bbl roBopuTte! Yto
X, AaBaNTe NOCMOTPUM: 34eCb HanucaHo: “AHanus CyLecTBYHLUX
AaHHbIX [noka3biBaeT] ...”"»

Mbl cHOBa NMpocMoOTpenu Becb OTYET M Hawniu 3ToT aHanus. OH
npeacTaBnAn coboM 4YTO-TO BpoAe KOMMNbHTEPHOM MOAenu co
BCE€BO3MOXHbIMU [ONYLIEHUSIMU, KOTOPble COBCEM Heobs3aTerbHO
6binn  npaBunbHbiMM. BamM KM3BeCTHa OMAacCHOCTb, KOTOPYH

G..G.O. garbage in - garbage out

npeacTaBnsalOT cob0oM KOMMNbIOTEPbI; oHa Ha3biBaeTca MBMI:

Mycop BBOAMWWbL, MycoOp nonyyvyaeuwsb! B pesynbrate aHanusa

Aenarncs BbIBOA, YTO HebGonblune HenpeackasyemMble yTe4KU TaM U
34eCb AO0nNyCTUMbI, Oaxe ecqiu U He 3aljloXeHbl B MCXOQHOWM

ABBY Lingvo

KOMMbOM. MycOp Ha BXOAE - MYCOp Ha BbIXoae
(NMpVHUMN NpOrpaMMMPOBaHWS, B COOTBETCTBUM C KOTOPbIM
HEBEPHbIE BXOAHbIE AAHHbLIE HE MOTYT NPUBECTU K
NpaBUNIbLHOMY pesynbTary)

KOHCTPYKLMM. ..

MUCNONb30BAHUE
FEOCTATUCTUKU ANA
BK/IOYEHUA B
FEONIOrMYECKYIO MOAENb
CEMCMUYECKUX OAHHbIX

Onuebe fio6pyn

O.Or6pyn, c.203

*  Hucmpymenmapuii 0asn MOOeAUPOBaAHU HEOOHOPOOHBIX CPed

Ipenpipyinii TpuMep NOKA3bIBAET, YTO JIODKHO OBbITH B HAJWYUM M3 HHCTPyMeHTapusi
MOJENHpPOBaHUs HeopHOponueix cpex (¢ur 4-67). Ha ¢ur 4-68 npyuBopuTcst Kiaccupykanms
pe3epByapoB [0 apXUTEKType, NpemiokeHHast B pabote Weber and van Geuns (1990). Kaxjiomy
THILy B 9TOM KnacCHUKaIMy CTAaBITCS B COOTBETCTBUE METO[BI IE€OCTATHCTHYECKOIO
MOJIEIMPOBAHKS, KOTOpbIE KaXYTCs ISl Hero Hanbonee NOgXOASIINMU.

Ko BceMmy, 4TO MpI BHJIENIM B OTHOLIEHWH MOJEIMPOBAHNS TPEXMEPHBIX HEOIHOPOIHBIX
Cpef, IPYMEHNMO OJTHAXKIIBE YK€ YIOMSIHYTOE MPaBUIIO “MycOp Ha BXOfi€ — MycOp Ha BhIXope”
Bce paccMoTpeHHBIE METOpBI FEOCTATHCTHYECKOIO MOJICNUpPOBAHUS HYXJAIOTCH B

reonoruyeckon wHGOpManmy, UMEIONe KOJKMYECTBEHHOE IpepcTaBicnue. B TeueHne

HOCJICNHUX JIBAAUATH JIeT B OTpacid ObLIM NPECAUPHHSTHL 3HAYNTESIBHBIC YCHIMS IO
HAKOIUIEHHIO KONUYECTBEHHON HMH(OPMAIMH, XapaKTEPH3YIOIEH TI'CONOIHYECKyIO Cpejly B
pasuHbix Maciiradax. [IpuMepsl M CCHUIKH W3 3TOH KOJUIEKIMY aHbl Ha (UL 4-69.

XopolM KpUTEpHEM ISl PEIlCHWs, CTOMT JIM MCIIONb30BaTh NPH MOAEIHPOBAHWM
HEOJIHOPONHOCTEH TI'eOCTATHUCTHKY, sIBJIseTCs ciepyromumii. HeobxonuMo CpocuTh reonora,
MOXET N OH HJIM OHa BPYYHYIO HAPHCOBaTh M300paXKEeHHe reonoruyeckon mMojieny. Ecim ne
MOKET, 3HaYHUT, CKOpEEe BCErO, MbI HE UMEEM NOCTATOYHON HMH(MOPMAIUM JUIS MOCTPOCHHUS
MOpENM, M HE BAXHO KAaK, BPYUYHYIO WIM NPH OOMOIIM TIe€OCTATHCTHKH. IJTO OYEHb
IPYHIMOHAIBHBIN MOMEHT, IIOJTYePKUBAFOIAN, YTO TEOCTATHCTHKA HE 3aMEHAET NEOJIOTHYECKOE
3HAHUE, a SIBIIICTCS TN CPEJICTBOM €TI0 KOMMYECTBEHHOIO BhIPAKEHHS.




O.Or6pyn, c.15

OueBngHO, 4YTO nNpW  UHTEpPNONSUMW  CBOWCTB B
NPOCTPaHCTBE MexXdy MOBEPXHOCTAMU FeOMETPUYECKOM
MOLENU OOIMKEH OCYLLECTBNATBCSH KOHTPOMb CO CTOPOHbI
cTpaturpaduun. 3TO O3HAYaeT, YTO MHTEPNONALMS OOSDKHA
NpoOM3BOAUTLCA B CTpaTuUrpaduyeckom npoCTpaHCTBe.
OpgHako pe3ynbTaT 3TOM  MHTEPNONnAUUM  OOSDKEH
oToOpaxaTbcs B abCONTHOM MNpPOCTpaHCTBE, B
KOTOPOM Mbl BUOUM COBPEMEHHYIO CTPYKTYpY.

Ha npaktuke npu KOHCTPYMPOBaHUW cTpaTurpaduyeckon
MOZENM NCMONb3YHTCH reonornyeckne coobpaxxeHus (cpur.
1-6). Hanpumep, B cnydvasix, Korga  Xxapakrep
ocagKkoHakonneHnsa onpegenserca naneopenbegomMm, B
cTpaTurpaduUYeckyto CeTKy MOryT BKMHOYaTbCA CTPYKTYpbI
HaneraHud. B cny4yasax, korga ycTaHOBMEeHa Mofenb C
XOpOLMM  MocrefoBaTerbHbIM  OCaAKOHAKOMMEHMEM,
nageHusl yYpoBHS MOpPS MOTYyT Bbi3blBaTb 3PO3UOHHbIE
pa3MbiBbl, KOTOpble TOXe MOryT ObiTb NpeacTaBneHbl B
reonornyeckon Mmogenn. KoHeyHo, cTpaturpaduyeckue
cueHapum  MOryT  KOMOMHMpOBaTbCA -  HanpuMmep,
HaneraHne MoOXeT COBMELLLaTLCA C 3PO3NEN.

OnbIT nNOKa3bIBaeT, 4YTO TUMUYHAA SAYEMKa CeTKU
reosiorm4eckom Moaenum MMeeT OKOMO OAHOro MeTpa B
TOJMHY U HECKOSIbKUX AEeCATKOB METPOB B LUMPUHY
(cdour. 1-7). Pasnnume B pasmepax Mexay TOMWMHOW n
rOpU30HTanbHOM NPOTSHKEHHOCTbIO obycnosrneHo
npeanonoXeHneM, YTO  reoslorMyeckne  U3MeHeHus
SABNSAOTCA HaMHOro bornee ObICTPbIMY BAOMb
BEPTMKANbHOIO HanpasfeHusi, YeM BAOfMb HarnpasfeHun,
napannernbHbIX OCaKOHAKOMMEHW0. ITO Takke O3HaYaer,
YTO UMCNO SAYeeK CeTKM Ans pe3epByapa CpeaHux
pa3mepoB 06bl4HO ByaeT nopsaka HECKONbKMX MUTIMOHOB.

OnbIT NOKa3bIBAET, YTO TUMHYHAA AYEHKA CETKH FEONOTHYECKOH MOENN MMEET OKOTIO
OHOTO METPa B TONUMHY H HECKOMBLKHMX JIECATKOB METPOB B MpHHy (¢ur. 1-7). Paznnune B
pasMepax MeXAy TONUMHOM M TOPH3OHTANbHOH MNPOTSXEHHOCTHIO O00YCIOBIEHO
MPEMNONOXEHHEM, YTO TEONOTHYECKHE H3MEHEHHS SIBNAIOTCA HaMHOTO Oosee ObICTpBIMHU
BIONb BEPTHKANBLHOrO HAMpABJEHHS, 4YeM BJONb HAMpPABIEHMH, NapanienbHbIX
OCA[IKOHAKOMIIEHUIO. ITO TAKXKE O3HAYAET, YTO YHCIIO fYEEK CETKH [JIs pe3epByapa CPeHHX
pa3mepoB 00bIYHO OYET NOPSAKa HECKONBKHX MUJITHOHOB.

TUNUYHbLIA PASMEP OJHOW AYEWUKU CETKW B
TPEXMEPHOW NrEONIOMMYECKOW MOAENMU

Modens peszepeyapa paamepoM 5 kM x 5 kM x 100 M
06b14HO codep)xxum okKosio 1 MunnMuoHa siyeexk

SEG/EAGE DISC 2003



http://www.evangelie.ru/forum/t86938.html

Die Quantenmechanik ist sehr achtung-gebietend. Aber eine
innere Stimme sagt mir, daf} das doch nicht der wahre Jakob ist.
Die Theorie liefert viel, aber dem Geheimnis des Alten bringt sie
uns kaum ndiher. Jedenfalls bin ich iiberzeugt, daff der nicht
wiirfelt.

C toro, 4To MarepuaIu3M U ero
OJHO3HAYHOCTh 3aKOHYMJIACH M HAYMHAUTHCS
9pa (paHTaCTUKU BEPOSTHOCTHOTO XapaKTepa.

TemMa B TOM U 3aKJIFOYAETHCS YTO DHIITEHH OBLIT
HE IpasB.

Keaumosas mexanuxa oOevicmeumenvro eneyamisiem. Ho
BHYMPEHHUL 2010C 2080PUM MHe, YMO IMO eujé He uoeal.
Oma meopusi 2060pum O MHO2OM, HO 6CE Jice He
npubiudcaem Hac K pazeaoke matinvl Bcesviuwnezo. [lo
Kpaunetl mepe, s yeepeH, umo Ou He bpocaem KoCmu

Ha moii B3msin DitHiTeH Obut paB. B koH1e
KOHIIOB HayKa 0e3 leTepMUHHU3MAa
HEBO3MOKHA BOOOIIEe! A TeTepMUHU3M B
KBaHTOBOW MEXaHUKE OCTAJICS, ¥ BBIPAKACTCS B
ypaBHeHuu lllpenunrepa

Einstein said: " As I have said so many times, God doesn't
play dice with the world."

D10 u3BecTHas Ppasa [A.DHHIITENHA], B OJIEMUKE C
bopowm.

-boz ne uepaem 6 xocmu co Bcenennou.
-Ounwmetin, He 206opume bozy umo on dondicen oerame.

He mocnoBHO, HO CMBICIT TaKOM. ..

\

Hunbce bop u AnbOept DitHIITEHH



Teopema benna http://elementy.ru/trefil/21102

«bor He urpaer B Koctu co BceseHHOI».

. Orumu cnoBamu AJbOEpT DUHINTEHH OPOCHII BBI30B KOJUIETaM, Pa3pabarhIBABIIAM HOBYIO TEOPUIO — KBAHTOBYIO
MexaHuky. [1o ero mueHuro, NPUHUMN HeonpeaeneHHocT lenseHbepradTumu cioBamu AbOepT DUHIITEHH
Opocui BBI30B KOJUIETaM, pa3padaThIBaBIIMM HOBYIO TEOPHIO — KBAaHTOBYIO MeXaHUKY. [10 ero MHEHWIO, MpUHIIHII
HeornpenelneHHoCTH [ eiisenOepra u  ypaBHeHue LLIpéamMHrepa BHOCHIM B MHKPOMHD  HE3JOPOBYIO
HeonpeaeneHHocTs. OH ObUT yBepeH, uro Co3maTens HE MOT JOMYCTHTh, YTOOBI MHpP JIEKTPOHOB TaK pPa3uUTEIBLHO
OTJINYAJICS. OT MPUBBIYHOTO MHpA HHIOTOHOBCKUX OWJIBAPIHBIX mapoB. DakTHdeckw, Ha MPOTSHKEHUH JIOJNTHUX JIET
DOUHIITEHH Urpai poib aJJBOKaTa JIbsSBOJIAa B OTHOIICHWH KBAHTOBOW MEXaHWKH, BBIYMBIBAas XUTPOYMHBIE TTapaI0KCHI,
IIpU3BaHHbIE 3aBECTU CO3JaTeieil HOBOM TEOpUH B TYNHK. TeM caMbIM, OAHAKO, OH Jesaj 100poe AeNo, CEPbEe3HO
03a/1aunBasi TEOPETUKOB MPOTHBOMOIOKHOTO JIarepsi CBOMMH NapaJoKCaMH U 3aCTaBIIsisl IIyOOKO 3ayMBbIBAaThCs Hall
TEM, KaK UX Pa3pelInTh, YTO BCeTa ObIBAET MOJIE3HO, KOT/Ia pa3padaTbiBaeTcsi HOBasi 00JacTh 3HAHHIA.

= Ectb cTpanHast upoHust cyabObI B TOM, YTO DWHIITEWH BOIIET B UICTOPUIO KaK MPUHIIMITHAIBHBIN ONIOHEHT KBAHTOBOM
MEXaHHMKH, XOTs IEpBOHAYaIbHO CaM CTOSUI y €€ MCTOKOB. B wactHocTH, HoOeneBckyro mpemuro mo (pusuke 3a
1921 roj oH MOXYYHIT BOBCE HE 32 TEOPUIO OTHOCHUTEIBHOCTH, a 32 00bsicHeHne (DOTONEKTPUYECKOr0 P deKTa na
OCHOBE HOBBIX KBaHTOBBIX IIPE/ICTABICHHH, OyKBaJIbHO 3aXJIECTHYBLIMX HAay4YHbIH MHUp B Hayane XX Beka.

C bonbiie Bcero OWHIITEHH MPOTECTOBAJ NMPOTUB HEOOXOAMMOCTH ONMUCHIBATh SIBJIEHUS MUKPOMHMpA B TEpPMHUHAX
BEPOSATHOCTE M BOJHOBBIX (QyHKIMH (cv. KBAHTOBAsd MEXaHWKA), a HEe C NPUBBIYHOW TO3WIMUA KOOPIMHAT M
cKkopocTel yacTtull. BOoT 4TOo OH MMen B BHJYy MNOJ «uUrpol B Koctu». OH Npu3HaBaj, 4TO ONHCAHHUE JBUKEHUS
IEKTPOHOB 4Y€pe3 HMX CKOPOCTH M KOOpPAMHATHI MPOTUBOPEYUT IPUHLHUILYY HeolpenesneHHocTH. Ho, yTBepxknan
OWHIITENH, JOJKHBI CYIECTBOBAaTh €I1€ KaKHe-TO NEPEMEHHbIE WM MapaMeTpbl, C Yy4€TOM KOTOPBIX KBAaHTOBO-
MEXaHU4YECKasl KapTUHA MUKPOMHUpPA BEPHETCS Ha IIyTh LEJIOCTHOCTH MU JeTepMUHU3MA. TO €CTh, HACTaWBaJl OH, HAM
TOJBKO KaxeTcsi, OyATo bor urpaer ¢ HaMH B KOCTH, IMOTOMY YTO MBI HE BCE MOHMMaeM. TeM caMbIM OH IMEPBHIM
chOpMyYIHUPOBAIl eunome3y CKpblmoll nepemMenHol B ypaBHEHUSX KBAaHTOBOM MexaHUKH. OHa COCTOHMT B TOM, YTO Ha
caMOM Jiesie 3JEKTPOHBI UMEIOT (PMKCHPOBAHHBIE KOOPAWHATHI U CKOPOCTb, MOIOOHO HBIOTOHOBCKUM OWJIBSIPAHBIM
miapaM, a IMPUHLMAI HEONPEACIICHHOCTH M BEPOSATHOCTHBIM IMOAXOX K MX OIPENEICHHI0O B PaMKax KBAHTOBOM
MEXAHUKU — PE3yJIbTaT HEIOJIHOTHI CaMOM TEOPUH, U3-3a YEr0 OHA U HE MTO3BOJISAET UX JOMNOUIMHHO OIPEIEIUTD...



