[bxed AbporacT 06bACHAET Kak HOBblE TEXHOSIOrMM NO3BOMAKOT MPOBOANUTL HOPMaNU3NUPOBaHHYIO
MHTEeprpeTaumnio CMeLlaHHbIX HABOPOB POCCUNCKUX, KUTANCKNX N 3anafHbIX KapoTaXkHbIX AMarpamMM.

Relating all of the log data to the most modern log, core, seismic and production data using high-speed

resistivity and SP inversion modeling and neural networks.

XoTA cTapble pOCCUNCKUE, KUTANCKUE 1 3anafHble KapoTaXkKHble
KOMMJEKChI PErMCTPUPOBaNy NPEBOCXOAHY0 MHpOpMaLMIO
(Hanpumep, KpuBbIE yaEeNbHOrO CONPOTUBIIEHNA NPUBOPOM C 6ONbLIMM
paanycom nccnefosaHvA), MHTepnpeTaumA KapoTaXHbIX AaHHbIX

Ha OCHOBE POCCUICKMX M 3anafHblX NaneTok Aaxe ANA OnbITHbIX
reo3nKOB-NHTEPNPETaTOPOB NPEACTABMNAET KpaiHe YyTOMUTENbHBIN
1 CNOXHbIN NpoLecc. AT CNOXHOCTH ycyrybnATCcA TeM, YTo
3a4aCTyH0 POCCUICKNE KapOoTaXkHble AaHHbIE HEMOSHbl — OTCYTCTBYET
MHopmauma 06 yaenbHOM ConpoTMBIIEHMN BypOBOro pacTeopa

MM 0 AMameTpe CTBOMAa CKBaXKUHbI. VIHTepnpeTauma Taknx AaHHbIX
MOXET NMPUBECTU K OLIMOKaM, CBA3aHHbBIM C MPOMYCKOM MaJIOMOLLHbIX
NPOAYKTMBHBIX 30H UMK K nepdhopaLmn CKBa>KUH B ManOMOLLHbIX
BOJOHACBILLEHHbIX MHTEepBanax.

[inA onpepeneHnAa xapakTepa 1 BENWYMHbI HACLILLEHWA KOMneKTopa
nnacTosbIM MIOMAOM, @ TakxXe AnA noac4éra sanacos
YrMeBoAopoaoB HeobxoaAMMO pacnonaratb TO4HOM MHopmaumen

06 UCTMHHOM yAENbHOM 3NEKTPUHECKOM conpoTueneHum (Pn) n o
NMOPUCTOCTY NNacTa, XapaKTepuaytoLLencaA BbICOKUM paspeLleHneM.
NHTepnpeTaumA pasHOBPEMEHHbIX KapOTaKHbIX AaHHbIX Pasfn4HOro
NPOVUCXOXKAEHUA (POCCUNCKNX, KUTAUCKMX, 3anaHblX), a Takxe
HEMOSHbIX KapOTabKHbIX AAHHbIX HU3KOrO Ka4ecTBa, C HeAaBHero BpeMeHn
6bina obneryeHa B CBA3N C MOABMNEHVEM ABYX HOBbIX BaXKHbIX TEXHOMOMMIA:

PelueHne obpaTtHoii 3aaaymn (MHBEepCKA) AnA AaHHbIX METOLOB
yAENbHOro 31IEKTPUYECKOrO CONPOTUBEHNA 1 NOTeHUMana
camonpou3sonbHov nonApusaumn (MC) Ha oCHOBe NpYMEHeHWA
6bICprIX BbIHUCTUTESIbHbIX afifOPUTMOB.

lMpVMeHeHMe HEMPOHHbBIX CETEW, YTO MO3BONAET: @) CUHTE3MpPOoBaTb
C BbICOKOW TOYHOCTbBIO KapoTaXkHble KpuBble, AaHHble aHanu3a
KepHa v AaHHble 0 [06bl4e Ha OCHOBE O6LLEeAOCTYMHbIX AaHHbIX; U 6)
peaakTMpoBaTb Nobble JaHHble HU3KOro KayecTsa.

