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1. BBepeHue

IP_Prediction3D [lporHo3 c wucnonb3oBaHueMm mnarnHa IP_Seismic (Bepcus:
2019.1.0.0, gaTa Bbinycka: Hos6pb 2019) MOXeT BbINOJHATLCA AJ19 NpOorHo3a atpmnbyTa
rnoTeHumana rnpoAyKTUBHOCTU 3anexen no Habopy cencMnmyecknx Ky6oB M 3adaHHbIX
aTpubyToB Touek A06bluM HeEDTU U rasa.

CyliecTByeT ABa OCHOBHbIX 3Tana BbINOJHEHWNS MPOrHo3a:

Craauns obyuyeHns — obyunTb HEMPOHHYIO CETb, NCNOJIb3YS HAabopbl Nap — @ UMEHHO,
Habop TouYek Co 3HavYeHusMM aTpnbyTa NPOrHO3UPYEMbIX 3aneXen, a TakXKe 3HaUYeHUNn
aTpnbyTtoB Kyb60oB B 06/1aCTM BOKpPYr MPOCTPAHCTBEHHOrO MOJIOXKEHMS Tovek A06biun
HedpTM M rasa. Ha ston ctaaum BCe KOIDPDUUMEHTbI B HEWPOHHOM ceTu 6yayT
yCTaHaBAMBATbCA C LeNblo MUHMMM3aumn 06beKTMBHOW DYHKUNN.

CTanus BbIYUCEHWUI — BbIMNOJIHEHNE BbIYMCIEHMI 3HAYEHM MPOrHO3HOro aTpnbyTa
ANs Kaxaoro uaMepeHus (camnsna) B BUpTyasibHOM Kybe, OCHOBAHHOIO Ha reoMeTpumn

poanTenbckoro Kyba.
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2. Craprt

Procedures -> Seismic Attributes-> Machine Learning cube prediction
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3. BxoaHble napamMeTpbl

|P Seismic Machine Learning = O e
Machine Leaming Seismic Cubes prediction
i Train data Well Low frequency model Graphics
Mullti wells nptim:a'-e result all wells togethér l Algorithm f-[jnear regression v
Seismiccube | _H |g@ Cube_3800 segy
Regression parameters
Max lag inlines: |0 o Tikhonov alpha E'
Max lag lines: |0 ~
Max lag samples: | 10 ~
Save operator
Open operator and calculate
Use Surface Use Constant shift +up/down  LFM option |With LFM 9
Top | = ||null | TJo ||D
j = PCAoption [ ] Remove % |05
Bottom |~ |/nul | O-100000 |0 ©
Calculate results Comelation analysis Cancel

Puc. 1 3aknagka Bbl6opa Crivcka BXOAHbIX CEHCMUYECKUX Ky60OB U 3aaHnsi OCHOBHbIX

rnapamMeTpoB riporHo3a A5 mogyssi IP_Prediction3D

Heob6xoanMo onpeaenuTb cneaylowmne napamMmeTpbl:

Multi wells option:

One result all wells together

One result all wells together
Separate resultfor every well
Average, standard, P10, P50, P90
Average with weights according distance

One result for all wells together - - ons Bcex CKBa)XWH TOJIbKO 0AMH pe3ybTaT-6e3
rMnepeKkpecTHoOW Banmaauum.

Separate result for every well - ons Kaxaon CKBaXXUHbl BbIYNCISETCS CBOWN
MPOrHO3HbIN BUPTYyanbHbIA Ky6 — 3TOT peXuM TONbKO A/ ONpeaesieHns Xopowmnx ans
MPOrHO3a CKBaXMWH.

Average, standard, P10, P50, P90 - sbluncnsaetca cpeaHee, ctaHaapTHoe, P10, P50, P90
Average with weights according to the distance to wells — sbluncnseTca cpegHee ¢ Becamu B
COOTBETCTBMU C OTAE/bHbIM MPOrHO30M OT KaXA0M CKBaXKMHbI M C UCMO/b30BaHMEM 06paTHbIX BECOB MO
PaCCTOAHMIO 10 CKBAXMH.
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Anroputm

| Algorithm |

Regression p3 NN regression
Tikhond

aQression

Kohonen NN regression

M regression

Linear regression

With parameters:

Tikhonov alpha: >0 and <100 koadduumeHT perynsipnsaunm TMXoHOBa -
rno3sonseT nlbexartb ahdekTa nepeodbydeHus. Ecnun alpha=0, B aToM cnyuae
Mbl MOXEM MOYYUTb OYEHb XOPOLY annpokcnumauuno obyydatowero Habopa
ONs MPOrHO3MPOBaHMS, HO MPOrHO3 MOXET MMETb HMU3KYIO CTeNeHb TOYHOCTH, a
pe3ysbTaTbl MOryT 6bITb O4YEHb pa3HbIMK ANA KaXA0W peannsauun. Ecnu
alpha > 0, Toraa koadduumMeHT Koppensaunm MoxeT bblITb OTHOCUTENTBHO
ManeHbKUM, HO NPOrHo3 6yaet 6onee cTabunbHbIN C BbICOKOWM
nosTopseMocTbio. Ecnu alpha=0, Toraa KoadpdunumneHT Koppensaumm MoxeT
6bITb 611M30K K 1 1 6onblue, HO NPOrHo3 6yaeT HaMHOro HecTtabunbHee (He
NOBTOPSAEMbIM A5 pa3HbIX peanusauuin). [na npoBepkn CTabmnbHOCTU U
MOBTOPSEMOCTU MPOrHO3a Mbl UCMOMb3YEM KOHTPOb KayecTea ¢ “blend well”
test.

Kohonen NN regresion

Neural

With parameters:

Nearest neighbor number no3sonsger onpeaennTb KOAMYECTBO MOXOXMX
KYCKOB Tpacc K TeKYLlel Ana onpeaeneHunst NporHo3HOro 3HavyeHus. Alroputm
paboTaeT Ha nNpuHumne nogobus dopmbl Tpacchl.

network regression

Aigorithm: | NTEREERT] <]

Neural network learn parameters

Tikhonov alpha:

lterations: |500

Hidden neurons:

Learning algorithm: |Genetic -

Population size: |7

Selection size: |3

Tikhonov alpha: >0 and <100 koadduuneHT perynspusaumm TUXOHOBa -
rnossonsert nlbexartb adpdekTa nepeodbydeHus. Ecnun alpha=0, B aToM cnyuae
Mbl MOXEM MOSYYUTb OYEHb XOPOLUYIO annpokcmMmauunio obyyatowero Habopa
ONsl MPOrHO3UMPOBaHMS, HO MPOrHO3 MOXET MMETb HMU3KYH CTeneHb TOYHOCTH, a
pe3ynbTaTbl MOryT ObiTb OUYEHb pasHbIMU AJ1 KaXKA0W peanusaunun. Ecnm
alpha > 0, Toraa KoaddunumneHT Koppensaummn MoxXeT 6blTb OTHOCUTENbHO
MasieHbKUM, HO MporHo3 6yaet 6onee CcTabunbHbIN C BbICOKOM
nosTopsieMocTbtlo. Ecnn alpha=0, Toraa koadgdunumeHT Koppensumm MoxXeT
6bITb 630K K 1 1 6onblue, HO NPOrHo3 6yaeT HaMHOro HectabunbHee (He
NOBTOPSAEMbIM A1 pa3HbIX peanusaumin). [na npoBepkn CTabmnbHOCTU U
MOBTOPSIEMOCTU MPOrHO3a Mbl UCMOJSIb3YEM KOHTPOsb KayecTBa ¢ “blend well”
test.
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Iteration: 3apaeT MakcMMasnbHOE KOMMYECTBO nTepaumn npn obydyeHums
HENPOHHbIX CETEN.

Hidden layers neurons: no3BonseT onpeaennTb KOJIMYECTBO Y3/10B B
CKpbITbIX C/I0AX AN onpeneneHnst HEMpPOHHOM ceTu. Ecnm HyXHO onpeaennTb
HECKOJIbKO CKPbITbIX C/I0€B, TO HYXKHO 3aZaTb HECKOJIbKO UMdp, pa3aesieHHble
3ansaTon, HanpuMep: 10, 5, 3 o3HayvaeT 10 HelMpOHOB B NMEepPBOM CKPbITOM CJ0€,
5 BO BTOPOM, U 4 B TPETbEM.

Learning algorithm:

Genetic - ncnonb3oBatb reHeTUYECKMA anropuTM ans obydeHus

Gradient — ncnonb3oBaTb FPAANEHTHbLIA anropuTM

Hybrid — ncnonb3oBatb KOMBMHaLKMIO FrEHETUYECKOrO aAropnTMa u
rpagMeHTHOro anropmuTMma.