NMOYEMY Mbl MPUMEHAEM CTOXACTUYECKUE
METO/AbI NPU MOAENUPOBAHUK PE3SEPBYAPOB?

Mpupoda cayyaiiHa?

“[eno He B aTom!

Mbi usyvyaem oauH eAUHCTBEHHbLIN
peaepeyap, HO HalUW aNPUOPHLIE 3HAHUA
U haKTHYeCcKkMe AaHHbIe O HeM TaKOBb!,
YTO C HAMU MOXHO COBMECTUTDL LeNbIN
paAa mopenen”

MOCNEQHEE CNOBO...

JETEPMHHUPOBAHHLIA H BEPOSTHOCTHbIA NOAXO0A

"Ecms dea 0cHOBHLIX Nodxoda k mpakmoeke GaHHbIX
npupodusix Habmodenud, U @ YEcMHOCMIU, OaNNLIX Ha
cedicmozpamme. OOUH U3 HUX demepMUHUPOSanHbIl, 8

dpysoil eeposmuocmubil. Mnosue dymarom o6 smux

Oeyx nodxodax xak 0 KOHDAUKMYIOWUX, HO €
deiicmeumensHocmu 3mo we max. locnednue
uccnedoeanus noxassieaom, ymo 08a amu nodxode Ha
(yndamenmansHomM yposHe sxeusanenmnsi dpys dpysy.”

Wadsworth, Robinson, Bryan and Hurley, 1953.

O.Ow6pyn, c.273

O.Ow6pyn, c.19

Mebl NPOSICHNM COBPEMEHHbIN pag NPUNOXEHNN
reoctTaTUCTUY4ECKUX METOAOB, HayMHasi OT [OBYMEPHOro
KapTMpOBaHWA., U OO CO34aHUA TPeXMEPHbIX peanusauuvmn
HeooHOpoAHOM cpeabl, NONHOCTbIO oTBevarLmnXx
CEeNCMUYECKUM AaHHbIM. [Mpy 3TOM, OQHAKO, Mbl OXBaTUM He
BCE METOAbl, a TONMbKO Te, KOTOpble MOny4unu Haubonbluee
pacnpocTpaHeHne, UnNn KaxyTtcst Hambonee MHoroobellawmmMm
ans 6yaywero. Y Hac He 6yaeT BpeMeHu pa3obpaTtb KaXayro
TeMy AeTanbHO, HO, HadeeMmcsi, Mocre MNpPOXOXOEHUs 3TOro
Kypca niogu 6yayT 3Hakombl ¢ 6a30BbIMU KOHLENUMAMWU U OyayT
CMOCOOHbLI HaxoauTb cBoM nyTb B nabupuHTte
reocTaTuCTUYECKNX TEPMUHOB U NMPUEMOB.

B mupe reodums3nkm reoctatucTtuka 4acto BOCNpUHMMAETCA
KaK HenoCTWXWMbIM Noaxond, YEepPHbIN AWMWK, Aenalowuin
HEeYTo Bpode BblOpacbiBaHUA cnyYaWHbIX 4Yucen Mexay
CKBaknHamMu. Mbl noka)em, 4YTO 3TOT B3rna4 Oanek oTr
WUCTUHbI, U YTO NPUEMbI FeOCTAaTUCTUKN MOIYT ObiTb NOHATHI,
MOCKONbKY OHU SABNAIOTCA pPa3BUTUEM METOAOB, XOPOLIO
3HAKOMbIX 6ONbLINHCTBY reo(PM3NKOB U UHTEPNPETATOPOB.
Mbl Oyoem obcyxaaTb COOTHOLUEHWUS MeXAy reoCcTaTUCTUKON U
TakMMun _ nNoaxodaMu, Kak  BEPOATHOCTHbIM — no  Bawecy.
perynapusaumna obpaTHbix 3aaad. dpunsrpaumns. aHanus dypee,
cnnaviHbl. HEKOTOpOEe YNCIIO KOPOTKUX MaTeMaTUYECKMX BbIBOOOB
OyoeT gaHo B TEKCTE M Ha WNNKOCTpauuvsx AN JyuTartenen,
3aMHTEPECOBaHHbIX B 6oMnbLINX NOAPOBGHOCTAX, YEM Te, KOTOpble
MOXHO BKIMOUNTb B OAHOAHEBHbIA Kypc. HO STW BbIBOALI He
ABNAKTCA  CMAWLIKOM _ CTPOrMMU.  Mbl  XOTMM  TONMbKO AaTb
MOYYBCTBOBATb, Kyda  MOrYT  MNPUBECTU  TEOpPEeTUYecKue
B3aUMOCBSA3M. M1 MPOCUM U3BUHUTb HAC 3a MaTeMaTUYECKYIO

KPaTKOCTb.

“Bepb NNLLb TOW CTATUCTUKE, KOTOPYIO Noagenan cam’
T.Pyssenst



B CBABIL € ITHIM IIPIT TICTIOIH30B AHITI ceﬂcmopnmeggu 2D IIpI1 IriofacteTe

3AITaCOB Heoﬁxo;umo VUHUTBIBATE CJIEOVIOLIIIe OrpaHIMeHIISE Bo-nepBpx, 4T0OBI
YMEHEIIUTE MOTPEIIHOCTH MeXnpoduneHo# uHTepmonAumu  7,{xy) HCI0IBL30BATH

. ” . 3 ) ; 2
TOJIBKO CHEMKII ¢ BBICOKOI ITTIOTHOCTHH EpOleen (He HIUKe . KM/KM®), npu . “Bailecosckuit nepuoa 8 pcun: Yue6Hoe nocobue

ELLE NBE CTATbU B XXYPHANE GEOPHYSICS

OTHOCHTENIEHO BBICOKOM YHCJE CKBaXWH Ha 0OBEKTE M C NOJOTHM 3QTETaHHEM LENEBBIX aBTopst Ulrych et al., ausapu-bespans 2004
ropu30HTOE. Bo-Bropex, uenecoobpasHo HCIOIB30BATH JaHHBbIe 2D TOJIBKO 111

MPOrHo3a CTPVKIVPHBIX (hopM KPOBJII H IIOJOLIBBI 3aJI€4I1 3Ta pexoMEeHOAUHA + “AnpuopHas UH(OPMaLMS N HEONPEAENEeHHOCTL B
OCHOBaHa Ha TOM, WYTO0 OTHOCHTEIBHAdA IOTPEIIHOCTE CIPYKIYPHBIX IOCTPOEHHH obpaTHbIX 3agavax” , aBTopkl Scales and Tenorio, mapT-
(cpenHexeazpaTHyHaA olIMOKA 110 OTHOIIEHHIO K AHANAa30HY H3MEPAEMBIX BEIIHYHH O,/ 7" - anpent 2001.

Z™") KaK MPaBuio, B HECKONBKO a3 MeHBIUE, YeM A MOACHETHRK NapaMeTpoB My u K “Mist HyWOSGMCA 6 MOMOJaX, NO3GONAIOUIUX

(3T0 MOKazaHO CTATHCTHKOR peanbHO# MOATBepXAaeMocTH Gonbwux o6kemoe pabor 3D - UHKOPMIOPUPOSaMb aNPUOPHYIO UHGOPMayUIo,
pasgen 111.2.6). IToITOMY ITIOTepS TOUHOCTH 32 CUET HHTEePIIOJISLEII JIeJIaeT cyuiecmeyiowyro NOMUMO AaHHbIX, MPU MOMOWU
HeLe e coo0pa3HbIM TP OrHO-3HPOB AHIIe H& )5 KL,_ 6onee YYBCTBHTENBHBIR K KOmopoi MoxHO 66110 661 UcKTIOYamb
OIIHBKAM. 6eccMbicneHHbIe Modenu, ydosnemeopsiouue
Tabnuua CpapHEHUA JHANZ0HOB H3MEHEHHA 3HaMeHHH ry6uH, 3ddexTHEHBR TOMUMH H S

K03 QHLHEHTOR MOPHUCTOCTH S

O.Abpyn, c.272

0O.Ar6pyn, c.12

B Teuenne nocrnegHmx 30 net Mbl BUOENW, YTO COBMECTHOE pa3BUTUE reOCTaTUCTUYECKUX
METOAO0B W MPOrpPaMMHbIX CUCTEM TEONOrM4eckoro MOAENUMPOBAHUS BENO K Bce OonblLuemy
BKITHOYEHUIO re0CTaTUCTUKM B pabo4mnin NpoLecc OTAENbHbIX HAYyYHO-TEXHUYECKMX OUCLMMNIIUH -
reonornun, reodusnkn M paspaboTkn. AT0 o4eHb Xxopowwunin dakt. OgHako, BO3MOXEH eLlle
GonblKMi nporpecc, MOckonbky reoctaTUCTUKa A0 CUX NOop paccmMmatTpuBaeTcs
MHOMMMM YYEeHbIMM U WHXEHepaMM KaK YepHbIn SAWMUK, YCNewHo
reHepypyroLwmun criydyamHble Yucna, HO OTOpPBaHHbIA OT 3aKOHOB W
OrpaHNYeHN, MMEeLNXCSA B COOTBETCTBYKLIMX MNPUKNAAHbIX HayKax.
BO3MOXHO, B 3TOM, NO KpawWHeuW Mepe YacTUYHO, BUHOBATbl CaMu chneuuanucTbl-
reocTaTUCTUKWU, MOCKONbKY Npeycnenu B CO3A4aHWU MHOIUX HOBbIX MeTOAOB, MHOrAa €
OYeHb CNOXHbIM MaTeMaTUYECKUM annapaTomM, HO 6e3 ACHOro yKka3aHus Ha TO. YTO B HUX
ABNAETCA AEeNCTBUTENIbHO BaXHbIM, M KaKOe OTHOLIEHUE 3TU MeToAbl MMEKT K NpaKTuke
pas3nuyHbLIX ANCUNNAUH




B.A.ManbueB (BHUUreocucrem)

...OTOT Kfacc NporpamMMHbIX CPeACTB MMEET BECb CMEKTP BO3MOXHOCTEN MO
yrnpaBrneHno gaHHbIMKY, NPOLIECCOM PELLEHUS U NPeaCcTaBNeHMEM pe3ynbLTaToB, Npu
3TOM ynpaBfieHNe OPUEHTUPOBAHO HA NPAKTUYECKOro NoNb30BaTensa C HU3KUM
ypoBHemMm maTtemaTtuyeckoun noarotoeku (StratiFact, GEOPACK). K coxaneHuto, nx
aBTOPbI NPAKTUYECKN BO BCEX UCCMEAOBAHHbIX Cny4Yasix abcontoTnanposanm npocToTy
yrnpaBneHns u NpULNn K CoBepLieHHO 6eCCMbICNIEHHOW MOAENU CBOEro
nonb3oBaTensa Kak "cneumanncra, HeCnocobHOro kK Oby4YeH1I0 Aaxe B pamMKax
cBoeun cneuuvanbHocTn".

-_Nornb30BaTento NpnxoanTcd 3aHMMaTbCA CaMOO6a3OBaHI/IeM HE TOJ1IbKO B OCBOEHUN
yrnpasJjeHund I'IOI'GMMOVI HO U B OCBOEHUUN ee coemaTeanoﬁ 4YacTu, 0BbIYHO HU B

4yeM He I'IGGKJ'II/IKGEOGVICFI C oTedecTBeHHbIMU YHUBEPCUTETCKUMIKN KYPCAMMU. ..




NOCTPOEHUE PEFTPECCUOHHOW NPAMON Y OT X
Apumepran obnacTe paccesHns

/ Y=my+:—:(xfmx) (NpweepeHHan rmasHas ock)

Y] /
1

Haxoaum koadduumeHTs a M b, MMHUMK3VpYOWME CYMMY KBagparoB
ownoboK

my+pz—" (X-my) (Perpeccus Y ot X)
X

N
Q= Z(Y] —a—bX,)’ minimum
i=1

Mpsimas npoxoauT yepes
LeHTp TshkecTn obnaka

KoadpuumeHT KOoppenayum CranpapTtHbie oTknoHeHna Xu'Y

Y

EXCEL OTPE30K(u3BECTHbIE_3HAa4YE€HNA_X;U3BECTHbIE_3Ha4yeHua_y)
W3BeCTHbIE_3HAuYeHWA_Yy — 3T0 33BMCMMOE MHOXKECTSO0 HaONOASHM MMM AEHHBIX,
W3BeCTHbIE_3HAuYeHA_X — 3TO HE3ZBMCOMMOE MHOXECTS0 HabNOASHMIA MK AEHHBIX,
3aMeTKu

o ADryMeHTbl A0MKHEI BbITh YACAEMM MNK MMEHEMM, MACCUBAMM MMM CCHINKEMM, COASPKALLIMMA YMCNa.

o ECni apryMeHT, KOTOPbBIN SBNAETCH MACCUBOM MMM CCHINKOM, COAEDXMT TEKCT, NOMMYECKME SHIYEHNUA MNK NYCTLIE RYEIMKKM, 3T SHAYEHNA
WrHOPMPYIOTCR; AYEIKIA, COASDXALLNE HYNEBLIE SHAYEHUS, YIMTLIBAIOTCA,

o ECnM M3BECTHBIE_3HEYEHUA_Y U M3BECTHBIE_3HAYEHMA_X COASPXAT PasNMYHOE KONMMYECTBO TOYEK AGHHBIX MK BOBCE HE COAEPXKAT TOYEK
AaaHHBIX, To dyHKWR OTPE3OK B038pallasT sHadeHne ownbikin =H 1.

o YDaEBHEHWE ANA TOUKM NEPECEYEHNA NMHIM NUHEIMHONM DEMPECCHMIM & MMEET CIEA VIO BMA:

a=y-bx
rae HaknoH b BelYMcnAeTCA CNeAYOWMM 06D330M:

y - 2=y =y)
Z:(Jc—x)2




O.Ow6pyn, c.76-77

YHUBEPCANbHbIA KPUMAHT

N
Zuk(xo) =Z/’17-Z(xi) 3adaya: Haumu

Ouenka eapuayuu umeem eud:

O’é = Var[Zuk(xo)—Z(xo )]: Z’W'JC(XP xj) - ZZJ,C(XI., xo)+ (%, %)

LY}

HomkHb! ebinonHamscs dea ycnosus:

SEG/EAGE DISC 2003
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HecMmewenHocTs oueMn MuHUManNsHOCTL BaprUauwmn

3-2

Geoff Bohling, ...KRIGING C&PE 940,
19 October 2005
http://people.ku.edu/~gbohling/cpe940

CUCTEMA YHUBEPCANLHOIO KPUTUHIA
(SAOAYA KAPTUPOBAHUA 2D, NMHEWHbLIV TPEHA)

Kosapuayus nvewxdy
oysrHusaemol

mouxou u

CIN 1 'xl )/] DAHNbLIMUYU

Muowxument Omeevawom 3@ mpe t} &

X H.,,p.,nm,. dyeNnuaaemol moyxe
camoe 6ydem, ecnu emMecmo Kogapuayuu ucrnonb3oeams eapuozpammy
3-3