WHBepcua AaHHbIX YAGNLHOIO 3JIEKTPNYECcKoro
conpoTnBnenna

CTporuih maTemMaTnyecKui pacHeT 3/1EKTPUYECKOro MoMA B
cpeae (C y4éTOM ABYMEPHOCTM MOAENMN N HAKIIOHA NNacToB)
KOMMEHCMpYeT HeaeKBaTHOCTb KapOTaXkHOro 30HAA 3a CHET
YNy4LUEHNA BEPTUKANBHOIO pa3peLueHuna n 6onee TOHHOro
onpegeneHua yaenbHoro ConpoTueneHua nnacta (Pn ) B 3oHe,
He3aTPOHYTOW NPOHUKHOBEHUEM chuNbTpaTa NPOMbIBOYHOMN
>XXMAKOCTH, @ TakXe B NpomMbiTon 30He (Pn3 ). iHBepcuA
Nno3BONAET KoppeKTUpoBaTb 3PMEKTbI, CBA3AHHbBIE C:

e OrpaHn4eHuaMK, 06yCcnoBNEHHbIMU FEOMETPUEN 30HAA
(accMmMeTpUYHBIA OTKINK)

e Hey4yéToM AnameTpa CTBOMA CKBaXKUHbI U pa3mblBa CTEHOK
CKBa>KMHbI

e Hey4éTOM yOenLHOro ConpoTUBIIEHNE NMPOMbIBOYHON XUAKOCTH
(k)

* [pOHMKHOBEHMEM B NNacT hunbTpaTa NPoOMbIBOYHON XUAKOCTH

e Hey4éTOM KOHEYHON MOLHOCTY nnacTa n acpdeKTos,
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While older Russian, Chinese and Western log suites recorded excellent
information (for example, the deep investigation of resistivity), working
through the data using Russian and Western chart books is an extremely
tedious and difficult undertaking, even for experienced petrophysicists.
These difficulties are compounded by the fact that many Russian log
suites are incomplete and information such as drilling mud resistivity and
borehole size may not be available. Interpretation of these recorded data
may have resulted in thinner-bedded pay zones being missed or thin-
bedded water-bearing zones being included in well completions.

Accurate, high resolution true formation resistivity (Rt) data and valid
porosity data are required to calculate formation fluid saturation and
to calculate reserves. Interpreting mixed-vintage, incomplete and
poor-quality log data has been facilitated recently by two important
technologies:

1) high-speed inversion modeling of resistivity and SP logs and,

2) neural network applications, which can:

a) generate accurate, verifiable synthetic log, core, and production data
from the commonly available data, and

b) edit all the poor quality data

Resistivity Inversion Modeling

Rigorous mathematical modeling (two dimensional plus dip correction)
compensates for resistivity tool inadequacies by improving the vertical
resolution and by more accurately determining the formation resistivity of
the uninvaded zone (Rt) and the resistivity of the flushed zone (Rxo).

Inversion modeling corrects for:

¢ Limitations in tool electrode configurations (asymmetric response)
e Borehole volume/borehole washouts

e Dirilling fluid resistivity (Rmud)

e Filtrate invasion

e Bed thickness and bed shoulder effects

e Dipping beds with up to 60 degrees of apparent dip to the wellbore

Modeling addresses the most fundamental application of wireline

log analysis — the calculation of formation fluid saturation. Once a
slow and cumbersome process, resistivity inversion is now a practical
and powerful tool with significant economic impact in the areas of
hydrocarbon reserve prediction, reservoir characterization, fracture
stimulation design, production rate prediction, and the identification of
bypassed pay.

Proven Technology Made Practical

Modeling of resistivity logs has been extensively tested and its value has
been well documented in petrophysical publications for more than 20
years, but the technology was proprietary, difficult to use, and required
long processing times (up to 4 hours for a 30 meter interval on expensive
workstations). These applications were confined to research groups in

a few of the major oil companies and, even then, were used sparingly.
Resistivity modeling was simply not a practical solution for large projects
with multi-well applications and not a useable tool for the general
geoscientist.



06yCNOBMEHHbIX HANMYMEM BbICOKOKOHTPACTHbIX FpaHuLy
* Hey4éTom yrna HaknoHa nnacToBs B gvanasoHe Jo 60 rpagycos
KabKyLLIeroca yrna HakrioHa nnacta OTHOCUTENbHO CTBOMA CKBaKUHbI.