Population size - pazmep nonynsaunm Aas reHeTMYEeCKoro anropmTma
Selection size — pa3smep BbIOOPKK AJ11 TEHETUYECKOro asiropmtMa

TNN regression
Algorithm: ~

TNeural network learn parameters
Tikhonov alpha: |05

lterations: |500

Hidden neurons: |3

Learning algorithm: |Genetic

Population size: |10

Selection size: |&

Size TFunction: |10

Tikhonov alpha: >0 and <100 ko3dduuMeHT perynspusaunm TUXOHOBA -
rno3sonseTt nlbexartb adpdekTa nepeodbydeHus. Ecnun alpha=0, B aToM cnyuae
Mbl MOXEM MOJYYUTb OYeHb XOPOLUYHO annpokcMMaunto obydatowero Habopa
ANS NPOrHO3MPOBaHMS, HO MPOrHO3 MOXET UMETb HU3KYH CTerneHb TOYHOCTH, a
pe3ysibTaTbl MOryT 6bITb O4YEeHb pa3HbIMK ANA KaXA0W peanun3auun. Ecnu
alpha > 0, Toraa KoadduUNEHT Koppensaumn MoXeT 6biTb OTHOCUTENBHO
ManieHbKUM, HO NMporHo3 byaet 6onee cTabunbHbIN C BbICOKOWM
noeTopsieMocTbtlo. Ecnn alpha=0, Toraa koaddnUMEHT KOppensunMm MOXeT
6bITb 630K K 1 1 6oNnblUe, HO NPOrHo3 6yaeT HaMHOro HectabunbHee (He
NOBTOPSAEMbIM A5 pa3HbIX peannsaumin). ns npoBepkn CTabmnbHOCTM U
MOBTOPSIEMOCTU MPOrHO3a Mbl UCMONIb3YEM KOHTPOJIb KadecTBa ¢ “blend well”
test.

Iteration: 3apaeT MakcMMasnbHoOe KONMYECTBO ntepaumin npn obyyeHuns
HEMPOHHbIX CeTeM.

Hidden layers neurons: no3sonset onpeaennmTb KOIMYECTBO Y3/10B B
CKpPbITbIX C/I0X ANs onpeaeneHnst HEMPOHHOM ceTu. Ecnu HyXHO onpeaennTb
HECKOJIbKO CKPbITbIX CNI0EB, TO HYXXHO 3aZaTb HECKObKO UMdp, pa3aesieHHble
3ansaTon, Hanpumep: 10, 5, 3 o3HavaeT 10 HEeMpPOHOB B MEPBOM CKPbITOM C/l0€,
5 BO BTOPOM, 1 4 B TPETbEM.

Learning algorithm:

Hybrid — ncnonb3oBatb rmbpuaHyt0 KOMBMHaLUKNIO CTOXaCTMYECKOro anropnutMa
W rpaAneHTHOro asaropuTMa.

Population size - pazmep nonynsaunm s reHeTM4ecKoro anropmTma
Selection size - pa3zmep BbIGOPKKM AN rEHETUYECKOro anropnutma
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Size TFunction - napameTp gnsa ceteit KonmMoroposa Ans 3a4aHus ANUHbI
TabnnyHon pyHkumm >=3 n <=100

Seismic cubes: no3sonseTr fobaBuTb MM ybpaTb HECKOILKO Ky60B M3 cnucka,
KOTOpbIN 6yaeT Mcnonb3oBaTbCa A5 BbIYNCIEHUNA.

Radius inlines, Radius xlines, Radius samples: no3BonsieT onpeaenuntb pa3Mep
CKOJ1b3SLLEro OKHa BOKPYr TOYEK U3MepeHNs CKBaXWH Ha cTagmu obydeHus, a Takxe
BOKPYI TOYKM Ha CEMCMUYECKol Tpacce (sample) Ha ctaguu BbIMOSIHEHUS
BbIYNCNEHWIA.

LFM option: onpepenser aAroputM BblUMCAEHUSA HU3KOYACTOTHON MOAENN:

LFM option mm

(Without LFM

[OnlyLFM__ |

Without LFM - HM3Ko4YacToTHaa MOAEsb HE UCMOMb3YETCS.

With LFM - Hu3ko4acToTHas mogenb 6yaeTt BblUMCAATbCS Ha OCHOBE 3aAaHHbIX
noeepxHocTten B Top 1 Bottom n (ecnn nosepxHocTten 6onbwe yem 2) B8 LFM
surfaces Tab

Only LFM — no3BonsieT BbIYNCNATb TOJIbKO HU3KOYACTOTHYH MOAENb HA OCHOBE
3a4aHHbIX MOBEPXHOCTEN N CKBA>XUHHbIX AaHHbIX.