Kriging approach and terminology

Goovaerts, 1297 “All kriging estimators are but variants of the
basic linear regression estimator Z*[u:I defined as

ralu ]

Z'a)—mu)= E%[Z[ua 1— i, ;'I]
with

u,u_: location vectors for estimation point and one of the
neighboring data points, indexed by &

2 number of data points in local neighborhood used for
estimation of Z*[u)

miu)mu, ) expected values (means) of Z{u) and Z(u,)

A.(u} kriging weight assigned to datum z({u, ) for estimation

location u, same datum will receive different weight for
different estirmation location



O.Owo6pyn, c.44

BYAbLTE OCTOPOXHbI: CTAUMOHAPHOCTDb
ABNAETCA BONMPOCOM MACLUTABA!!!
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O.[Ow6pyn, c.45

OueBHfIHO. YTO CBeJEHUE TEONOTHYECKOH MEPeMEHHOH K TaKoH MOfenH sBiseTcs
3HAYMTENBHBIM ynpolleHyeM. Kpacora atoro npubiixeHus B TOM. YTO OHO TO3BONSET HaM
XapaKTepH3oBaTh TPEHN M OCTATOK MPH MOMOIIM MANoro YMclia 1lapaMeTpoB MOJENH,
KOTOpbI€ Mbl OYIEM MBITATECA OLEHHTD, HCIOJB3Ys MANoe KONTMYECTBO OCTYIHBIX JaHHBIX.
9710 TO, yTO MBI ByfieM M3yyaTh fanbiue. OHAKO MpeXJie, YeM NEPEXONHTh K OYepeHOMY
naparpacpy. o6paTHM BHHMaHHe, YTO BHIGOP MOENH Beerfa 3aBHCHT OT Macturaba! Ha dwr 2-
5 BHAIHO, YTO €CTH HM3yyaeTcss TONbKO ronybad 30HA. TO CTAallMOHApHasd MOMENE MOJXONMT
XOpOLLO. AHATIOTHYHO. B XeNTOH 06nacTH Mojiesb JIMHEHHOTO TPeHNa Mioc ocTaToK Gypet
viioBneTBOpHTENbHOH. B GonblunHCTBE 3amay MccnefyeMas o6nacTb - 31ech KapoTaXKHas
KpHBas - pa3fieigeTcs Ha MOJ30HbI, acCOLMHPOBAHHBIE ¢ Pa3HbIMM 0OCTaHOBKaMH
OCajKOHaKonneHus (Ha (MK 2-5 3TH MOA30HBI pasfeneHbl BEPTHKANBHbIMU JIHHHAMH).
CooTBeTCTBEHHO. pasHbIM NOJ30HAM MOTYT OTBEYaThb PA3/HYHBIE TEOCTATHCTHYECKHE
Mopenu. Mbl ellie BepHeMcs K 3TOMy NIpLiMepy NO3[IHee.

NCXOOHOE NONOXEHUE TEOCTATUCTUKWU

Fleonornuyeckas nepeMeHHasn z(X) COCTOUT U3
cucTtemMaTUu4eckoro TpeHpga m cnyqaﬁﬂoﬁ KOMMOHEeHTb!

¥

z(x) ABNAeTCA peanu3lauuen cnyyanHon cpyHxkumum Z(x),
paBHOW CyMMe TpeHAa M(X) U CNy4anHOro CTauuoHapHOro
ocTtaTtka R(x) c HyneBbIM cpeaHuMm:

Z(x)=m(x)+ R(x)
Ho xak Mbl MOXeM paccuuTaTb CTaTUCTUKY
TONLKO NO OAHOW peanu3aumu?

O.Obpyn, c.76

2.2 CraumoHapHasa moaenb

Kak Mbl MOXeMm paccuutaTb CTATUCTMKY MO €OUHCTBEHHOMY CIlydaniiHOMY
ucxony? B camom gene, mano Tonky OT MCMNONb30BaHWS MOAENW Ha OCHOBE
cnyyamHou yHKLUUW, ecnvu Mbl UMEeeM TONbKO OAHY ee peanu3auuvio z(x).
310 TO e camoe, YTO NbITaTbCA NpeAcka3aTb, CKOMbKO LAPOB KaXOoro
LBeTa B KOp3WHe C pa3HOLBETHbIMM LUAapaMu Nocrie U3BreYeHUs1 TONMbKO
ogHoro u3 Hux! Tem He wMeHee, donyuwieHue O cmauuoHapHocmu
rnoseosisem HaM ebleecmu cmamucmu4eckue ceolicmea cry4YaluHou
¢yHKyuu Z.(x) Ha ocHoge amoli eQUHcmMeeHHoU peasnusayuu z(x). [lepeoii
Yacmbio OonyweHUs O cmauyuoHapHocmu sensemcs [pednosioXKeHUe o
10cmosHHOM cpedHeM. U3 Heeo criedyem, 4mo cpedHee 3HadyeHue Moxem
66imb 8bIgedeHO nMocpedcmeoM ycpedHeHUsT 8eNUYUH Z(X), U3MEPEeHHbIX 8
pasHbIx Mecmax. Bmopasi Yyacmb 0onyu,eHUs1 O cmayuoHapHOCMU cocmoum 8
npednonoxeHuu, 4Ymo Qucrepcus Z(x) makxe He 3asucum _om
MecmonornoxeHus. 3mo o3Hayaem, 4mo Mbl umeeMm Oerio C rapamempom,
Komopebili eedem cebsi MPUMEPHO makK, Kak Ha fieeoli cmopoHe ¢hua. 2-3, u
ocyusupyem OKOJIO [OCMOSIHHO20 cpedHez2o ¢ amrnumyool, Komopasi
cmamucmu4yecku ee3de 0OUHakoea.

MocnepHee cBoricTBO 0600LLAETCA B CBOMNCTBO KOBapuauvv B CTaLMOHAPHOM
cny4yae - KoBapvauusa Mexay U3mMepeHUAsMU B ABYX TOYKaX 3aBUCUT TONbKO
OT BEKTOpa Mexay 3TUMM TOYKaMMU.




SKCNEPUMEHTAJbHLIE BAPUOTPAMMbI 3D

Geoff Bohling, VARIOGRAM ANALYSIS C&PE 940, 17 October 2005
(PAWAR ET AL., 2001)

To check for directional dependence in an empirical semivariogram,
we have to compute semivariance values for data pairs falling within
certain directional bands as well as falling within the prescribed lag
limits. The directional bands are specified by a given azimuthal
direction, angular tolerance, and bandwidth:

Topu3oHTanbHan (M3oTponHan)

N

azimuth

B 6onblumKcTse cny4aes
ropm3oHTanbHbie (2D) n
BepTUKansHbie {1D) Baprorpammel
PacCHMTLIBAIOTCH, COOTBETCTBEHHO,
napannensHo ctpaturpad s
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h + tol.

A
>

/ bandwidth

Here is the porosity semivariogram in the directions N 0° E, N 45° E, N
90° E, and N 135° E with angular tolerance of 22.5 and no bandwidth
limit, together with the omnidirectional Gaussian model:
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Here are the directional variograms (directions are azimuths
from north) computed with a directional tolerance of 22.5°:

The directional semivariograms are noisier due to the reduced number
of data pairs used for estimation. They do not show overwhelming
evidence of anisotropy.

The model shown is that fitted to the semivariogram for N 135° E,
which seems to be reasonably trend-free. The model is
exponential with a sill of 6.1 m2 and a range of 5292 m.

We then krige using a first-order trend model in X & Y and the
presumably trend-free semivariogram model for N 135° E:



O6ycnoBNeHHOE CTOXACTHYECKOE MOAIEIHPOBAHHE

MOAENUPOBAHUE HEMNPEPbIBHOW CNTYYANHOW
NEPEMEHHOW C U3BECTHbIM PACNPEOENEHMEM

WNTErpas fiNoTHOCTH BePORTHOCTEN
cnyvainoi nepemennon X

1. BuiGpacsisaem
CNYMaNMHOe TCno
Un pagHomepro

pacnpenenennoe

o X=F'()

MOAENUPOBAHWE IMCKPETHOW CAYYANHOW
NEPEMEHHOM

noweswe X npuHumMaeT N AUCKPETHBLIX 3HAYEHUN X,y Xy, ..., Xy €
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1 BLIGMpaem auCKpeTHOe 3HaYeHue, COOTBeTCTBYyIowee hparMeHTy, Ha

KOTOPbLIK BLINAAAET 3TO Criy4YalHoe YUCno

P4

p3
U(0,1) =

157

RMSuserguide, Appendix F

Kriging A standard geostatistical method for
interpolation between observations, also used
synonymously with Prediction. In the literature
it is often called geostatistical estimation.
The technique gives the expected value at all
positions in the reservoir and the observations
are reproduced, but the field will be smoother
than in the real reservoir.

Unconditional simulation This simulation
technique produces a realistic field given the
stochastic modelling job. No observations are
used. The method may be used in order to
evaluate the specified modelling job. It is often
useful to see if an unconditional simulation of
the modelling job generates a realistic field
(realization).

Conditional simulation Conditional simulation
uses both the methods mentioned above. The
simulation gives a possible field where all the
well observations are reproduced. Simulations
of several fields are valuable for analysing the
uncertainty of the reservoir performance
prediction.

As both kriging and conditional simulation
are based on the same stochastic modelling
job there is a close relationship between the
resulting fields: given a location, using the
same observations and the same job
parameters, the average of a large set of
simulated values will approach the kriged
value.




STOCHASTIC SIMULATION And RESERVOIR MODELING WORKFLOW
(Overheads and other resources available at: http://people.ku.edu/~gbohling/cpe940)
Geoff Bohling, Assistant Scientist Kansas Geological Survey, 21 October 2005, p.7-8

Sequential indicator simulation (SIS) is very similar to sequential Gaussian simulation, expect that indicator kriging
is used to build up a discrete cumulative density function for the individual categories at each case and the node
is assigned a category selected at random from this discrete CDF.

Very briefly, an indicator representation for a categorical variable such as facies would be formulated as

i % 1 if facies 4 is present at u_
Me®)"70 otherwise

Where you WOUIH IIUVYGWSG VIIG IHTIVMIGVUILWVE VUL TUWIVWG 1V GUWIET VI LT IL Jifferent faCies- 1.0' Chede]omiﬁc IS(O.OQ) |
Dolomitic Is (0.06)

We can then use kriging (based on indicator semivariograms) to produce a set _,mtm,
of facies membership probabilities at each grid point, build up a CDF from the
probabilities, and select a facies at random from the CDF:

For a continuous variable such as permeability, indicator variables
are built by comparing data values to a set of thresholds, zk:
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00- T
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Lithology Number

We might define thresholds, for example, at the 10th, 25th, 50th, 75th, and 90th
for example. In this case, kriging the indicator values for the kth threshold, zk, gives estimates of P[Z(u ) < =
zk] at each estimation point. Since this already is a cumulative probability, we don’t need to go through the
process of summing to get a CDF, although we will need to orrect any violations of the expected order
relationships, P[Z(u ) < = zk] <= P[Z(u ) < = zk+1], that happen to occur.

In this case, SIS assigns each node to a corresponding range (e.g., upper 10%) by random selection from the CDF
and the resulting indicator vector gets added to the conditioning data for the remaining nodes.
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#1 petrophysical modeling with "'U21_U22/Part of Grid_U21_U22"

Make model I Hints |

[V Ovenwrite Eﬁ-"l ﬂl ﬁ' Existing property:

7] NTG[17][U]

| N& NTG[17][U)

I“s upscaled

=1 1| «| ] »1|_.

Status: |Is upscaled
Common l Zone settings %I I Seed [637: &1 Petrophysical modeling with 'U21_U22/Part of Grid_U21_U22'
S IQ 21 Make model | Hints |
: [V Overwite _I_J ah| ;7| Ewisting property:
Fames: No conditioning to facies. The zone is modeled Shat
atus:

Method f . pre————

zoie:?fdac?;s: i Sequential Gaus  Common | Zone settings ;%J [ Seed
K Yariogram |/\ Distribution Ifgs. Co-knging | Zones: |§ 22

_]l Sill: 1.0 Facues No conditioning to facies. The zone is modeled in one single operation.
Variogram type: | Gaussian | Mugget: |0.0001 ¢| __I_J_J Method for
zone/facies:

Anisotropy range and orientation

N
Major dir  Minor di.  Vertical:
Range: 119000 [15000 |06
Azimuth: |-22.3 Dip: |0 c

(8 Sequential Gaussian simulation

— Z Variogram I/\ Distribution |]ﬁ§ Co-kniging ld Expert IB Hints I

J s |10 <blg7r
Yariogram type:IGaussian E] Nugget: {0.0001 <‘;J‘_,_m
; - Range

Anisotropy range and orientation

N I -90

Major di.  Minor dir.  Vertical: -45

Range: (13000 [10000 [06 47 4%

Azimuth: |-22.8 Dip: ID a0




¥ Petrophysical modeling with 'U21_U22/Part of Grid_U21_|

£ petrophysical modeling with 'U21_U22/Part of Grid_U21_U22'

Make model I Hints |
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£ Petrophysical modeling with 'U21_U22/Part of Grid_U21_U22"

Make model | Hints |

#1 petrophysical modeling with "U21_U22/Part of Grid_U21_U22"

Make model I Hints I
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Summary

Reservoir-modeling practice has developed into a complex set of
numerical algorithms and recipes for modeling subsurface geology and
fluid flow. Within these workflows, a number of myths have sometimes
been propagated, especially in relation to (a) methods for handling
net-to-gross (N/G), (b) implementation of upscaling methods, and (c)
conditioning of reservoir models to well data. This paper discusses
different practices in the use and upscaling of reservoir data and models,
by comparing two end-member approaches: (1) the N/G method and (2)
total-property modeling. Total property modeling, in which all rock
elements are represented explicitly, is the generally preferred method.
The N/G method involves a simplified representation of reality, which may
be an acceptable approximation. Implications for upscaling and
conditioning reservoir models to well data are discussed, and
recommended practices are suggested.

Introduction

A number of weak assumptions have propagated within the oil industry
and related research groups with respect to how reservoir data are
rescaled and handled within the reservoir model. Three myths prevalent
in reservoir modeling are that

1. The net-to-gross (N/G) ratio is a trivial concept.
2. Upscaling is not usually necessary.
3. Measurements at the well are fixed data points.

While it is generally appreciated that the N/G ratio is an important
concept, it is widely and falsely assumed that treatment of N/G ratios in

the reservoir model is a trivial matter. Similarly, while the upscaling of flow

= Petro

document preview:
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properties is an important research activity, a common assumption in
practice is that upscaling is a specialist research topic that does not
significantly affect practical reservoir modeling or, indeed, that other
uncertainties dominate over any upscaling uncertainties.

Furthermore, although upscaling methods are employed
increasingly, too often standard recipes are used without checking
the validity of assumptions. The third myth is prevalent in the use of
common modeling techniques in which the focus is on geostatistical
modeling of the interwell volume with the assumption that the
statistical variables must merely be "tied to" or conditioned to (hard)
well-data control points. While it is generally true that interwell
uncertainties are large compared to well data, the well data sets
themselves have significant uncertainties in interpretation and
rescaling, especially for thin-bedded reservoir systems. This paper
examines these issues and suggests an improved practice for
representation and transformation of multiscale reservoir data in the
reservoir model.

Contrasting approaches to the handling of N/G ratios and cutoff
values are the main concern, but implications for upscaling,
handling of well data, and reservoir modeling are also identified. The
main goal is assumed to be reservoir modeling for flow simulation
and reservoir forecasting, but the arguments are also relevant for
volume and reserves estimation.
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Facies tab (Sequential indicator simulation)

The Facies tab lists the facies to be included in the simulation.
As a default, this will include all the facies present in the
upscaled cells, at their fractions relative to the total number of
upscaled cells (i.e. if half the upscaled cells are sand, the
sand fraction will be 50%).