WHBepcuA peluaeT dyHOaMeHTanbHy0 3aaqdy UHTepnpeTaumm
KapOTaXHbIX JAaHHbIX — pacyeT HaCbILUEHHOCTM NnacTa nnacToBbIM
chnonaom. Mpouenypa MHBEPCUM JaHHbIX YAESBHOIO 3M1IEKTPUYECKOrO
COMPOTUBNEHUA — B NPOLLIOM rPOMO3AKan W.

Me[neHHaA — B HacToALLee BPeMA CTaa MOLLUHbIM MPaKTUHECKUM
WHCTPYMEHTOM, 0611aAatoLwmm 60MbLLNM IKOHOMUYECKUM MOTEHLMaNom
npv NPOrHO3MPOBaHWN 3anacoB YrNeBOA0POAOB, KONMMYECTBEHHOM
onuncaHuu pesepsyapa, MPOeKTUPOBaHNM r’MapopaspbIBa nnacTa,
NPOrHo3npoBaHnnM 06bEMOB A06bIHN U MASHTUDMKALMK NPONYLLEHHbIX
NPOAYKTUBHBIX MHTEPBANoB pa3pesa.

Tenepb, yoanuTb BAMAHWE TN/TNX ...

Mocne SP-Mod 06paboTku, BoibepUTE TPEHLOBYIO SIMHUIO BAOMb 30H KOMNIEKTOPOB
Haunyuwero KavecTsa. 3atem BLT cozpact kpusyto SPRQ, koTopan
XapakTepuayeT Ka4ecTBO KONneKTopa

MpumereHne SPRQ B MHOrO-CKBaXWHHbIX MPOEKTax

¢ TpOrHo3MpoBaH1e NPOHMLIAEMOCTH
L4 COS.U.aHVIe CUHTETUYECKUX aKyCTU4eCKNX anarpamm
o PefakTMpoBaHie AaHHBIX HA3KOTO KauecTsa

NpoBepeHHan TEXHONOTMA CTana NPaKTUYHON

B TeueHne nocneaHwx 20 neT MoaenmMpoBaHue KapoTadkHbIX Avarpamm
COMPOTUBIIEHVA NOABEPrasioCb BCECTOPOHHEMY TECTUPOBAHUIO, U

€ro LEHHOCTb Hblla HEOMPOBEPXKMMO AOKa3aHa U NoATBEePXKAeHa

B MHOMOYMCIIEHHbIX NeTpotunanyeckmx nybnukaumax. OgHako
TEXHOMNONM MOAENUPOBaHNA bbina 3anaTeHToBaHbI (M MOTOMY

Marno AOCTYMHbI), CIOXHbI B MPUMEHEHUM 1 TpeboBanu 6051bLLOoro
NpPOLECCOPHOro BpeMeHu (40 YeTblpex YacoB Ha 30 MeTpoB

paspe3a Ha Jopormx paboumnx ctaHumAx). Kpyr nonb3oBatenen aTux
TEXHOMNOIN OrpaHNYMBaNCA UCCNEA0BaTENbCKUMM rPynnamMm KpyrHbIX
HedpTAHbIX KOMNaHUKIA, HO AaXe B 3TOW cpefe UX UCMOoNb3oBanu
peako. MogenvpoBaHve yaenbHOro ConpoTUBIIEHMA HbIIO NPOCTO
HeMNpaKTUYHbIM PeLLeHNeM ANA KPYMHbIX MHOrOCKBaXKUHHBIX
NPOEKTOB ¥ HbINO HENPUIOAHO ANA UCMONb30BaHWUA PALOBLIMU
reocneumancTamm.