MporHo3 6yaeT orpaHnyeH Top 1 Bottom
Top NOBEPXHOCTb MM KOHCTaHTa constant, c 3agaHHbiM casurom shifts
Bottom nosepxHOCTb UM KOHCTaHTa constant, c 3agaHHbIM caBurom shifts

Ons Bblbopa aTpmbyTtoB well log Heo6xoanMo ncnonb3oBaTh BTOPYO 3akiaaky/second
tab ( Puc 3).
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IP Prediction3D >
Machine Learning Seismic Cubes prediction
Inputdata Training data Well |FM surfaces Graphics
Wells Common logs
* W1 E""N
ws ~[JARESULT
X W3 DSEIS
L] Time
+  Run Correlation analysis ¥ Cancel

Puc 2: [nanor 3aAaHns CKBaXXuH M KPUBbLIX AJ1S MPOrHo3a (MOXHO 334aBaTb TOJIbKO

OA4HY KPUBYIO).

0N 3agaHns NoBEpPXHOCTEN AN HU3KOYACTOTHOM MOAeNn ecnim NoBepxHOCTeEN
6onblwe yem aBe 3agatotca B LFM surfaces Tab (puc 3). MNpu 3aganun
MOBEPXHOCTEN - OHM aBTOMATUUYECKM COPTMPYETCS No rnybuHe.
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IP Prediction3D s
Machine Learning Seismic Cubes prediction

Inputdata Training data Well LFMsurfaces Graphics

Surfaces list *

or folder

Mid_surfl

Mid_surf2

Bot

Correlation analysis ‘ |K Cancel |

Figure 3: [Auanor 3anaHus I'IOBerHOCTeﬁ ONA  HM3KOYaCTOTHOW MoAenn ecnmu

noBepxHocTen 6onblle YeMm ABe (aBTOMATUYECKMU COPTUPYETCS No rnybuHe).

YT10o6bl cCaenaTb KOPPEnsUMOHHbIA aHann3 , HeobXxoAMMO YCTAaHOBUTb KYpCOp M HaxaTb
Ha “Correlation Analysis”. 10 OKOHYaHWUIO BbIYNCNEHUSA NOSABUTCS Tabnunua - PucyHok 4
CO 3HAYeHUSMW KpPOCC-KOppensauumm W C rAaBHbIMWM KOMMOHEeHTaMu (cMmelleHune
Tabnuubl BNpaBo). Tabnuua moxeT 6bITb OTCOPTUPOBaHA A5 KaXXA0M KONOHKKM (Ha)kaTb
KYpCop Ha WMS KONOHKM). [lBOMHOE HaxaTune - CcopTupoBKa OT 60nbWOro K

ManeHbKOMY.

Page 11 of 18
IPLAB LLC Private — Customer Use



1 TP Comwistindrapn: o

m

e EamPl  Tewfld  CEmPlW  Clnfild  CumfL  CEsfUN CdnfiET] EesfR7 CanfIY  Cdmfld]  Cespidy

. ! | T TR 5 L At

O R T

L T TR T LT i aiaa | L L
OawALY  ADEETR ul
UL Se—“
OobafDW BRI
[T
ke

Puc 4: Tabnuya co 3Ha4YeHNSIMU KPOCC-Koppeniaynun u C r’;iaBHbIMM KOMIMOHEHTAMU
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4, BbiuncneHumn

Y106kl HaYaTb BbluMCAEeHNE, HEOH6X0AMMO Ha)xaTb KHoMky “Calculate result” (Ha ctagum
06yueHuns owmnbKn n KpmBbie Koppensaunm 6yayT BbIUMCNATLCS B okHe Graphics (cMoTpu
Puc. 5).

Ecnu Cross validation =0, To Tonbko ABe KpuBbie 6yayT BbluMCAATbLCA, @ ecnn Cross
validation >0, To 6yayT oTto6paxaTbCs 4YeTbipe KpUBblE CO 3HAaYeHMeM OWnbkun wu
KoppensiuMm B COOTBETCTBMM C cross validation set of points (cmotpu Puc. 6).
Ovcnepcna KpUBbIX KOHTPOSS KayeCTBa BOKPYr OCHOBHbIX KPUMBbLIX MMO3BOASET
yCTaHOBUTb NpeacKasyeMoCcTb onepartopa.

nporHosa 6yayT

Ecnv npumenntse Number realization >3, TO pe3ynbTaTbl

BbIUMCNATLCA HECKOIbKO pa3 B COOTBETCTBUM C yKasaHHbIM YuciioM (cMoTpu Puc. 7).