Choose the facies codes to be included in the simulation from
the facies codes in the template. The order of the facies is
not important for the simulation result. The list on the left
includes all the facies codes in the template used and the list
on the right includes the facies in the simulation...

...Variograms, fractions and trends can be set for each
facies individually

RMS 2010.1 UG, p.2732

The variables under study are the spatial variables, {z(x);xeV},
where x = (X, y, z) is a vector in the 3-dimensional reference
space. The spatial variable is considered as one realisation of a
random function {z(x):xeV}. and is normally known only for a finite
number of points, {z(xi):xieV, i=1...N}.

Spatial_stationarity is assumed for the random function, which
implies that the expectations are constant throughout the volume
and that the spatial variability is location independent and can be

defined by a_variogram function y(h) only dependent on the
distance between two points in the volume.

If several variables are to be modelled, a variogram function
must be defined for each variable. In addition, correlation
between variables may be defined. This may be specified by the
covariance matrix (To_ensure that the covariance matrix is always
positive definite, it is required that all variables have the same
variogram range and variogram model type in each facies type)

http://www.rockware.com/product/overview.php?id=98

software”

What is geostatistics? Geostatistics is a class of statistical techniques
developedto analyze and predictvalues of a variable distributed in space or
time. It begins with a type of autocorrelation analysis called variography or
semivariance analysis, in which the degree of self-similarity is displayed as a
variogram. The variogram model is used to predict unsampled locations by
kriging or conditional simulation, which produces estimates of the variable
across the entire spatial or temporal domain.

“Geostatistics is not an add-on feature of GS+ - it is at the heart of the
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Modeling settings | Edit hints

Ovenwrite @ Existing property: Litho [U] ¥

Status: [Is upscaled
CemEay $ ot @
(Zones: | my px1-7 DR EIE W)
No condtioning to facies. The zone is modeled in one single operation.

:f:::%g;gs ' Truncated Gaussian simulation v
4P Facies [z Variogram |&P Settings | ¥ Exeert |@ Hint |

These settings are intemal parameters used by the Gslib
algorithm. Changes require expert knowledge of Gslib.

Krigingtype:  Simple v D
g‘ For the upscaled cells: g For the previous simulated cells:
Search radius in fraction 2 | Maximum of cells to use
of variogram range: {ncnode): 12
Number of cells to use: Use multiple grd search
Mo G [
{ndmin) 1__‘ (ndmax) "2 J| Number of grid 3
| refinements {nmult) :
[7] Max per octant {noct): [2

() Upscaled logs and prev. simulated cells are searched separately.
@ UYpscaled logs and prev. simulated cells are searched together.

= (sstrat=1)
B Cell visitation order M@ Vg Bulkvolume v
U Cell visitation order v_v\AppData‘\Local\Temp
O Use this to decide the cell visitation order in the
simulation.

O Low values are visited first.

O ¥ not using this, the cell visitation order is decided
from the seed number.
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Data ar analysns with 'PK/russ_1pilot.
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[Znnes: l oy pk1-7
No conditioning to facies.
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Semivariance

always check realmode.
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> | A7 ~ i Regression Edt — Raw logs and simbox mode
20 20 60 20 100 @ When viewing vertical variograms and the raw logs.

Ef This is because the simbox approximation tends to be
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- the raw log values are approximated to be in the
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? Propotion | [ Thickness | Probabiity |72 Vaiogiams

For facies: ‘ B o ‘ofha}e V u [[] Same variogram for all facies !_d
Result from variogram analysis: - )
@ Major dir:| 134 U Type: Spherical v u Maior range: |3372.8 M

Minor dic |44 legf il 4=\ Minorrange: 800 7|
Dip: 0 g  MNugget 0374 M Vertical range:| 14 u
Major diection | Minor direction | Vertical direction
Bandwidh: (91042 |4 Searchradus: [142411 | No lags: 40
Thickness: |20 M Tolerance angle:| 77.2 ] Lag distance: 3605
Search only inside zone u Lag tolerance: |50 % M

U Search cone: u Regression Edit

0 2500 5000 7500 10000 12500 15000

. = lﬂ il.'!ul.l.'l.' m, |

1.2
IE d jo jaqunp

0.8

Semivariance

0.4

(IFw0ur zer oLl )

o T T T T
180.2671 3425075 6669.882 9914.69 131535

(v 2oy |[v oK |[X Cancel |

RMS 2010.1 UG, p.1688
Note The order of the facies in the facies list has no effect on the
Facies Indicator simulation.

RMS 2010.1 UG, p.1720
Note The order of the facies in the facies list has no effect on the
Facies MPS simulation.

RMS 2010.1 UG, p.1740

Note The order of the facies in the facies list is important. The list
should have a preferred order for the facies transitions. For
example, for shoreface reservoirs, there should be an ordering from
coastal facies through to marine facies (Figure 52.5.). If the
Separate zone models option is turned ON, you must select facies
for each of the zones.

Spatial stationarity

A random variable is said to be stationary in the strict sense if the set
of distribution functions P gZ (xlg <zl,..,2(xk) < zkyand P( Z
(x1 + h) < z1,..., Z(xk + h) < zk) is the same for all vectors h.
This means that the variable has the same probability
distribution in all locations and implies that the expectation is
constant throughout the volume.

Second order stationarity A random variable is said to be second
order stationary if the expectation and the spatial variogram
are location independent.

Transformation RMS 2010.1 UG, p.2728
There are two reasons for transforming the observed well
data:

* To ensure that trends observed in wells are carried through
to simulation at non-well locations

« After a suitable set of transformations, the variables can be
assumed to be normally distributed, and then analysed by the
usual methods for normally distributed random variables.

After estimation of modelling job parameters and
kriging/simulation the field is transformed back again.

Let Yi(x) be a petrophysical variable i at position x, where x
= (x,, Y, z) is a point in 3-dimensional space. It is then
assumed that after some suitable transformation specified by
the user (“as specified by you” 2010.1) the variable will be
normally distributed with zero expectation:

Z(x)=f[Y;(x)] (G.2)
7

where Zi is a Gaussian field with expectation zero and Zi(x) is
the value of the field in position x.

The function fi may be defined by one or more of the
transforms listed in Chapter 24, “Trend analysis &
transformations”.




Note

Note

Note

Theorderofthe faciesin the facies list hasno effect on the Faciesndicator

simulation.

p.1688

The orderafthe faciesin the facies iist hasnoeffect on the Facies ndicator

simulation,

p.1720

The order of the facies in the facies list is important. The list should have a

preferred order for the facies transitions.

Forexample, forshoreface reservoirs, there should be an ordernng from
coastal facies through to marine facies (Figure 52.5,). ffthe Separate zone
models option is turned ON, you must sefect facies for each of the zones.

p.1740

p.1731-32

This section provides some background information
about the Facies Belts method, for the three modes:
« Stacked belts « Trend & threshold « Proportions
The basic concept is that lithologies within a grid
model can be defined by a set of relatively
widespread facies or facies belts, which are
distributed with a systematic ordering. This ordering
is typically a consequence of gradual migration of
these facies belts during deposition of the reservoir
grid model (see Figure 52.1).

The resulting facies parameter is typically used as a
conditioning input to stochastic petrophysical

modelling, where different poro-perm distributions
are assigned to the various facies.

Facies Belts is a part of the Workflow management
concept, which means that several realisations can
be simulated using the same model definition.

Figure 52.1: Typical Facies Belts
realisation with widespread facies
belts which interfering.

p.1679

The variograms used in Facies Indicators
are called Indicator variograms. An
indicator variogram is identical to a
standard variogram, except that it is
found by calculating the variogram of
the Indicator of the facies at the wells
(where, for each cell on the grid with
facies information, the indicator for
that facies is set to 1 if the facies is
present and to 0 if any other facies is

present).
, . . . : p.1680
Table 50.1: Different calculation methods available for Facies Indicators
Input option Usage Method

Well data only
Global volume fractions are specified,

with no trends or seism ic conditioning.

Used where no trends have been identified
in the well data, and no seismic data is
available,

SIS (Sequential
[ndicator Simulation)

Well data with trends

A trend can bevertical (100, horizontal
(20, or (30].

SIS with trends

(COne trend is defined
for each facies)

Used where trends have been identified in
the well data using Data analysis [such asa
vertical trend shown ina vertical proportion
curve), or are known from geological
experience,

Well data and Seismic as trend

A facies probability function [FPF for
each facies gives a probabilistic
relation between facies types and
seismic attribute values, as deseribed
in Chapter 2K, "Facies Probability
Functions",

Used for a complex or user-defined 315 with trends

relationship between seismic and facies.

Well data and Seismie cosimulation

Uses seismic data and a global
[canstant] volume fraction for each
facies

Co-located
cosimulation

lUsed when therelationship between seism ic
and facies can be described by a single,
objective correlation value,

Mate that, depending on the seismic data, a
relatively low correlation value, such as 0.2,
can give a strong relation between seismic
and facies,
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“...B Teuennme mnocneguux 30 €T MBI BHAETH, UYTO COBMECTHOE pa3BUTHE
Te0CTaTUCTUYECKUX METOJIOB U IPOTPAMMHBIX CUCTEM I'€0JIOTHUECKOI0 MOJIEITUPOBAHUS
BEJIO K BCE OOJbIIEMY BKJIIOYEHHIO I€OCTATHCTHKH B pabO4YMi MPOLECC OTIENBHBIX
HAyYHO-TEXHUYECKUX JUCLUIUIMH - I'€0JIOTHH, re0pHU3NKN M pa3paboTKu. JTO O4YeHb
xopouii  ¢akr. OnHako, BO3MOXKEH emle OONBIIMI  Mporpecc, IOCKOJbKY
reoCcTATHCTHKA /10 CHX MOP PACCMATPUBAETCS MHOTMMH YYeHBIMU U HH:KEHepaMu
KaK YePHBIN SIIHK, YCIeIIHO reHepHPYIOIMIi caydaliHble YUC/Ia, HO 0TOPBAHHbII
OT 3aKOHOB M OrpaHHYEHHIl, MMEIOINHUXCH B COOTBETCTBYIOIIUX NPHUKJIAJTHBIX
Haykax. Bo3MOXHO, B 3TOM., 1O KpaiHEeHd Mepe YacTHYHO. BHHOBATBLI _CaMM
CHEeNNAJHCTBI-Te0CTATHCTHKH, NOCKOJIbKY NPEYCIeJH B CO3JAHNA MHOIHX HOBBIX
MeTO0B, MHOIJIA ¢ 0YeHb CJOKHBIM MATEMATHYECKUM ANNAPATOM, HO 0e3 SICHOIO
YKA3aHUA HA TO. 4YTO B HHX SIBJSETCH JICHCTBUTEJbHO BAKHBIM, M _KaKoe

OTHOUIICHUE ITU METOABI MMEIOT K IMPAKTUKE PASJIUIYHBIX TUCIHWUIIINH. . 7

Advantages of Geostatistics

Intellectual integrity (?) Mathematical
consistency (?)

=60NPOCHL HYIHCHO 634Nb mBOﬁHblMll.’

* 3-D models lead to better volumetrics
-ouesuoneliuiee ymeepcoenue!

* Better modeling of heterogeneity
- no need for pseudo wells

-.2€07102 6600um chmmmbte CK8AJICUHbL 011

nepeeooa ceoux 6033peHuil 6 yucio!

-controllable degree of spatial variability
-"kem”, a yyc 3amem u “xaxum oopazom” 2

- flow models are more reliable
-“seven ... of fifty” 2

* Framework to integrate data
- geological interpretation

- core and log data

- seismic data

- production data
- a 6edb xomenu “kax ayuwe...”

* Assessment of uncertainty in process
performance due to uncertainty in geological

model
- a 3mo 80006uLe 04-ueHb 0coobLil pazzoeop!




4]
z = f(z,y) = ) 2-bi(z,y)
=]

";'jg‘, M:by(x, ), =+ b (x, y)} is a series of given “basis functions” chosen such that the data are
ated or approximated in a certain sense:

f(.xz', yz) — Z S B wyp E
1=1

MeToa 00paTHBIX PACCTOAHUM Kpurunr
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o G E) e e
bl. ) = Z;;zl(d_i(# g g bi(z,y) %‘/\u C'( (IJ(.z.!/))
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Radial Basis The radial basis function method is a well established method for
interpolating scattered data. It is based on forming linear combinations of
radial functions centred at each of the data points. This means that the
interpolating function is of the form

Table E.2: Choices for

Ax) = Ycicpc "x—xill
Type Equation et

The coefficients c; are computed by solving a linear system of a size equal to
the number of scattered data points. It is recommended to use this method

Lmear ¢( r) — )‘/dlag (E.S] only for a moderate number of scattered points (e.g., up to 100 points).

The choice of the radial basis function (0 gives rise to different methods. A

CUbiC number of possible choices for @ is implemented, and the current choices

q)(r) = (r/diag’)J (Eg] for (9 are shown in Table E.2:

Thinplate spline o(r) = (’r/'djag)zlog('r,/'diag) (E.10)

Gaussian ~(rdiag)’

or) =e (E.11)

Multi quadratic B s 5 =

@o(r) = J(r/diag)” +c (E12)
Inv multi _ _(f— =
quadratic o(r) = 1/A4(r7diag)” = c”) (E.13)

where diag is the diagonal of the data window. The constant c is computed
from the formula

(E.14)

¢ = 0815x/4n



CPEQAHEE U AUCNEPCUA KOBAPUALIUA

Cov(X,Y)= E{(X—E(X)XY‘HY))]

o =Var(X)= H(X - EX)F|= ¥~ EX)YB=[ " (-m) f(mdx

i=\LN

CoiticTea dyHaaMeHTanbHbIe CBOMCTBA:
E(X+Y) = E(X) + E(Y)

E(aX+b) = a E(X) + b Var(X+Y) = Var(X) + Var(Y) + 2 Cov(X,Y) OcHoea ecell
Var(aX + b) = a2 Var(X) _ MameMamuKxu

E(X*Y) = E(X)*E(Y) ecnu X n Y HekoppenupoBaHbI
= KpuzuHza!
Var(X+Y) = Var(X) + Var(Y) ecnu X n Y HekoppenupoBasbl Cov(X.Y) =0 ecnnXn Y #anoppennpoBanL

ONPEOENEHUE KO3®PULIMEHTA KOPPENALIUN

B Cov (X, Y) _ Oxy
Jvar(X)/var(y) 9x9v




Consider a linear estimator:

Y (w)=YA - Y(u,)
i=1
where Y (u,) are the residual data (data values minus the mean) and Y*(u) is
the estimate (add the mean back in)

The error variance is defined as . 5
E{[Y' (w)- Y(u)f’ A-2abtb

C ) RRgORON

R - 30







YHUBEPCAJbHbIA KPUTUHI

N
Zyuk(Xg) =ZﬂiZ(X,-) 3adava: Haiimu

1=

OueHka eapuayuu umeem eud:

6]52? = Var[Zuk(xo)—Z(xo )]: Z’W“JC(XP xj)— ZZ}.,C(XI., Xo)+(x %)
LJ 1
Homxnbl eninonHamscs dea ycnoeus:

Haglw -l

HecmewenHoCcTs ouoMKn MuHUMansHOCTL Bapuauwn

SEG/EAGE DISC 2003 32

O.Ow6pyn, c.76-77

CUCTEMA YHUBEPCANBLHOIO KPUTUHIA

(3ALAYA KAPTUPOBAHUA 2D, NIUHEWHbLIX TPEH[)

Koeapuayus mexady
ousrueaemol

mosxkou uy

‘ O s
NHBIX Nazpawma dyenue /
camoe 6ydem, ecniu eMecmo Koeapuayuu ucnonb3oeamsb eapuo2pammy
3-3



O.Ow6pyn, c.76-77

YHUBEPCATNbHBIA KPUFMHI CUCTEMA YHUBEPCAMNBLHOIO KPUMUHIA
(3ALAYA KAPTUPOBAHUS 2D, IMHEAHLIN TPEH)