OpHako NoABNEHWE B NOCNEAHee BPpeMsA BbICOKONPOU3BOANTESbHbIX
nepcoHasHbIX KOMMbIOTEPOB 06YCNOBUIO pa3paboTKy HOBbIX
nporpamHbIX CPEACTB, KOTOpbIE NpeanaraioT Tenepb 370

MOLLHOE CPeacTBO MaTeMaTU4eCcKoro MoOAENMpoBaHWA B BUIe,
npurogHoM ana 3pheKTUBHOMO NPaKTUYECKOrO UCMOMNb30BaHUA
BCeMU reocneupnanuctamu. Bpema 06paboTkm Ha COBPEMEHHOM
nepcoHasibHOM KOMMbIOTEPe COKPaTMIOCh C YacoB A0 OOHOW MUHYTbI
(1 meHee) Ha 30-mMeTpoBbIN UHTEPBA, a camMa 06paboTka UHTEpBaioB
paspe3a MOXeT BeCTUCb 6e3 y4acTua JYenoseka. Bnepsbie ata
TexHOonoruA ctana NpakTn4iHbIM pelleHnemM AnAa Bcex, KTo pa60TaeT
C pa3HOBPEMEHHbBIMM KapoTadKHbIMU AaHHbIMM YOC pasnuyHoro
NMPOVICXOXAEHNA.

Puc. 1. Ha kapoTaxkHbIx anarpamMmax yaesnsHOro ConpoTUBIEHNA
4-meTpoBoro (34) n 0.45-metposoro (F3045) 3oHaoB ([Jopoxkka 2)
OTNINYMNA MeX Ay HehTeHaChILLEHHbIMY Y BOAOHACHILEHHBIMU 30HaMK
He NPOABNAIOTCA N3-3a HANNYMA B pa3pes3e TOHKOW CIOUCTOCTH

1 Hey4éTa BNMAHNA CTBONA CKBaXKMHbI. [lopoxkka 3 nokasbiBaeT
nony4eHHble B pe3ynbTare UHBepcun Kpmsble anuHHoro Rt-Mod

Rt (kpacHas kpuBan) n kopoTtkoro Rt-Mod Rxo (4epHaa kpusas)
30HA0B. [0 pesynbTatam UHBEPCUM ABa BEPXHUX MECHaHNKa YeTKO
NaeHTUPULMPYIOTCA Kak HedpTEHACHILEHHbIE, a ABa HUXHUX
necyaHuKa - Kak BOAOHACbILLEHHbIE.

MHTepnpeTauma kpuson NC (Jopoxka 1, cuHAA KpuBaA) morna
nokasarb (6e3 y4éTa pesynbTaToB MHBEPCUN), HTO ABa BEPXHUX

High speed PC hardware and new software however, now offer this
powerful mathematical modeling in a format that can be used practically
and effectively by all geoscientists. Processing times have been reduced
from hours to less than a minute for a 30 meter interval on a modern PC
and intervals can be run unattended. For the first time this technology
has become a practical solution for anyone working with mixed-vintage
resistivity log data.

Mo cradoad BEF Loy liveorasan of
pr Daia A S
A4 Ri-Mpd™ KE
N_TH L R044 Et-Med™ Bus
=-l P -I-E L |.E
EE==EET e
Lose 3 :
B
7 FIEEEE
: = ===
[FL ] . = T
£ adBes
& EEE
Figure 1

The 4-meter (R4) and the 0.45-meter (R045) resistivity logs (Track 2) are
not distinguishing oil pay zones from water wet zones due to thin bed
and other environmental effects. Track 3 shows the inverted deep curve
Rt-Mod Rt (red) and the inverted shallow curve Rt-Mod Rxo (black).
Inversion modeling clearly identifies the upper two sandstones as oil pay
zones and the lower two sandstones as water wet zones.

The recorded SP (Track 1 in blue) could indicate that the upper two
sandstones are of lower reservoir quality than the lower two sandstones.
However, after inversion modeling identified the upper two sandstones as
the oil pay zones, the lower recorded SP values in the upper two zones are
more likely due to hydrocarbon suppression (R/Rmud environmental effect).

SP Inversion Modeling

The SP log has become a forgotten measurement due to its poor vertical
resolution and the environmental effects of drilling and formation fluid
salinities. Historically the SP has been used as a “relative” indicator

of bed location, permeability, lithology, and shale content. It has been
used semi-quantitatively to estimate formation water resistivity (Rw).
When the Gamma Ray measurement was introduced, it replaced the
SP in geologic correlation displays because the Gamma Ray had much
better vertical resolution. However, the Gamma Ray measurement may
or may not have any relationship to reservoir quality and can be severely
impacted by changes in mineralogy.

