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HanpaBneHne pa3paboTku

Pa3paboTKa nporpammHoro obecnevyeHusa Aasa NPOrHo3a NapameTpos
NPOAYKTUBHOCTU HedPTerasoBbiX popmaLmMn Ha OCHOBE:

1. ThyboOKMX HEMPOHHbIX CETEN C MHHOBALMOHHbIM TMOPUAHBIM
obyyeHmnem (reHeTU4YeCcKne airoPmUTMbl U FTPaaUEHTHbIE MEeTOoAbl).

2. CeMCMMYECKON MHBEPCUN MO NOJIHbIM, YI/IOBbIM U a3MMYyTaIbHbIM
CYMMaM.

3. AHanusa TpewmnHOBaTOCTN MO CEMCMUYECKMM AAHHbIM.



[IporHo3npyembie napameTphil

» laHHble O6blYM MMEOT MHOTODAKTOPHbIN HEIMHEMHbIN XapaKTep
»Kakue dpakTopbl?

»Kak paKkTopbl COOTHOCATCSA C APYT APYrom?
»HopmunpoBaHue no BpemeHu 1 no NpoCcTPaHCTBY

» [lpyrue napameTpbl HENOCPEACTBEHHO CBA3aHHbIe ¢ A0bblyel HedTH 1 rasa
»3PpdeKTUBHbIE TONLLMHDI

»MNopuctocTb
»HacblWweHHOCTb
»33PpdeKTUBHbIE EMKOCTHU

»1nA NPOrHo3a Hy*HO UCMO0Nb30BaTb COOTBETCTBYIOLLMI annapaT
»HenuHenHbIn

»C BbICOKOW cTeneHbio cBoboabl
> PelleHne HEKOPPEKTHbIX N HECTAabUIbHbIX 3a4a4



Kakue dpakTopbl BNUAIOT HA OebuT Ons
FOPU30OHTAalIbHbIX CKBAXXUH?

[eonornyeckmMin NOTEHLUMAN UM KaYeCcTBO pe3epByapa — Kak BO3MOMKHOCTb Fre0/IoOrMYecKom
dopmaumm B 3a4aHHOM TOYKE NPOCTPAHCTBA NPOU3BOANTb A0ObLIYY YIIEBOAOPOAbI.

B3

KauectBo bypeHus Kak 4}
KOHTAKT TPAaeKTOPUUN FrOPU30OHTA/IbHOM CKBaXKUHbI

C pe3epByapom

KayecTBo 3aKaHYMBAHUA U cTmumynaumun

(Completion quality stimulation quality)

BanAHMe 3aKaHYMBAHMA U CTUMYNAUNN Ha ,£I,€6MT CKBaAXWHbI



Kakve OTHOLLUEeHNA mexay
doakTopamu BnusaoLme Ha 0edunT?

O6bl4HasA IMHENHAA MOAENb B BAIE TYMMbl GaKTOPOB:
PR = YN . a; * F; =GeologyPR m ompletionPR

Mpeanaraemas moaesns B BUAE nponsseneHUs GpakTopos:

PR = GP = DQ * CQ

PR - [ebut ckBaxkuHbl (production rate).

GP - Teonornyeckuin noTeHULMAN KaK MAaKCMMaNbHbIN BO3MOXKHbIM Aebut (PR <= GP).

DQ - KayectBo bypeHMs KaK KO3IPUMLMEHT KOHTAKTa TpaeKkTopuu ¢ pesepsyapom (0< DQ <=1)
CQ - KauectBo cTUMyNAaUMU UK 3akaHumeaHma (0< CQ <=1)



ULUeHKa Ka4eCTBa
OypeHus

LoadedFromExcel
Trajectory_Dewvistjonz(ft)

9021 ft.

TpaeKTopuA CKBaXKMHbl — TOHKaA ronybaa AnHuA
[NoNAMHOM — KpacHaA KpuBas
LiBeTHble TOYKN — OTKNOHEHMe OT NOJIMHOMA



DdpPpvadln 1PAeRTOPUN A1 1 £UUU
ropn3oHTanbHbIX CKBaXXMH B Eagle
Ford
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[ nybokasa HEMPOHHAas CETb

Deep neural network

. hidden layver 1 hidden layer 2  hidden layer 3
input laver

output layer




OcHoBHas nges rnyobokux
HEWPOHHbIX CETEN

MpousBecTn reHepanamsaumnio MHGoOpMmaLmnm B NepsbiX CA0AX ceTU 6e3 yunuTensa U BbiNOAHATb
obyyeHMe C NONHbIM COeAUHEHUEM TOIbKO B YNPOLLEHHbIX CN0AX.