Koeapuayus rmexody
mw Kp ‘ ousHusaemold

N A
Zuk(xo):Zﬂq-Z(xi) 3adava: Halimu e y ",.D.fké“u

OueHka eapuayuu umeem aud:

o =VarlZlx - Z{x )= Z@AJC(xi, xj)—ZZZ,C(xi, xo)+C(xgyXo)
W i
JomkHbl esinonHamscs dea ycnoeusn:

x 2 b
E{%k(xo)]_E[Z(XO)] 3 Muowxumens Omeaasyarom 3a mpullﬁd 8

fh.'p.:Hw.! Dyenueaesmol moyke
camoe 6y6em, ecnu emecmo Kosapuayuu ucrions3oeams sapuospammy

SEG/EAGE DISC 2003 3-2 3-3

'i0§

» All versions of kriging are elaboratlgs on the basic linear regression

HOCMGNQNNO(Yb oueMKn MurnMansMocTL Bapunauvwmn

Kriging approach and terminology

algorithm and corresponding estimator: Goovaerts, 1297 “All kriging estir*nators are but variants of the
[Z (u)—m(u)] = Zx (W)[Z(u,)—m(u,)] basic linear regression estimator Z (w) defined as
SK

* where Z(u) is the RV model at leeation u, the u,, 's are the n data locations, it

m(u) = E{Z(u) is the location-dependent expected value of RV Z(u), and Z'a)—mu)= A, [Z(w, )— ma, )] ”

Z . *(u) is the linear regression estimator, also called the “simple kriging oe=1

(SK) estimator. .

with
Geoff Bohling, ...KRIGING ) ‘ ) ,
C&PE 940 u,u,: location vectors for estimation point and one of the
19 October 2005 neighboring data points, indexed by &

;. number of data points in local neighborhood used for
. estimation of Z*I:u:I
http.//people.ku.edu/~gb0hllng‘c1[5 mlulmlu, ) expected values (means) of Z(u) and Z (u, )
A.u}: kriging weight assigned to datum z(u, ) for estimation

location u; same datum will receive different weight for
different estitnation location






AHATA3 NPU NOMOLLX TPEHAOBOW NOBEPXHOCTH:

MCXOOHOE NONOXEHWE FTEOCTATUCTUKA r
CJTMWKOM YNPOLWIEHHbIU ANA KAPTUPOBAHUA

Feonoruyeckan nepemMeHHas z(x) COCTOUT U3
CUCTEeMaTU4YeCKOro TpeHaa U Cry4anHoN KOMMNOHEHTb!

¥

z(x) aBnsieTcA peanu3sauuen cnyyanHon pyHkumm Z(x),
PaBHOW CyMMe TpeHAa M(X) U Cy4anHOro CTaLMoOHapHOro
octatka R(x) c HyneBbIM cpeAHuUM:

Z(x) =m(xX) + R(x) AHANX3 NMPY NOMOLLY TPEHAOBOWN NOBEPXHOCTH : B P ——
o Owubkn AOMKHBLI ObITHL KOPPENUPOBaAHHBLIMU

HE TToaxXoauT |

Mopens
Ho Kkak Mbl MOXeM paccuymTatb CTaTUCTUKY 3HaveHue B TOUKe =
5 3HaveHMe AeTePMUHUPOBAHHOM DYHKUMM + cnyuaiHas owunbka
TONLKO NO OAHOW peanusauun? —} FEOCTATUCTUKA

| TPEHA |
Mpumeps!

NUHeAHbIA TPeHA, (x,y)=ap +a; x+a, y+¢
KaanparuyHbli TpeHa Z(x,y) = ag+ta; xt+ay+a; xy+a, x? +ag y2 +€

Meton
KoadhdpuumenTst TpeHaa noabupaloTcs No ToYKam AaHHbIX METOAOM
HaMMEeHbLWMX KBaAPaToOB, NOCAE Y6ro 3TOT TPeHA NCNOoNb3yeTcH ANA
NPOrHo3a BenuyMHbl Z B HEU3BECTHbLIX MECTax

BOJEE OBLEE AONYLWEHUE, YEM NPEALIAYLWEE:

A AONnyYWEHUE O CTALUMOHAPHOCTHU
CTAUNOHAPHOCTb OTHOCHUTEJIbHO NPUPALLEHUA

CpedHee u ducnepcus He 3asucsm
Om MecmonooXeHUsI MOYKU:

Elz(x)]= E[Z(x +h)]=m
Var[z(x)]= Var[Z(x+h)]= o2

CmauyuoHapHbI NpupaujeHust

Koeapuayus 3naveHuli e deyx
movykax 3aeucum moJibKo om
paccmosiHus MexAdy HUMU:

Cov[z(x), Z(x + h)]= ()

[ Bapuorpamma




Kriging
Weighted linear estimates

Kriging uses weighted linear estimates; i.e. combining
known values to estimate an unknown value Zat a
locatjor

Influence of variogram

Range on weights O
Range
[ [ I I I
1 2 3 4 5 Lag distance
n
2(x9) = 2 7 (%)
\ Direction of major continuity ;
[ Data with known values, Z(X) Weighting factor decided by Variogram:

* How close to location?

Bl Value to be estimated, Z(X,) » Preferred direction (anisotropy)

Z (Xo) is not known, but we can still calculate the error variance because we know
the statistic parameters; mean value, variance value and the variogram model




JKCNepuMeHTabHaa BapuorpaMmma

When we want to infer the variogram for a particular separation vector, (Ax, Ay), we will use all of
the data pairs whose separation vector is approximately equal to this separation of interest:

(Axij, Ayij) = (Ax, Ay)

S(Ax, Ay)the set of all such pairs
S(AX, Ay) ~ { (ia.i) | (Axi,jS Ayiq.i) oo (AX, A,V.) }

I\(Ax, A}) the number of pairs in S(Ax, Ay)

» | | | £
¥ | Ax, Ay) = IN (Ax, Lh” Z l,z.'l—z]‘l
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Variogram Parameters

Variance: A measure of how different ; ]
members of a collection are from each other. Points - Sample variogram

(] . .
Lag distance: Separation distance between = Line - Model variogram
points. <>% Sill ®

[
Sill: Variance at the point where the summary *
plot flattens out to random similarity.
Range: Correlation distance; distance
beyond which data points no longer exhibit Nugge Range
any statistical similarity. t
T ! ! I ! I Separation

Nugget: Degree of dissimilarity at zero 1 o2 3 4 5distance
distance. (lag)

The Variogram can be
calculated in 3 directions:

« Horizontal Major

 Horizontal Minor

N, 2|* Vertical
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[ [laHHble AomkHbI 6bITb Npeobpa3oBaHb ]

K1. HayHuTe ¢ BepTUKaNLHOM BapUOrpaMMb|
* BepmukarbHas 8apuozpamma: Yacto
XOpOLLO OnpezeneHa, noToMy 4To
[10CTATO4HO JaHHbIX
* [0pU3OHMankHas 8apuozpamma: Yacrto
\3anaeTcﬂ 1o reonoruu

G. OnpepenuTe ycTaHOBKYM NONOCHI NOUCKa
+ [MocmoTpute adeKT Ha BbIGOPOYHOI
Bapuorpamme
* VI3meHuTe yCTaHOBKY NOKa He
9 YA0BNETBOPHUTE BLIGOPOYHOIN BapHorpaMme

[ 3. Mopbepute Mogensb BapuorpamMMbl

BepmukanbHblii pae, mun v Haeeem BypyT
YCTaHOBNEHbI COOTBETCTBEHHO MOAEN5HOM
BapuorpamMme

it

%% Data analysis with 'Property_model/Completed Model'
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Result from vanogram anabsis:
Major dl'.l134 u u
M'notdr.l“ E 1 — R ECYA R ¢=*
Sl@ Pk huoe boor
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Kriging
Influence of the Variogram model parameters
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WHTEPMONALIA NOBEPXHOCTU KPUrAHIOM MNP
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CBA3b MEXQY BAPUOTPAMMOU U KOBAPUALIMEWN
B CTAUMOHAPHOM CNYYAE

C(h)  vh)

Kosapuauus

(h)=C(0)-C(h)

1

Bapuorpamma

p(h)= C(h)/C(0)

DYHKUMA aBTOKOPPEnAunn:
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KapTa Bapuorpammbi

—
MoXHO TakXe MOCTPOUTH ByMEPHYIO KapTy BapMOrpaMMbl, Kak fokKas3aHo Ha ¢ur 2-15.
Kaxnas Toyka Ha 3TOM KapTe [jaeT 3HayeHHe BapHOTPaMMBbl, COOTBETCTBYIOLIEE PACCTOSHHIO
¥ HanpaBJIeHHIO, KOTOPbIE 3Ta TOYKA MMeeT OTHOCHTENILHO LIEHTPa KapThl. B HalueM npumepe

SKCMNEPUMEHTANBHAA BAPUOTPAMMA U
MOAOBPAHHAA K HEX MATEMATUYECKAA MOLIENb
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Bbidepxka u3 kHuzau fJeMepc N.N. «eoepachuyeckue
UHgopMayuoHHbIe cucmembl OCHO8LI»

KpHriHr cylecTsyet B AByX OCHOBHBIX hopMax. O61umit (universal) KpUTHHI,
yaile BCETO MPUMEHSETCS, KOTAa NOBEPXHOCTH OLEHHUBACTCS MO HEPETY/ISpHO
pacnpeileneHHbIM OTCYeTaM NpH HaJWYWM TpeHAA (YCAOBME, Ha3biBaeMoOe

OpavHapHBIR KPUIKHKE 10 CBOSH CYTH ABAAETCA MWD YAYURICHHEM

meToZa OBP, B KOTOPOM YMHTBIBAKTCA He TOILKO pPacCTORHHA OT umtpno:mpyeuoﬂ TOYKH JI0
HCXO/IHBIX, HO M PacCTOAHHA MeXAYy CaMHMH HCXOAHBIMHI TOYKAMH TaK, 4To Beca 6osaee H1HIKHX
APYT K JIPYTY HCXOAHBIX TOYEK YMEHbILIAIOTCA. ITOT METOA NpeBOCXOAHT npocToit MeToa OBP nMeHRO
TOr/J1a, KOIA3 TOMKMH PaciiojOXEHB ¢ HEpaBHbIMH HHTEpBaNlaMH, 61aroaaps yseTy NpoCTPaHCTBEHHON
KOpPpeNsKH HCXOOHBIX AaHHBIX, PajpaboTaH Takxe BapHaHT METO[d, YMEHBILAKIKA 06beM
BHYHCAEHHT B Cay4yae HHTEPNOAZLMK MHOTKX TOUYEK [IPH Pa3MEUICHUH KCXOAHBIX TOYEK B Yinax
perviaspHo# ceTkM, O HalbiBaeTcA 6/104HBM KpHTHHTOM (block kriging). MeTon nosponser Takxke
YYHTHIBaTh AHHIOTPONHOCTD, ~ B 3TOM Cyyae BAPHOrpaMMa annpoKCHMRpYeTCa QyHKUHeR ABYX
HEe3aBHCHMBIX apryMEHTOB. — HPUM. Nepes.

Haubonee yacTo moKaneHbI# KPUTHHT KCIIONb3YETCA IS TOMCKA TOYEYHBIX
OLEHOK Ha OCHOBE APYrHX TOYEYHbIX HAHHBIX, 2 HE IS ONpenesicHUs
MTOBEPXHOCTEH *.



YOK 519.2

ACUMNTOTUYECKOE NOBEOEHWE BAPUOIPAMMbI B HYNE (MOAENb YEPHbIN LLYM)

B.A. BAUKOB, H.K. BAKUPOB , A.A. AKOBJEB

AHHOTaumA. U3BeCTHO, YTO GONbLUYIO POSib B TONOSIOrMU U reOMEeTPUMN CTaLMOHapPHbIX rayCCOBbIX
cny4YauHbIX Nonen urpaeT BTopas Npou3sBoAHaa koBapuauum B Hyne. Micxoaa u3 BHeLHen
MHdopmaLmm o peanusaumum cry4amnHom pyHKLMKM B NPUKNaAHbIX HayKaxX BO3HUKaeT BOMpPOC ee
y4yeTa, B YaCTHOCTU, NOCPeACTBOM 3aAaHUA CTeNeHHOro noBeaeHusi B Hyne. B paHHon pa6ote
npeanoxeHa moaenb, obecneynBarolan 3agaHHOe aCMMNTOTMYECKOE NoBeAeHMe.

KnroueBble cnoBa: reoctoxactu4eckoe MmoaenmpoBaHue, cnekTparibHas Teopusi CTauMOHapHbIX
BCIyYaMHbIX NONeun, annepoBa XapakTepucTmka, ppakranbHas pa3mMepHOCTb.

1. BBepeHue

Ha npaktuke, BBUAY HEMNOMNHOTbI 3HAHWSA O CUCTEME W BO3MOXHOW MPOTUBOPEYMBOCTM BXOAHOM
MHpopmauun, Ansa BocnpousBeneHusi peanibHOCTU HEOOX0ANM BEPOSATHOCTHLIN Noaxog (CM, Hanpumep,
[1, 2, 3, 4, 5, 6] ). lpn mMogenupoBaHMM CryYamHbIX MOMENn, Kak npasuno, ncnonbaytoT (1) Mayccoso
MogenupoBaHue, (2) cnektpanbHyo Teoputo, (3) Banecosckui nogxon. OgHako npegnonaraeTcs 3HaHve
crnyyanHoro rnons (C BEPOATHOCTHOM TOYKM 3pPEHUd), a UMEHHO ONA MOAENUPOBAHWUA CTaLMOHAPHbIX
"ayccoBbIx Cny4varHbIX nonen HeobxoguMo 3HaHMe MaTEMaTUYECKOro OXXMAaHUSA U KoBapuauuw.

A aHHasa paboTa NOCEBAMeHa 00eCcIeYeHUED 38 0aHHOr0 CTEeleHHOrO NOBEAeHNS KOBAPHUAITHOHHOM
$YHKIUH B HyJle MOAeJBK) CTeleHHEBIX XBOCTOB CHOeKTpasibHON mjioTHocTH f(A) = 28 Taxas
MOJeJIb B OJHOMEepHOM cJiydae 9acTO HasblBaeTcd wiymom. Cpeln MyMOB pPasiUdarT GeJibld
MyM CO CHOeKTPalIbHBIM HoKasaTeJieM 5 = 0, KOPUYHEBRIH MYM CO COEKTPOM MOMHOCTH, OPO-
NOPITHOHAJBHBIM )\_2, POSOBBIM MYM CO COEKTPOM DS Y9epHBIA MyM, OPONOPIIHOHAaJIBHEBIH
X8 rme B> 2.

YepHBle MYyMEBl OOUCHIBAIOT Pa3BEUTHE BO BEPeMeHH MHOTHX NPHPOIHBIX M HCKYCCTEBSHHBIX Ka-
TacTpod, TaKHUX Kak HaBOAHEHHH, 3aCyXH, PHIHKH ¢ TeHIeHIIMeM K MOHMKEHHK) KYPCOB H pPas-

CMNY JNHHHBIEe aBapHUMdHEBIE CUTYAIIUH — HaIpHMep, Hepebor B aIeKTPOsHEepPrUH [1 1].

1. D.G. Krige A statistical approach to some mine valuations and allied problems at the Witwatersrand. Master's thesis. University of
Witwatersrand. 1951.

2. G. Matheron The theory of regionalized variables and its applications. Fontainebelau: Center of Geostistics. 1971. 212 p.