Inversion modeling for the SP has only been made available
commercially since 2000. The process is very similar to that described
for resistivity inversion modeling. Required inputs for processing include
the recorded SP curve and a deep resistivity (Rt) curve. The result is
an earth model for the SP, corrected for bed thickness and for the effects
of true formation resistivity (Rt) and the resistivity of the drilling mud
(Rmud). It takes about 10 seconds to process 30 meters of SP log on a
modern PC.

SP Inversion Applications

Modeling removes the effects of bed thickness and the Rt/Rmud factors
yielding a “pseudo-static” SP (SPSSP) at a 0.5 m vertical resolution
(Figure 2) making the SP quantitatively useful to calculate formation
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nec4aHmka nmetoT 6onee HU3KNe KONNeKTOpCKMe CBOWCTBA, Yem
HWXHWe. OHaKo nocre Toro, Kak Nno pesysibTatam MHBEPCUN BEPXHME
nec4yaHuKu 6binv MPOUHTEPNPETTUPOBAHbBI KaK HEDTEHACHILLEHHbIE,
3Ha4nTenbHo 6onee BEPOATHbIM 06bACHEHNEM MOHMXKEHHbIX 3HAYEHUI
MC B MHTepBanax BepXHWUX NECHAHVKOB ABNAETCA BNUAHME Ha
3HayenvA MC Bbicokoro YIC, 06ycrnoBneHHOro NpucyTCTBUMEM B HUX
yrneBoapoaoB (BNnAHWE KoHTpacTa Pn /Prix ).

WHBepcua AanHbIX MeToAa MC

KapoTax no metogy NC B cuny cBoer Masnon BepTUKasibHON
pa3peLLEHHOCTM U BAIMAHUA Ha ero NokasaHuA Takmx hakTopoB, Kak
MUHepanM3aumm NnacToBbiX IOUA0B U MPOMbIBOYHON XUAKOCTH,
6bIn NpenaH 3abBeHunto. VicTopuyecku amnarpammbl [C nenonb3oBanmcb
B Ka4yecTBe “OTHOCUTENBbHOro ” MHAMKaTopa 414 BblAeNneHnA
KOJNIEKTOPOB B pa3pese, OLEHKM MX MPOHMLAEMOCTU, NIUTONON

1 rmuHucTocTW. Ero ncnons3osanu AnA nonyKonnyecTBEHHON
ouerkn YOC nnactosor Bogbl (PnB ). Korga noAsunca kapoTtax
ecTecTBeHHoM ramma akTmBHocTU (K), oH BblITecHWn kapoTtax NC

B 3a4a4ax KoppenAuum, NocKomnbKy obnaaan 3HauMTenbHo bonbLuen
BEepTMKasbHON paspeLéHHOCTbIo. OaHaKo 3MepeHna eCTeCTBEHHON
ramma akTUBHOCTW NOABEPXKEHbI CYLLECTBEHHOMY BIIMAHUIO
MWHepanorum nopoa, U NOTOMy MOTYT HE OTpaXkaTb N3MEHEHNA
KONNEKTOPCKMX CBOWCTB NnacTa.

TexHonormA nHBepcun aanHbix MNC ctana gocTynHon ana
KOMMEPYECKOro MPMMEHEHMA TONbKO Ha4vnHaA ¢ 2000 roga. JToT
NPOLIECC OYEHb MOXOX Ha OMMCaHHYHO BbILLIE MHBEPCUIO AaHHbIX

V3C. Ha Bxoa [0mKHbI NOAaBaTbCA 3aperpucTpmMpoBaHHan Kpueas
C n kpuaa nctuHHoro YOC nnacTa (Pn). PesynbtaTtom nHBepcum
ABnAeTcA kpmeaAa [MC, ounweHHaa oT 3PeKTOB, CBA3AHHbIX C
KOHEYHOW MOLLHOCTBIO MacToB, a Takxke BnvAHmeM YOC nopog (Pn)
1 NPOMbIBOYHOM XXnakoctn (Pnx). Bpema cuéta Ha coBpemMeHHOM
NnepcoHasibHOM KOMMbIOTEPE COCTaBnAeT okono 10 cek npu MHBEpPCUM
[aHHbIX B 30-MeTPOBOM MHTEpBane paspesa.