MeToapbl aBTOaccounaLnm:
Autoencoder

Restricted Boltzmann machine
KoHBontoumsa (bunbrpaums)

Knaccudpukauma 6es yumtens



\ 4

Autoencoder — cxkaTne KapTUHKN

METOOOM «Y3KOro ropnbillka» w
BblaeneHne 3Ha4nmMbIX 3Ha4YeHU

> QQQ000




[lpegnaraemasi cxema 0byyeHns HEMPOHHbIX CeTeN
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Ilcnonb3oBaHWe CKOMb3ALWMNA OKOH HA BXOAOeE

1D npumep 3D npumep
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CnoKHocTb — 6bonblUaa Koppenauma BXOAHbIX AaHHbIX




[TporpammHbIV KOMMneke IP_Sels

1. Aapo Komnnekca

> BBoa/BbiBOA

> CpeacTBa BU3yanmsaumu

> CTaTUCTUYECKUIM aHaU3

> CoxpaHeHne U BOCCTaHOB/IEHNE NPOEKTa

2. Habop pyHKUMOHANBbHBIX MOAYNEN
> MaKcnmanbHaa aBTOHOMHOCTb

> BO3MOKHOCTb MCNO/Ib30BAHMA KaK naaruH B Petrel
° BO3MOXHOCTb UCMO/1Ib30BaHMNA KaK NJ1arnH B APYINMX CUCTEMAaX



Appo komnnekca IP_Sels

1. BBOp,/BblBo,u,
Habop Touek (Excel file)
= [loBepxHocTn (CPS3 ASCII, IRAP ASCII, ZMAP ASCII,...)
= Well header, trajectory (Excel file)
= SEGY
= LAS

2. Cpepactsa BM3yannsaumm
. KapTa
. Pas3pes
e 3D (B paboTe)

3. Cratuctunyeckum aHanums
=  Kpocc nnot

=  [ucrtorpamma

4. CoxpaHeHue 1 BOCCTaHOB/IeHMe NpoeKTa



PaboTa ¢ NOBEpPXHOCTAMU
(Habop kapT - 2D aTpnbyToB)

1. DNN_SurfaceAttributes - moaynb ana nporHo3a apPpeKTUBHbIX NapameTpoB no Habopy 2D
aTpubyTos (Habop KapT) Ha OCHOBE MYOOKUX HEMPOHHbIX ceTel. Pe3ynbTaT — HECKONbKO KapT C
nporHo3amu P10, P50, P90 n pa3bpoc nporHosa (cTaHaapTHOE OTKNOHEHME).

SOM_Clustering — moaynb ana BblaeneHuna cemcmodaumin no Habopy 2D atpmnbyTos (Habop
KapT) Ha ocHoBe B KauecTBe anroputma Ana knaccndukaumm MCNoib3yeTcs CTaHAaPTHbIN
anroputm SOM (self-organized map).

DNN_Fracture_Detection moaynb BblAENEHNA 30H TPELLMHOBATOCTM U CKPbITbIX Pa3/IOMOB MO
Habopy 2D aTpmnbyTtoB (Habop KapT) Ha ocHOBE rMNYHOKNX HEMPOHHbIX CETEN.

BcnomoraTtenbHble moaynn (M3BnevyeHmne aTpmbyToB Ha NOBEPXHOCTb M3 CEMCMUYECKOTOo Kyba)



PaboTta ¢ cencmmnyeckumm Kybamm

DNN_CubeAttribute - moaynb ana nporHosa appeKTUBHbLIX NapameTpoBs no Habopy 3D aTpnbyTos (Habop
celCMMYecKnx KyboB) Ha OCHOBe MYHBOKNX HEMPOHHbIX ceTel. Pe3ynbTaT — HECKO/IbKO KyboB ¢ nporHo3amu P10,
P50, P90 131 pa3bpoc nporHo3a (cTaHAapTHOE OTKAOHEeHUE) ANs 3a4aHHOro cnos (Kposas — nogowea obnactu
MHTEpeca).

Poststack_Inversion — moay/nb KN1accM4eCcKo CEMCMMYECKOM MHBEPCUM AN OLUEHKU aKyCTUYECKOro MMmneaaHca Ha
ocHoBe obpalleHns ypaBHEHMA KOHBOIIOLMKU. TEXHONOTMA MOMKET MCMONb30BaTb CEUCMUYECKUI UMMYIbC UNN
BK/IIOYUTb €ro OLLEeHKY OHOBPEMEHHO C MHBEPCUEN ANA KaxKAoM Tpaccbl. Moaynb TaKKe BKAOYaAET peanmsauuto
TexHonormum Color Inversion 1 BbipaBHUBAHME CMEKTPA CEMCMMYECKOTO CUTHaNa.