3. G. Matheron The intrisic random functions and their applications // Adv. Appl. Probability. 1973. Ne.5. P. 439-468.

4. G. Matheron Estimer et choisir. Fontainebelau: Centre de Geostistique. 1978. 175 p.

5. C.V. Deutsch, A.G. Journel. GSLIB, Geostatistical software library and User's guide. New York: Oxford university press. 1992. 340 p.
6.0to6ptonb O. Mcrnonb3oeaHue 2eocmamucmuKu 05 8KI/THOHYEHUS 8 2e05102UHecKyto Moderb 0aHHbIX. EAGE: U3d-eo0 SEG. 2002. 295 c.



3. [lMpunoxeHue B He(PTAHON NPOMbILLUIIEHHOCTU

Tpemsa rmaBHbIMU KOMMOHEHTaMM HeuaeanbHOCTU NracTa ABNSAKTCA aHU30TPOMNHOCTD,
HecTauuoHapHOCTb (HEOAHOPOAHOCTL), HePaBHOMEPHOCTb. OTN TEPMUHBI MOTYT NPUMEHSITCS K Nitobomy
CBOWNCTBY nniacta, 6yab TO reohunsnyeckoe none unm ounsTpaunoHHO-eMKOCTHbIE CBONCTBA.

AHN30TPONHOCTb O3HA4YaEeT N3MEHEHME CBOWCTBA COrMacoBaHHO C yrmnom naMepeHud, TeH30pHaaA XxapakTepucTtuka.
CTaunMoHapHOCTb npeannonaraet’, B BEpOATHOCTHOM CMbICIe (Hanpmmep, cpeaHune XapaKTepVICTI/IKVI), WHBApPWUaHTHOCTb CBOWCTBA K
TpaHCNAUNAM.

HepaBHOMepHOCTb onpenendetr NoCTOAHHYHO NSMEHYNBOCTb U aarnee 6yp,eT CBA3aHa co CJ'Iy‘-ISVIHOCTbIO.

YunTbIBas CIOXHbIVA XapaKTep 3arneraHns KonneKkTopoB, NPOLIECCOB, NPONCXOASALLMX BO BPEMS 1 NOCIE, He
BbI3bIBAET HUKAKMX COMHEHUI TOT (DaKT, YTO HU OAMH U3 paccMaTpMBaEMbIX MIAcTOB HE ABMSETCS
oaHopoaHbIM. KOHEYHO, 3TO He 03Ha4YaeT, YTO BCeraa HepaBHOMEPHOCTL ABMSIETCSA KINOYEBLIM (haKTOPOM,
oHaKo, BBMAY BBEAEHUS B pa3apaboTKy HU3KOMPOHULIAEMbIX, CUITbHOPACUIIEHHEHbIX KOMNEKTOPOB, TEX, Y
KOTOPbIX A4EOUT XNOKOCTM Ha CKBaXKUHE NagaeT B KOPOTKMI CPOK B NSATb M Bonee pas, AaHHbIN hakT ABNseTcs
OOHMM M3 OCHOBHBIX. SICHO Takxe, YTO B YACTOM BUAE HE BCTPEYAETCHA M3OTPOMHOCTb, U, Kak NpaBuso,
0cob6eHHO Ha BornbLluMx MacwTabax, HET U CTaUuMOHaPHOCTMW.

[MprMeHsis HOBbIV NOAX04 MoAenMpoBaHua (CM. [16]) K reonormyeckoMy KOHCTPYMPOBaHUIO MECTOPOXOEHUS,
OCHOBaHHbI/ Ha CneKkTparibHOW Teopuu CriydanHbIX Nofen, KOTopbIn NO3BOMSET CTPOUTL HECTaLMOHapPHbIE,
aHU30TPONHbIE, B CTPOrOM CMbICIIE, HE rayCCOBbI CIly4YarHble Mors, U Mogesb CTENEHHbIX XBOCTOB,
MO3BONMIIO B CIy4asiX HU3KOMPOHMLIAEMbIX KOMNNEKTOPOB 6e3 AONOMHUTENbHbLIX FTMMOTE3 NEPENTU K
rmapoavHaMuyeckoMy MogenMpoBaHUIo.

16. bankos B.A., bakupos H.K.,Akoene A.A. Hosbie nodxo0kl 8 meopuu eeocmamucmu4yeckoao modenuposaHus || BecmHuk
YIATY: Hay4H. XypH. Yebumck. 2oc. agual. mexH. yH-ma. 2010. T. 37. Ne2.



2. Mbl CTpOMM reosiormyeckne mogaenn Takmm obpasowm,
4TObbl COXpPaHUTb AETaNIbHOCTb MCXOAHbIX AaHHbIX. JaHHble
nepeHocsaTCs B MOAeslb KakK eCTb. MMHMManbHbIA MPOCNoNn
Konnektopa, Bblgensembin no MC, nmeet TonwmHy 0.4 M,
4yTO M onpeaenser pa3MepHOCTb MOAeNM MO BepTUKaIu.
Ncnonb3ysa Takon NoAxoA Mbl MOyyYaeM BO3MOXHOCTb TOYHO
(?) onucaTtb NosioXeHWe NPOHULIAEMOro Npocaoa B MOAENMN.
Ecnm no TUC npocnon TonwmHom 40 cM onpepeneH Kak
KONJIeKTOp, TO U B MOAENWN 3TOT MHTepBan o0603HayeH Kak
KONeKTop.

Takmum o6bpa3oMm, 8 cuuTalro, 4UYTO reosorMvyeckme Moaenu,
MOCTPOEHHbIE C WCMNO/b30BaHWEM MNpuU3HaKa "KOMNEeKTop-
HeKonnekTop", SABAAITCA NpaBWIbHbIMM W coaepXaTt
nHdOopMaLUmLo, [OCTaTOYHYO ons KOpPpPEeKTHOro
reoslorM4Yeckoro onncaHmsa o6beKToB MOAETMPOBAHMS.

HukTto He cobupaetrcs crioputb. Ho NTG B
reomogesin 0653aHo 6bIThb...

TUNWYHLIA PABMEP OIHOW AYEWKW CETKU B
TPEXMEPHOW rEOJIOrMY4ECKOM MOAENA

“OnpIT NOKA3bIBAET, UTO
TUNNYHAS AYeiika CeTKH
reoJIOTHYeCKoii Moae/Iu
HMeeT 0K0JI0 OJJHOT0
MeTpa B TOJIIHHY U
HECKOJIbKUX JeCATKOB
MeTpPOB B IUIMPHUHY ((pur. e

Modens pesepeyapa pazmepom 5 km x 5 km x 100 m
06b14HO codepxum okono 1 MUNNUOHa AYeex

6. CornaceH. M B B a4elike C MHAEKCOM JIUTOSIOTUU WU
NMpU3HaKoM konsektop-Hekonnektop NTG mMeeT 3Ha4yeHue
Ownl.

>

dsS W

g = [Ku-dP/dn-dS* = [ K/u+dP/dn - NTG *dS =

S S
=f K+NTG /u-+dP/dn+dS
S

dgq = K/uu * dP/dn + dS*

OTkyaa 3710? Begb HernpaBuibHO!

A paHblue (gaxe 6e3 noiemukn o BemdunHax NTG KpuT)
BCE€ Ae/1a/loCb BEPHO.

Bcergpa npun co3gaHun upscaled cells 3a cyer
Hecom3MepmuMMocTr [/1yOUHHbIX AaHHbIX KapoTaxa u
reoMeTpun sg4eeKk Moaesien Bo3HMKaeT 31o camoe NTG,
rae gross Kak pa3 v OTHOCUTCS K SiHeNKe B LIEJIOM.
VIMeHHO Ha 3ToM 3Tarne u IpuayMaHo cBonicTBo NTG Kak
criocob (04YeHb MPOCTON U yAaYHbIN) ydeTa pasinymni B
reoMeTpusiX CKBa>nHHON nHpopmaumn n reomogeneci. U
"courb" 3TN pasznnumsa Cc noMouybro noabopa
pa3MepoB AYeeK, "BnucbiBaHWN" UX B TpaeKTopum
CKBa)kMWH He yAacTcs.

B rugpoamHaMmnke ke 31a mpges paboraer ewé
ycrnewHen: co3gaBaemasi 3a CYET rnepeMeLunBaHus
KoJI/1IeKTopa U HekoJsiiekTopa B rnporopunsax NTG mn 1 -
NTG aghdpbekTnBHas nopucrasa cpega (konnekrop!!!)
He TOJIbKO UMEET HOBbIVi €MKOCTHOM  rnapamerTp
POROgross = POROnet x NTG, HO 4TO elyé BaxxHeu - u
HOBbINA nabTpaUnoHHbIN napamerp PERMgross =
PERMnet x NTG.




KapTta mupa Mepkatopa 1569 roga

Cuctema koopauHat UTM (ot anrn. Universal Transverse
Mercator) — npumeHsiemas B reoze3un W kaprorpaguu cucreMa
KoopiauHar, pasgensowas 3emiao Ha 60 BbITAHYTbIX B
MEPUVANOHANbHOM HanpaBiieHMM 30H LUMPUHOWN

6 rpaaycos (MakcMmanbHas WupuHa 30Hbl 800 Km) 1

0T06pa>i<a|ou.|,aﬂ NX Nno OoTAEesIbHOCTU B

paBHOYTrOI bHOW nonepeuHO-IUJINH EZI/I‘leCKOﬁ ITPOCKIINHN

Mepkaropa. B oTnnyme ot cucremsl koopaunar [aycca-Kprorepa, B
UTM umcnonb3yetcs MacluTabHbIN KO3MULMEHT, PpaBHbIN

0,9996. MNoaTomy aTa cucTemMa KoopanHaT coxpaHseT
MacLUTabbl He HAa OCEBOM MepuanaHe, a Ha HEKOTOPOM
paccTosHum (okono 180 kM) OT HEro, n3-3a Yero MakcumarbHoe
nckaxeHve macwtaba B npegenax wecTurpagyCHoOn 30Hbl Y
Heé MeHbLue. [Ipyrum OTnndnem SIBNAETCS Hymepauus 30H.
lMepBasi 30Ha Ta, 0OCEBOM MepuanaH KOTOpOor MMeET AO0MroTy
177° 3. 1. Takum obpasom, Hanpumep, 7-9 30Ha B CUCTEME
koopauHat Naycca-Kptorepa no reorpaduyeckomy oxesaTty
cootBeTcTBYeT 37-1 30He UTM. Ocb abcumncc B JaHHOM
cUCTEME KoopAMHaT HanpaBfeHa Ha BOCTOK, @ OCb opAuHaT —
Ha ceBep. Bo nsbexaHune oTpmuaTternbHbIX 3HAYEHWUN
KoopAuHar, K 3Ha4yeHuto abeuncebl npubasnatotca 500000 M, a
K 3Ha4YeHuto opanHatbl B roxaom monyinapuu - 10000000 M.

[Ipumep kaprorpadpuueckoit npoekunn — npoekuus Mepkaropa
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WGS 84 (aurn. World Geodetic System 1984) — BcemupHasi cuctema
reofie3nueckux napamerpoB 3emun 1984 rona, B 4UCIO KOTOPBIX
BXOJIUT CUCTEMA FEOLEHTPUUECKUX KOOpAUHAT. B omnuue ot
JIOKQJIBHBIX CUCTEM, SIBIISIETCS] €IMHOM CUCTEMOM Il BCEH TIAHETHI.
[IpenmectBennnkamu WGS 84 6butn cuctembl WGS 72, WGS

66 u WGS 60.

WGS 84 onpenensier KOOpAUHATHI OTHOCUTEIBHO LIEHTPA Macc 3eMJIH,
MOTPEIIHOCTh cocTaBisieT MeHee 2 cM. B WGS 84 nyneBbim
MEpHUINaHOM cuuTaeTcs ONOPHBIN MEPUANAH, TPOXOAAIINN B
5,31"(~100 M) K BOCTOKY OT [ pUHBHYCKOTO MepuiiaHa. 3a OCHOBY
B3ST DJUIUIICOU ¢ O0bIuM paguycom — 6 378 137 m
(7xBaTopUanbHBINA) U MEHBITUM — 6 356 752,3142 M (monspHBIi).
IIpakTrueckas peanusanus UACHTUYHA OTCUETHOM ocHOBE I TRE.

IMapamerpsi 3emuu 1990 roaa (I13-90) — cuctema reone3ndeckux
MapaMeTpoB, BKITFOUAIONIas PyHIaMEHTATbHBIC T€OIC3NUCCKIE
MOCTOSTHHBIC, TTapaMEeTPhI 00IIE3EMHOTO AILIUIICOUIA, TAPAMETPHI
rPaBUTAIMOHHOTO OIS 3€MJIH, T€OLEHTPUYECKYIO CUCTEMY KOOPIMHAT
" mapaMeTphl €€ CBA3U C IPYTrUMU CUCTEMaMU KOOPJAWHAT.
Hcnonp3yercs B IENsIX Teoe3MUeCcKoro odecteueHrst OpOUTaIbHBIX
MOJIETOB W PEIICHUS] HABUTAIIMOHHBIX 3a71a4 (B YaCTHOCTH, TSI
oOecrniedeHus: paboThI 100ATLHOW HABUTAIIMOHHOM CITyTHUKOBOM
cuctembl [JIOHACC). T13-90 3amenuna npeasiymue xHadops [13-77 u
I13-85 u sBnsiercs anvrepHatuBord WGS 84.

R L I

Brexodw s i
deemuir duympu s o

-
s - Fhoipagusexue xoppounamss wauki M —
cen, mupoma S0°28'43"
i 1 = IO socek. dacowra 313746 o
i I
H

10
19 K10

umun 6396

| Bepmucarana:

ki dxw onpederenns
2enspapunecxicy Koopduiam

HavanbusiM mynkrom B CK-32 siBisiics IEHTp KpyIyIoro 3aia
[TynkoBcKoi#t 06cepBaTOpPHH, ACTPOHOMHUYECKHE KOOPIUHATHI
KOTOPOTO OBLTH MPUPABHEHBI T€0/IC3MUECKIM KOOpAHHATAM: @ = B°
=5996' 18",71, A°=L=30°19" 38",55. UcxomubIM OBLIT MPUHST
ACTPOHOMUYECKHH a3uMyT ¢ myHKTa CabnuHO Ha MyHKT Byrpbl
CabnuHcKol 6a3MCHOM CeTH, TPUPABHEHHBIN T€0E3NUECKOMY
a3UMYTY 3TOH e CTOpOHBL: a.°= A°=317°02" 50",63.
Otcrymienue reoua OT MOBEPXHOCTH peepeHII-AIUIUTICOUIA 1O
BbIcoTe B I1ynkoBe OBLIO MPUHSTO PaBHBIM HYJIIO.

B pesynbrare nepeypaBHUBaHUS aCTPOHOMO-T€OAC3UUECKON CeTH
¢ pedepeni-amumncouiom Kpacosckoro 6pu1a co3gana cucrema
reofie3nueckux koopauHat 1942 roga. HaganpHBIM MyHKTOM B
cucteMe koopauHat 1942 r. ObUT MPUHAT LEHTP KPYTIIOTO 3ajia
[TynkoBcKko#t 06cepBaTOpPUH, Te0Ie3NICCKUE KOOPANHATHI
KOTOPOTO UMEIOT CIIeAyronIue 3HadeHus: Bo= 59946’ 18",55; Lo=
30°19"42",09.