|P Prediction3D x
Machine Learning Seismic Cubes prediction

Inputdata Train data Well Graphics

Calculate results

Iterations

Correlation analysis

—— Eror —— Caorrelation
0.99
434,52 0.79
_ 35479 MM S 059 ¢
275.06 - 040 5
/ L
195.32 N 0.20
"‘-\ﬂ\_‘__— .
115.58 : : — . 0.00
0 100 200 300 400 500

Cancel

Figure 5: OKHO BbIXOAHOIO rpaguka c oLmnbKOH 1 KOPPENILMNEH BO BPEMS POBEAEHUS

obyyarwmnx ntepaymni. (Koam4ecTBo peanaunsaumit =1 n kpocc Baavgaums =0)
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o DeeplN - o s
p

Deep Neural Network
input data  Train data Well  Graphics

= Error = EnrorQC —— Correlation — CorrelaionQC

184 44 099
151.18 [ 079
, 1179214 059 &
=
“ 8466 040 §
51.40 l 0.20
18.14 . : : : +0.00
0 60 120 180 240 300
lteratons

Leaming ders=0 Seconds=138.7 Emor= 47.92 EmorQC=4233 ker_WC=1 Cor1/QC=0868/062

Caicuateesuts | I  Coreistion analysis | Cancel

Puc. 6: OKHO 8bIXOOHO020 2pAGhUKA C OWUBKOU U 3HaYEeHUAMU Koppenayuu 018 Ucnoss3zyemMoix Habopos

KOHMpoAs Kayecmea Ha cmaduu obyyarouwjux umepayuli ( Konuyecmeo umepayuli =1 u kpocc sanudayus

=10)
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Deep Neural Network
input data  Train data Well  Graphics

= Error —— Correlation

0.99
41.87- =1 0.79
. 3646 059 &
E g
= 31.054 040 §
' ————
20.24 ; ; ; , 1000
0 60 120 180 240 300
lterations
Leaming ters=0 Seconds=17.0 Emor= 20.24 ErorQC= e wncno ter WC=0 Com1/QC=0.87/0.00 A

Leaming ters=1 Seconds=175 Emor= 22.89 EmorQC= pe wicno ter WC=0 Com1/QC=083/0.00

W
Caicuateesuts | I  Coreistion analysis | Cancel

Puc. 7: OKHO 8bIXOOHO20 epagpuka ¢ owubkol u Koppensauyueli 80 s8pemMs nposedeHUs 0by4yaroujux

umepauul. (konuyecmeso peanusayuli =3 and kpocc eanudayua =0)
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5. Pe3ynbTaTthbl

MporHo3mpyembie Kybbl 6yayT aobasneHbl Kak BMpTyasibHble Kybbl B COOTBETCTBMUN C
Multi wells option

One result for all wells together - nns Bcex ckBaxuH 6yaeT TONbKO OAWH
MPOrHO3HbIN Ky6

Separate result for every well - nns KaXxao CKBaXXuHbl 6yaeT OTAEeNHbIN
MPOrHO3HbIN Ky6

Average, standard, P10, P50, P90 nns Bcex cKkBaXXvH 6yayT BblUMC/EHBI
HECKOJ1IbKO Ky60B — cpeaHU NpOrHo3, ctaHAapTHoEe OTK/AoHeHue, 110, M50, M90 Ha

OCHOBE OTAEJIbHbIX MPOrHO30B MO CKBaXXMHaM C UMEHaMM
ML_<Algorithm>_Avr, ML_<Algorithm>_Std, ML_ <Algorithm>_P10,
ML_<Algorithm>_P50, ML_<Algorithm>_P90

Average with weights according to the distance to wells - BbluncnuTb cpegHee
B3BELLIMBaAHNE MO NPOrHO3y OoT Ka)K,EI,017I CKBa>XWHbl N C NCNOJ1Ib30BaHNEM 06paTHbIX

BECOB C COOTBETCTBUM C PacCTOSAHUAMU A0 CKBAXWH. [Na NonyvyeHns pesynbTaToB HeT
Heo6X0ANMOCTN NPUMEHSATb OTAEbHYIO NMPoLEeAYpY CONOCTABNEHUSA CKBAXWH.
PesynbTat - 3TO ABa BUpPTyasnbHbiX Kyba c uMeHamn ML_<Algorithm>_Avr,
ML_<Algorithm>_Std
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IP GraphClass
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Figure 8: Well logs predicted and measured
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Figure 9: Virtual cube result
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