S2L_Inversion — moAy/ib MHBEPCUOHHBIX MOCTPOEHWIA Ha OCHOBE COBMECTHOTO MCMO/Ib30BaHMA HECKO/IbKMX
CENCMUNYECKUX Ky6OBéKy6pl A0 CYMMUPOBAHWA N/UNKN asumyTanbHble Kybbl) 1 Habopa KapoTaXKHbIX KPUBBIX (
Hanpumep Al, Vp/Vs, density, Fast velocity, Slow velocity,...).

ML _FractureDetection - moaynb ANA NPOrHO3a 30H TPELWMHOBATOCTU N CKPbITbIX PA3/1IOMOB NO AAHHbIM

cenmcmopasseakn. Moayib OCHOBaH Ha NPUMEHEeHMe aIroPUTMOB MallMHHOro oby4veHus (Machine learning), uTto

no3sonseT s¢pPeKTMBHO peLlaTb 3a4aqy Takoro nporHosa. CpaBHeHMe pe3y/bTaToBs BblAe/1eHUA 30H

TPELLMHOBATOCTMN U CKPbITbIX PAa3/1IOMOB HA OCHOBE Pa3/IMYHbIX TEXHONOMMM U Hallero noaxoaa, nokasbliBaeT
ONbLUYIO pa3peLlatoLLyo CnocobHOCTb.

DNN_SOM SeisFacies — moaynb ana sblaeneHusa cencmodaumnim no popme CEMCMUYECKOTO CUTHANA B U3y4aeMoM
nnacte. JaHHbIA MOAYAb UCMONBL3YET ANA KnaccuPuKaunum obbEMHbIN curHan (cyb-Kkyb - HeckonbKo Tpacc). B
KayecTBe anroputma Ansa KnaccmpuKaumm Mcnonbayetca cTaHaapTHbIN anroputm SOM (self-organized map) n
WHHOBALMOHHbIM NOAXOA HAa OCHOBE MNMYBOKNX HEMPOHHbIX CETAX.
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IPSels

IP | Seismic

File Window Help
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[Tpumep B Eagle Ford (12 TbIC. CKBaXXWH)

Correlation coefficient: 0.672649
Covariance: 41.6653
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3D npumep (Avalon dataset)




3D Sweet Spot analysis
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[1pOrHo3 gaHHbIX KapoTaXa




Variance Cube




ML attribute




3akrnoyeHume

1. Mpepnaraetcs NPOrpaMmmMHbIA KOMMNJIEKC AN1A peLleHna 3a4a4 yboKom nHTepnpeTaumnm
reosioro-reopusnyecknui AaHHbIX Ha OCHOBE

e [NyBOKNX HEMPOHHbIX CETEN

* NHBEPCUOHHbIX MOCTPOEHUN
e Knaccudpumkaumm
e OpPTOroHa/IbHbIX Pa3/10KEeHUN

2. cDYHI-(LI,I/IOHaJ'IbeIe Moayan MmoryT Jierko BCTPOEHbI B J'II-O6YI'O CNCTEMY KaK MNJaarnHbl

3. npOI'paN\MHbIﬁ KOMMNAEKC MOXET NPUMEHATCA KaK AeweBoe aBTOHOMHOE pa6oqee MEeCTO



CtaTtba B GEOPHYSICS,

VOL. 81, NO. 4 (JULY-AUGUST 2016); P. 1-9, 6 FIGS. 10.1190/GEO2015-0297.1

Hybrid combination genetic algorithm and controlled
gradient method to train a neural network

Alexander Kobrunov' and Ivan Priezzhev?

ABSTRACT

Multivariate predictive analysis is a widely used tool in the
petroleum industry in situations in which the deterministic nature
of the relationship between a vaniable that requires prediction and
a vanable that is used for the purposes of such prediction is un-
known or very complex. For example, to perform a sweet-spot
analysis, it is necessary to predict potential oil and gas production
rates on a map, using various geologic and geophysical attribute
maps (porosity, density, seismic attributes, gravity, magnetic, etc.)
and the initial oil and gas production rates of several control or
training wells located in the area of interest. We have developed a
new technology that allows for building a stable nonlinear pre-
dictive operator by using the combination of a neural network,
a genetic algorithm, and a controlled gradient method. The main

idea behind the proposed technology is to combine stochastic and
deterministic approaches during the construction of the predictive
operator at the training stage. The proposed technology avoids
many disadvantages of the genetic algorithm and gradients meth-
ods, such as a high level of dependency on the initial values; the
phenomenon of over-fitting (overtraining), which results in cre-
ation of an operator with unstable predictability: and a low speed
of decreasing error during iteration, and, as a result, a low level of
prediction quality. However, the above-mentioned combination
uses the advantages of both methods and allows for finding a sol-
ution significantly closer to a global minimum for the objective
function, compared to simple gradient methods, such as back
propagation. The combination of these methods together with Ti-
khonov regulanization allows for building stable predictions in
spatial orfand time coordinates.