Havanbuerii myakr CK-32 - nentp kpymioro 3aia [TynkoBcKo#
obcepBaropun



Cucrema xoopaunar 1995 rona
B 90-x rogoB XX B. ObUI0 BBIIOJIHEHO cOBMeCTHOE ypaBHUBaHue AI'C,
JAI'C n KI'C. B ypaBauBanuu y4yactsoBaiu Bce myHKTsl KI'C, IT'C u
o01re ¢ HUMH (COBMEIIEHHBIE MU OJIM3KO PacIioioKEHHbIE U
npuBszanHble) MyHKTH! AI'C ¢ 1enbio pacrpocTpaHeHus
rOCyAapCTBEHHON CUCTEMBI KOOPJAMHAT Ha BCIO TEPPUTOPHIO HAILIEH
CTpaHBbl.
B pesynbrare Takoro ypaBHUBaHUs Obljla CO3/1aHa re0ie3MUECKasi CETh
u3 134 onopubix nyHkToB I'T'C, pacnonoxeHHbIX Ha BCEl TEPPUTOPUU
CTpaHBbI IIPU CPETHEM PACCTOSIHUU MEXKITY CMEXHBIMH ITyHKTaMHU
400-500 kM. IIpenBapurenbHO ypaBHEHHbIE KOOPANHATHI 134 MyHKTOB
nepeBeieHbl B peepeHIiHyo cuctemy, omm3kyro k CK—42.

bbbt BeIOpaH crenyromuii Bapuant GopMHpOBaHus pedepeHItHON
CHCTEMBI: HarpaBlieHHE Oceil 1 MacmTad peepeHIIHON CHCTEMBI
COBIIAJIA€T C TAKOBBIMU B YIIOMSIHYTOM paHee peaan3aliy CUCTEMBbI
koopauHar [13-90, nonoxeHune Hauaga CUCTEMbI KOOPIMHAT COBIIAJAET
C KOOpAMHATAMH HauyaJIbHOTO IMyHKTa [1yIKOBO, KOTOPBINA OBLIT TaKXe
HauapHBIM U B CK- 42. HoBas pedepeHiiHas cucrema moayduina
Ha3BaHue «Cuctema koopauHat 1995 roga». B 310i1 cucreme
KOOpPAHMHAT U ObUIM TIOIy4EHBI B 3aKIIOUUTEILHOM YPaBHUBAHUH
koopauHarhl Bcex MyHKToB AI'C. Cucrema koopaunar 1995 rona
Obli1a ycTaHOBJIeHA nocTaHoBIeHneM IIpaBurenscrBa Poccuniickoit
®enepanuu ot 28 urons 2000 rona Ne 568. Ona npegnazHayaaach
AJIS1 IPOU3BO/ICTBA reoe3MYeCKNX U KapTorpagpuyeckux pador Ha
Tepputopun Poccuu, Haunnas ¢ 1 urons 2002 roaa.

B HacTosiee BpeMsl IMPOKOe NPUMEHEHH e MOJTYYH/IH
MeCTHbIe CHCTeMbl KOOPAMHAT. MecTHas cuctemMa KOOpAUHaAT
MPEICTaBIsIET COOOH YCIOBHYIO CUCTEMY KOOPIUHAT,
YCTaHABJIMBAaEMYI0 B OTHOLIEHUH OIPAaHUYEHHOI TEpPUTOPUH,
HE TPEBHIIAIICH TEPPUTOPHIO CyOBhekTa Poccuiickoii
®enepaunu (mocranossenue [Ipasureascrea PP ot 3 mapra
2007 r. Ne 139 «O06 yTBep:KaeHHHN NPABUJ YCTAHOBJICHUSI
MECTHBIX CHCTEeM KOOPIAMHATY).

MecTHbIe CUCTEMBI KOOPJMHAT yCTAHABIMBAIOTCS IS
MIPOBEICHUS TEO/IC3MUECKUX U TONOrpaduueckux pabot mpu
HMHKXEHEPHBIX U3bICKAHUSIX, CTPOUTEIBCTBE, MEKEBAHUH 3EMEIIb,
BEJICHUU KaJacTpa U JIPYrux cleualbHbIX paboTax .

[Ipu ycTaHOBIEHMN MECTHBIX CUCTEM KOOPAMHAT MPUMEHSETCS
CUCTEMA IJIOCKUX MPSIMOYTOJIbHBIX KOOPAMHAT B IPOEKLUU
lNaycca-Kprorepa, HO ¢ MpOX3BOJIBHBIM OCEBBIM MEPUIUAHOM,
MIPOXOJAIINM YePEe3 LIEHTPAIbHYIO YacTh y4acTKa WM BOJIN3H
€ro C TAKMM PacyeToM, YTOOBI MOKHO OBIIIO IpeHeOpeyb
MONpPaBKaMH 3a PEAyLUPOBAHUE JIUHUI U YIJIOB HA IJIOCKOCTh
3TON MPOEKIIMH.

O0s3aTe/IbHBIM TPeOOBAHUEM NPH YCTAHOBJEHHUH MECTHBIX
CHCTEeM KOOpPJAUHAT siBJIsieTcs o0ecrniedeHHe BO3MOKHOCTH
nepexoaa 0T MeCTHOM CHCTeMbl KOOPAUHAT K
rocy1apcTBEeHHOM cUCTeMe KOOPAUHAT, KOTOPbIi
OCYLIECTBJISAAETCS € MCNO0JIb30BAHNEM NIapaMeTPOoB Iepexoaa
(ki1r04ei).

Pedepenu-3unconn — npudnauxenne GopMbl TOBEPXHOCTH 3eMiId (2 TOUHEE, TeouAa) JIUINCOMI0OM BpaIllCHNUS,
UCIIOIBb3yEMOE ISl HYK/l T€0JIe3UM HA HEKOTOPOM YUYaCTKE 3€MHOU MOBEPXHOCTU (TEPPUTOPUU OTACIBHOU CTPaHbI WU
HeckoibkuXx ctpaH). B Poccuu (B CCCP ¢ 1946 roga) ucnonb3yercs daauncouns Kpacosckoro.

60




B coorBercTtBuM ¢ IlocTanoBaenuem IlpaBurtenscTrBa P® ot 28 nexadpst 2012 . Ne
1463 «O eAMHBIX TOCYIAPCTBEHHBIX CHCTEMAX KOOPAMHATY» YTBEPKIACHbI CHCTEMbI
koopauHat I'CK-2011 u 113-90.11. ITUM K€ MOCTAHOBJICHHEM OTPAHNYUBACTCH
Mepuoa NPUMEHEHUS AeiCTBYOIIMX B HACTOsIIee BpeMsl rOCyIapCTBEHHbIX CHCTEM
koopauHat CK-42 u CK-95 no 1 suBaps 2017 roaa.

['CK-2011 n I13-90.11 gBIA0TCS r€OLEHTPUYECKUMU SKBATOPHUATIbHBIMUA
IPOCTPAHCTBEHHBIMU CHUCTEMAMHU KOOpAWHAT. OHU ONMPENEHSAIOT MOJ0KEHUE TOUKH
OTHOCHUTEJIBHO LIEHTPa MacC 3€MJIH, INIABHOW OTCYETHOW MIIOCKOCTBIO SIBIIETCS
IJIOCKOCTh 3KBATOPA.

I'eonesnueckas cucrtema koopauHar 2011 roga (I'CK-2011) npeanasznadena s
MCIIOJIb30BAHUS TIPU OCYIIECTBICHUH T€O0JE3MUYECKUX U KapTorpaduueckux padoT u
3aMeHUT cuctembl koopauHar 1942 r. (CK-42) u 1995 1. (CK-95), B KOTOpBIX CO3/1aHbI U
co3aarorcst Tonorpaduueckue kaptol B HacTosiiee Bpems. [lepexon k 'CK-2011
NpUBEIET K HEOOXOAMMOCTH MEPECO3aHUsI BCEX TOMOrpadUuecKux KapT, 4To
0OyCJIOBJICHO Pa3IMuMsIMU B TapaMeTpax MPUMEHSIEMbIX JITUIICOUIOB U UX
OPUEHTUPOBKE.

B nnane peanuzanuu uneu coznanns ECI'K PO nmnanupyercs npoectu B nepuoa 2016 -2017 rr. HUOKP 1o
YTOYHEHHIO BCEX HAYYHO-TEXHUUECKUX BOIPOCOB, CBSI3aHHBIX C pa3padorkoit u coznanueMm EI'CK P®, a Taxke
C TIOATOTOBKOM MPOEKTa MPOTrpaMMBbI IIEpPEXoa K 3TOH CUCTEME KapT, KOTOPYIO HEOOXOUMO MPEJACTABUTD B
[IpaButenbcTBO Poccuiickon denepanuu.

O6mie3emHas reoreHTpudeckas cucreMa koopaunar «Ilapamerpsr 3emmu 1990 roga» (I13-90.11) sBasiercs
paboueii cucremoit koopauHat [JIOHACC u Gyzer ucnoib30BaThCs B LIETSAX I€0/IE3MNUECKOro 0decneueHus
OpOUTATBHBIX MOJIETOB M PELICHUSI HABUTAIIMOHHBIX 3a]1a4.
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FloGrid 2006.2 UG,p.483
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Determining the dimensions of the micro grid
With reference to Figure 16.17, to determine Nx, Ny and Nz we set:
Nx = 1+max(|8, - &, LIE, - &30, 185 — E5l- 1S5 — &1

I+ max(Iny -, LIng =,k In7 = sl Ing =gl

Nz = T4+max(|G) - CshlCy - Cgl 183 = G, 1G4 = Cgh F%]

Note that these values can be modified using options available in the Configuration
file. Grid blocks are classified as non-truncated if the zeta values of all points on the
top of the grid block are identical to a single zeta value and the zeta values on the
bottom of the grid block are also identical to a single value, otherwise the block is
‘truncated’. Through the configuration option, one can specify that the Nx, Ny, Nz
values are to be multiplied by specified numbers or set equal to the specified numbers.
These operations can be applied separately to the truncated or non-truncated cells.
Thus it is possible to increase the sampling density in truncated blocks so that the
connectivity is better captured. Since the sampling is performed in the logical
coordinates of the fine cells the default settings described in the previous equation are
usually adequate. By choosing the values in the configuration file to be absolute, and
setting their values to unity, one may specify that FloGrid samples at a single point that
is at the grid block center. See Appendix B for further details.

=
Il

Interpolating the corner point logical values

g, B.y) = {[&,(1- )+ Eya) (1 =B)+ [E5(1-B) +Ea)B}(1-7)+

([E5(1—a) +E4a] (1 =B)+ [&;(1 - ) + Ega]B )y

n(a, By) = {[n(1-a)+nya](1-B)+[n3(1-B) +nyalp}(l-y)+
{[ns(1-a)+nga](1-P)+[n,(l -a)+nga]B}y

Sl B.y) = {[8,(1= @)+ Gya) (1 =B)+ [C3(1 = B) + el B} (1 =)+

{[G5(1 =) +Cea](1 =)+ [G(1 - ) + Cgau]B}y EQ 16.2)

where (a, f,y) are the logical coordinates in the grid block. (a, B, y) each range from
Oto 1.




FloGrid 2006.2 UG,p.503

Building the micro grid in a grid block

Having selected our grid black we divide the block into a set of Nx by Ny by Nz
microcells. We do this using trilinear interpolation from the corner values. One way of
thinking about this is to imagine that the grid block is a deformed version ofa unit
cube. On a unit cube we can introduce a coordinate system (a, fi, y), whereeach of the
variables liesbetween 0 and 1.

Wethen define the deformation of the unit cube to the actual grid block by the trilinear
interpolation formula:

& Q) = t[xl(l—:_)+x3:_|(l =)+ [x5(1=Q) +x, Cnj(1 - O)+
(g1 =Q)+x T =)+ [x5(1 =0+ x LN jE (£Q1633)
Paints 1-4 are on the top, points 4-8 on the base. These labelsare asshown in Figure
16.17.

We define a microgrid of rectangular grid blocks, all of the same shape and size inside
the referenceblock. The transformation then deforms all these reference microcells into
deformed microcells.

Figure 16.17 Pant ibds on he reference cube and he grd block
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Structured gridder properties
Building $he micro grid in a grid block

Having selected our grid block we divide the block into aset of Nx by Ny by Nz
microcells. We do this using trilinear interpolation from the corner values. One way of
thinking about this is to imagine that the grid block is a deformed version ofa unit
cube. On a unit cube we can introduce a coordinate system (a, fi, ), whereeach of the
variables lies between 0 and 1.

We then define the deformation of the unit cube to the actual grid block by the trilinear
interpolation formula:

ME N Q) = {[x, (=) + x,CJ(1=n) + [x;(1=C) +x,C (1 -O)+

([xg(1=8) +x CJ(1 =)+ [%5(1 =0+ x LN }C (EQ 1639
Points 14 are on the top, points 4-8 on the base. These labels are asshown in Figure
16.17.

We define a microgrid of rectangular grid blocks, all of the same shape and size inside
the referenceblock. The transformation then deforms all these reference microcells into
deformed microcells.
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MORE 6.6

Ves =Intg(x)dv Zj nig,(x)dv = Zntg, j dv = nthbulk

lDi D

!

—— ntg = Z Vntg, / Z poro = Z Vntg, poro,/ Z Vntg. ,

Outside Cell
1
Cell Boundary i Cell Entry Point

soil = ZVintgi poro,soil. / Z V.ntg, poro, ,

0,() _ 9y tlI-1®la® , _ 100
=90 o I 0, J

Well Index Calculations
73

f ()t = [x(0) f'(®)dt.
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The Upscaling Process Blocked Wells

Both petrophysical modelling and facies
modelling are performed using a 3D grid
cell structure to represent the value ®
distribution within the grid model volume.

Well

The value of point 1

The value of point 1

Each cell  represents one value

corresponding to the petrophysical /| /- The average value of point 1 and 2
geological model. Since most well logs are | S i il of acsnii
measured every half foot (every 15 cm), I

The average value of point 2 and 3

the cell thickness in a 3D grid is
normally larger than the well data

The average value of point 3 and 4

sample density, as shown in Figure 45.1. Theaellwitine.. I
. : measurement wi Th I f Do}
This is the reason why the well data must | | jeavalue because ST Wi of pomt 45
be scaled up to the resolution of the 3D well measurement -aafe- - :
) from the ¢ average value of point 5 and 6
grld IayOUt' neighbouring cells
ey b _I The average value of point 6 and 7
|
Well Path ® Measured data point
-, e Interval line (marker)
7’0—\_| ole[> ofe :: Figure 45.7: The interval method illustrated for a continuous log
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Figure 45.1: Well data density and the 3D grid layout



Total-Property Modeling: Dispelling the Net-to-Gross Myth
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Philip S. Ringrose, StatoilHydro ASA

Summary

Reservoir-modeling practice has developed into a complex set of numerical
algorithms and recipes for modeling subsurface geology and fluid flow. Within
these workflows, a number of myths have sometimes been propagated, especially
in relation to (a) methods for handling net-to-gross (N/G), (b) implementation of
upscaling methods, and (c) conditioning of reservoir models to well data. This
paper discusses different practices in the use and upscaling of reservoir data and
models, by comparing two end-member approaches: (1) the N/G method and (2)
total-property modeling. Total property modeling, in which all rock elements are
represented explicitly, is the generally preferred method. The N/G method
involves a simplified representation of reality, which may be an acceptable
approximation. Implications for upscaling and conditioning reservoir models to
well data are discussed, and recommended practices are suggested.

Introduction

A number of weak assumptions have propagated within the oil industry and
related research groups with respect to how reservoir data are rescaled and
handled within the reservoir model. Three myths prevalent in reservoir
modeling are that

1. The net-to-gross (N/G) ratio is a trivial concept.
2. Upscaling is not usually necessary.
3. Measurements at the well are fixed data points.

While it is generally appreciated that the N/G ratio is an important concept, it is
widely and falsely assumed that treatment of N/G ratios in the reservoir model is

a trivial matter. Similarly, while the upscaling of flow
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properties is an important research activity, a common assumption in
practice is that upscaling is a specialist research topic that does not
significantly affect practical reservoir modeling or, indeed, that other
uncertainties dominate over any upscaling uncertainties.

Furthermore, although upscaling methods are employed increasingly, too
often standard recipes are used without checking the validity of
assumptions. The third myth is prevalent in the use of common modeling
techniques in which the focus is on geostatistical modeling of the interwell
volume with the assumption that the statistical variables must merely be
"tied to" or conditioned to (hard) well-data control points. While it is
generally true that interwell uncertainties are large compared to well data,
the well data sets themselves have significant uncertainties in interpretation
and rescaling, especially for thin-bedded reservoir systems. This paper
examines these issues and suggests an improved practice for representation
and transformation of multiscale reservoir data in the reservoir model.

Contrasting approaches to the handling of N/G ratios and cutoff values
are the main concern, but implications for upscaling, handling of well data,
and reservoir modeling are also identified. The main goal is assumed to be
reservoir modeling for flow simulation and reservoir forecasting, but the
arguments are also relevant for volume and reserves estimation.



Petrel

Principles of Scale up well logs

When scaling up the well logs, Petrel will first find the 3D grid cells that
the wells penetrate. For each grid cell, all log values that fall within the cell
will be averaged according to the selected algorithm to produce one log value
for that cell.

For discrete well logs (e.g. facies or zone logs), the average method
Most of is recommended. The upscaled value will then correspond to

the value which is most represented in the log for that particular cell.

The layout and the resolution of the 3D grid will
control how many and which cells each well penetrates. A
dipping layering scheme, compared to a horizontal

scheme, can dramatically alter the results from the The resu_lt of the Scale up well Iogs
scale up of well logs and the subsequent property process is placed as a property model
modeling. icon in the Properties folder for the 3D

grid. It only holds values for the 3D grid
cells the wells have penetrated (Figurel).

Wl trajectory All other cells have an undefined value.
, Property modeling is then used to assign
\ [30 grid cells values to all the other grid cells, based on
\ the scaled up well logs and optional trend

data.




Scale up well logs process

As points: All sample values within
each cell are used for averaging
(without being weighted). If no
points are present in the cell, the cell
will be undefined.

As lines: Each sample value is
weighted by a factor proportional to
its interval. Sample values outside
the cell will be taken into account if
the mid point between the sample
and a sample inside (or on the other
side of) the cell is within the cell.
Each sample will be weighted. The
weighted value of each point is given
by the formula presented below. Only
the part of li lying inside the cell will
be used to define the weight. If the
sample interval is constant, "as
lines" will be virtually identical to "as
points".

|
|

Fig.1 Part of horizontal well going through a cell. Petrel 2010
Five log values are present
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In figure 1, / i is the part of the length of the well trace that the log
value of each point defines. The total length of the cell is / total.

The value Vi of each point involved is then:
‘/i=nioli/ltotal

where Ni is the log value of the point. The resulting value of the cell is
then calculated using the values of each point involved and the average
method selected.

The input values from the raw logs to be used for averaging
can be selected in different ways:

Simple - All cells penetrated by the Through cell - The well trajectory must Neighbor cell - This option will average log values

well path will get a value. Even if just go through two opposite cell walls (top from all cells immediately adjacent to the upscaled cell
a tiny corner of a cell is penetrated by and base - opposite sidewalls) of a cell and belonging to the same layer as the upscaled cell.
the well path, it will get a value. for the cell to be included. Therefore, if there are three adjacent cells along the

well path which belong to the same layer, the first will

get an average value of the logs from cells 1 and 2, the

second from cells 1, 2 and 3 and the third from logs
/ within cells 2 and 3.
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Fig.1 Part of horizontal well going through a cell.
Well Path Five log values are present
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Figure 45.1: Well data density and the 3D grid layout
In figure 1, [ i is the part of the length of the well trace that the log
Well value of each point defines. The total length of the cell is / total.

Py The value Vi of each point involved is then:
The value of point 1
Sl Vi=nieli/ltota
where Ni is the log value of the point. The resulting value of the cell is

then calculated using the values of each point involved and the average
method selected.

The value of point 1

D Sy

The average value of point 1 and 2
The value of point 2

‘ The average value of point 2 and 3

RN = b [V wells ;I
The average value of point 3 and 4 B Mo ’j’“' .
The cell with no L a =y M YU F:.u:
measurement will i The average value of point 4 and 1 \:111_1,;1'.4':
get avalue because E P-4 107 _urus
well measurement b on y P 2 v 14 urus
from the The average value of point 5 and 6 S
neighbouring cells ; A
a(cguscd. g — I The average value of point 6 and 7 Defines how the grid cells the well penetrates are chosen.
l % Simple: All cells the well trajectory goes through [touches).
® Mceasured data point
§ 571 Through cell: The well trajectory must go through two opposite cell walls (top and
"""" Interval line (marker) iy base - opposite sidewalls) of a cell for the cell to be included. ~|
Figure 45.7: The interval method illustrated for a continuous log — Neighbor cell: This option will average log values from all cells adjacent to the :
upscaled cell and belonging to the same layer as the upscaled cell. [ | X C . l
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KOT/1a B UCXO/IHBIX IaHHBIX UMEIOTCS OLIUOKH (pe3Kue
MUKH 3HAYECHUH ).
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Figure 45.1: Well data density and the 3D grid layout

The cell with no
measurement will
getavalue because
well measurement
from the

neighbouring cells
are used.

® Mceasured data point

Interval line (marker)

Well
|

e

The value of point 1

The value of point 1

The average value of point 1 and 2

The value of point 2

The average value of point 2 and 3

The average value of point 3 and 4

The average value of point 4 and §

The average value of point 5 and 6

The average value of point 6 and 7

Figure 45.7: The interval method illustrated for a continuous log
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Scale up well logs

Fig.1 Part of horizontal well going through a cell.
Five log values are present

ltotal

In figure 1, [ i is the part of the length of the well trace that the log
value of each point defines. The total length of the cell is / total.

The value Vi of each point involved is then:
Vi=nieli/ltotal

where Ni is the log value of the point. The resulting value of the cell is
then calculated using the values of each point involved and the average
method selected.

v Model
YURA
104_urus
107 _urus

14 urus

A
F
Method

Defines how the arid cells the well penetrates are chosen.
% Simple: &ll cells the well trajectory goes through [touches).

s

Through cell: The well trajectory must go through two opposite cell walls (top and
base - opposite sidewalls) of a cell for the cell to be included.

upscaled cell and belonging to the same layer as the upscaled cell. '

% Neighbor cell: This option will average log values from all cells adjacent to the !
- | I ¥ Cancel l




MeToaunyeckue pekoMeHOAaLMW MO UCMONb30BaHUIO OaHHbLIX CencMopa3BenKu
(2D, 3D) ona nopgcueta 3anacoB HedTU U rasa. Aetopbl: B. B. Mlessut, 0. T.
Amnunos, B. M. Moroeckun, B. B. Konecos, M. B. Kopoctbiwesckuin, C. H. IMNMreuos. - Mockea,
2006.

B cBsi3W ¢ 3TUM NIpU MCIOJL30BAHUH ceiicMopa3Benkn 2D npu nmojicyere 3anacos
HEeOO0X0AMMO _ VYUTBLIBATH _ CJIeIVIONIHE OrpaHuveHusi: Bo-mepBbiX, 4YTOOHI
YMEHBIINTD TIOTPEIIHOCTH MEeXNPOoGuiIbHON uHTepnomsiumn 7,{xy), HCI0Ib30BATL
TOJILKO CheMKH C BBICOKOIi ILIOTHOCTLIO mpoduieii (He nuxe 2 KM/KM2), npu
OTHOCUTENILHO BBICOKOM YHCJE CKBaXHMH Ha OOBEKTE M C IIOJOTMM 3aJIeraHUEeM
LIEJIEBBIX TOPHU30HTOB. BoO-BTOpBIX, 1eneco00pa3HO MCIOJIb30BATH JaHHbIe 2D
TOJbKO /ISl NPOrH032a CTPYKTYPHBIX ()OPM KPOBJIM M NOAOIIBBI 3aJ1€KH. JTa
pEKOMEHAAIUsl OCHOBaHA Ha TOM, YTO OTHOCHTENIbHAsl MOTPEITHOCTh CTPYKTYpPHBIX
HOCTPOCHUH  (CpeIHeKBaJpaTH4Has OMmMUOKAa MO OTHOIIEHHIO K JHANa30HY
M3MEpAEMBIX BEIMYHH o, /(2" - Z™"), KaKk NPaBUIIO, B HECKOJIBKO Pa3 MEHbIIE, YeM
JUISL TIO/ICYETHBIX MapamerpoB H . 1 K_ (3TO TIOKa3aHO CTATHCTUKOW peanbHOM
MOATBEPKAAEMOCTH OONIBIINX 00BEMOB pa%OT 3D - paznen 111.2.6). [loaTomy norepst
TOYHOCTH 32 CYET WHTEePHOJISIHH JIeJIaeT HelleJaeco00pa3sHbIM MPOrHO3HPOBAHKE
H " 1 K, Gonee 4yBCTBUTEIIBHBIX K OIIIMOKaM.

Ta0nuna cpaBHeHHUsI IMANA30HOB U3MEHEHHS 3HAYeHUH N1y0nH, 3¢ peKTHBHBIX
TOJIMH U K03Q(PHIHEeHTOB NOPUCTOCTH

JHamas oM H3MeHe HHS H3smepsiersIit map ameTp
Z,m Had,m Kn, %
JIHamas oH H3MeHe HHSA H3MePSeMor o ap areTpa
JHamas oH H3MeHe HHS CP e e KBaJp a THYHO i 50-20 20-0 55-25
TOTPeUrHOC TH &
OTHOC HTe TBHAS OT Pe WTHOCTH 8.5 5.3 25.15
0.10-0.25 0.20-0.50 0.3-1.0

O.dwo6pyn, c.272

ELLE ABE CTATbU B XXYPHANE GEOPHYSICS

o “Baitecoscknit nepuog B8 uumepcun: Yyebroe nocobue”,
asroput Ulrych et al., ausaps-espans 2001

* “AnpuopHas UH(OpMaLUs U HeonpeaeneHHOCTb B
obparHbix 3agayax” , aBTopkl Scales and Tenorio, mapT-
anpens 2001.

“MbI HyxAaemcsa 8 Memodax, NMNo3eonAIoULUX
UHKOPMOPUPOB8amb anpUOPHYI0 UHGhOpMayULo,
cywecmeyroulyro MOMUMO GaHHbIX, NPU NOMOWU
KomopoU MOXHO 6b1n0 6b1 UcKkTOYamsb
6eccmbicneHHbIe Modenu, ydoenemeopsioujue
amum OaHHbIM”

O.Ow6pyn, c.12

B TeyenHne nocnegHmx 30 netr ™Mbl BUAENU, 4TO
COBMECTHOE pa3BUTME Fe0CTaTUCTUYECKUX METOOOB U
NPOrpaMMHbIX CUCTEM reorIorMYeckoro MOAENMpPOBaHMS
BENO K Bce OonblueMy BKMHOYEHUO FeOCTaTUCTUKM B
pabouymii npouecc OTAerNbHbIX Hay4YHO-TEXHUYECKMX
OUCLUMNIIMH - reoriormun, reomsnkn n paspabotkn. 1o
0o4eHb xopoLumni dakT. OgHaKo, BO3MOXEH elle 6onbLunii

nporpecc, MnOCKOJIbKy reoctatTuctuka 4o Ccux nop
paccMaTpuBaeTCcA MHOIrmmMmu Y4YeHbIMU n
WHXeHepaMu KakK qeprn?l ALWUK, yCcnewHo

reHepupyrLWwmn criybyaHble YnUcria, HO OTOPBaHHbIN
OT 3aKOHOB U OrpaHWYeHWH, UMerLWunxcsa B
COOTBETCTBYIOLMX MPUKIIAAHbIX Haykax. Bo3amoxHo, B
9TOM, MO KpavHeW Mepe YacTU4HO, BUHOBATbl camu
cneuvanuncTbl- reocTaTUCTUKM, NOCKONbKY
npeycnenu B CO30aHUW MHOIMX HOBLIX MeTOAOB,
MHOrda C OYeHb CIIOXHbIM __MaTeMaTU4ecKum
annapaTtoM, HO 6e3 SICHOro ykas3aHusi Ha TO. YTO B
HUX ABNAETCA AENCTBUTENbHO BaXHbIM, W Kakoe
OTHOLUEHMe 3TW MeToAbl UMEKT K MpakKTuke

Pas3nunYHbIX ANCUUNIINH




August 18, 2004
Dr John L Hennessy
President
Stanford University
Stanford, CA 94350

Dear Dr Hennessy,

I wish to point out once more that several scholars at
Stanford University apply, endorse, teach, or otherwise
support, geostatistics, a fundamentally flawed variant of
mathematical statistics. Geostatistics is applied in geology,
mineral exploration, mining, oil reservoir forecasting,
hydrology, environmental, geotechnical and health
sciences, and other fields where sparse data sets occur in
large sample spaces, and additional data is expensive to
measure or impossible to obtain.

Last year | failed to persuade you that geostatistics merits
more scientific scrutiny than it has so far been accorded. So
I want to explain in even greater detail the crux of my
crusade against the junk science of geostatistics. One of
the cornerstones of geostatistics is Journel’s doctrine that
spatial dependence may be assumed. Some of his thoughts
form part of the attachments to this letter. A copy of
Journel’s reluctant response of October 15, 1992, to the
Editor of the Journal of Mathematical Statistics (JMG), and
of the Editor’s accompanying letter of October 26, 1992, to
me, are also posted under Correspondence on my website
at geostatscam.com.

September 7, 2004
Professor Dr A G Journel
Assistant Editor
Journal of Mathematical Geology
By email

Dear Sir,

Your reluctant reply of October 15, 1992, to JMG’s Editor, and
his letter of October 26, 1992, to me, continue to make
perplexing reading. You concluded that my reading is, “too
encumbered by classical “Fischerian” (sic) statistics”
whereas JMG’s Editor conceded, “Your feeling that
geostatistics is invalid might be correct”. Paradoxically,
Professor Dr Robert Erhlich is no longer JMG’s Editor
whereas you remained one of JMG’s multitude of Associate
and Assistant Editors who are entrusted with the enforcement
of geostatistical dogma...

...Three months ago | asked Krige similar questions but his
investigation is ongoing. You and your colleagues ought to
investigate when the variance of the distance-weighted
average vanished without a trace. Was it a human error? Or
did the early krigers believe that too many distance-weighted
averages went to waste? Who decided that the variances and
covariances of sets of distance-weighted averages are
statistically sound, and not a scientific fraud. When, where,
why, and by whom was the variance and covariance of a set of
distance-weighted averages accepted, and the variance of a
single distance-weighted average rejected. Since the early
1990s | have questioned the validity of geostatistics, and have
been served a steady diet of convolution, evasion and
prevarication. All | ever wanted are answers that make
scientific sense. Please do not assume that | shall not
continue to pose questions.

Yours truly,
Jan W Merks



covers only single-phase flow. The calculations are, in
ARE'’s view,somewhat simplified.No allowance was made
for varying &k and k,, which is a remnant of deposition.
This is shown in Figure 3-46.The effects of shale breaks
can also be determined by electrical analogues.
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Fig. 3-45 Effect of Shale Intercalations
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Fig. 3-46 Effect of Grain Orientation and Vertical
vs. Horizontal Permeability

There is also a method by Deutsch. A more sophisti-
cated approach is to use statistical shales. An example of
this is shown in Figure 3-47. A correlation has been devel-
sped by Bora, which can be used to estimate the effective

Example of square shales
Average frequency = 4, shale length = 3, shale width =3

Comparison of simulated and
predicted productivities.
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Fig. 347 Stochastic Shale Distributions and Correlation of
Effective Vertical Permeabilities from Stochastic Realizations

Lag shales

The author has seen definite examples of lag shales
affecting communication in a shoreface deposit reservoir.
Ironically, it was mapped as an inferred fault based on
pressure information. The fault was thought to have a suf-
ficiently small throw that it could not be interpreted on
seismic data. The lag shale was put into ARE's simulation
based on the geological model and a fence diagram. The
reservoir was then modeled as overlapping sands rather
than in a layer. This is notoriously difficult to determine
from correlation, as shown Figure 3-48.