Mpumenexue UHBepCUMN JanHbIX NG

MHBepcuA ycTpaHAeT BAMAHME MOLLWHOCTU NnacTa U KoHTpacTa
yAenbHbIX COMPOTUBIIEHWI NacTa v NPOMbIBOYHON XuUaKocTu (Pn
/Pnx), B pesynbTare Yero kpmsan NC npeobpasyeTca B kpusyto CI1C
(SPSSP) - “nceBpo-cTaTtnyeckoro” noTeHuMana camMmonpou3BosibHON
nonApu3aumu, obnagatoLLyo BepTUKanbHbIM paspeLueHnemM 0.5m
(Puc. 2). 310 nossonAeT ncnonb3osaTh AaHHble [1C anAa pacyéta YOC
nnacToBoii Boapl (PMB) 1 NPOHMLAEMOCTU NiacTa Npu KaMbpoBKe
obpaLléHHbIX AaHHbIX MNC No gaHHbIM PaKTUYECKNX U3MEPEHNI
NPOHMLIAEMOCTH.

Pwuc.2. HBepcnA paHHbIx [1C no3BonAeT nony4uTb KpUBYLO “ncesao-
cratnyeckoro” IC (B 3Tom npumepe oHa 060o3HayeHa Yepe3 SPSSP
1 nokasaHa KpacHbIM LBeToM Ha [lopoxke 1). 3aperucTpuposaHHas
kpuBaa NC nokasaHa cuHUM LiBeToM Ha Jopoxke 1. icTuHHOEe

Y3C nopoga (3enéHan kpneaaA Ha [lopoxke 2) ncnonb3yeTcA Ana
yCTpaHeHua BNnAHMA koHTpacTa (Pn /Pnx). Ecnu Y3OC nnacTtoson
BozAbl (PnB) ocTaéTcA NOCTOAHHBIM B HEKOTOPOM MHTEpBale paspesa,
TO OAMHaKOBble 3HaYeHus “ncesao-crtatudeckoro” MNC 6yayt
COOTBETCTBOBATb OAHOM W TOMN Xe NPOHULAEMOCTH, HE3aBUCUMO OT
MOLLHOCTH nfacTa.

M3meHeHna YOC npombiBo4HON xuakocTv (- ) nnactoBoi Bogbl
(PnB ) OT CKBaXXMHbI K CKBa>XMHE 3aTPYAHAIOT UCMOMb30BaHne
AaHHbIX MNC anA KonnyecTBeHHOW MHTepnpeTaunn. Hopmanusauva
OaHHbIX “nceBpo-ctatuydeckoro” MNMC (SPSSP) nossonAeT yyecTb

3TN U3MEHEHMWA 1 Nony4nTb KpuByto [C-kavecTBa konnekTopa
(SPRQ), koTOpas MOXET UCMoNb30BaTbCA A1 KONIMYECTBEHHO
MHTepnpeTaLmm KapoTaXKHbIX AaHHbIX B MHOTOCKBaXKMHHbIX NMPOeKTax
(Puc. 3). ®aktuyeckn kpnsaa SPRQ npeacrtasanAeT onpenenéHHyto
no aaHHbIM MC KpWBYIO MMHUCTOCTU. B OTNM4YMe OT MMUHMUCTOCTH,
onpenenénHoii no K, MNC-rmuHNCTOCTb HE NOABEPXXEHA BIMAHNIO
MWHepanorum nopog. B cBA3n ¢ 3TM oHa MoxeT 6bITb MCNONb3oBaHa
[ANA KONMYECTBEHHOTO NPOrHo3a NPOHNLIAEMOCTM NOPOL, ANA PasHbIX
MHTEepBasioB paspesa n ANA pa3HbiX CKBaXKUH NpW YCNOBUM, YTO
MMEIOTCA JaHHble (haKTUHECKMX 3aMepoB NPOHULIAEMOCTH, N0
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water resistivity (Rw) and to predict permeability when calibrated against
measured permeability data.
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Figure 2

SP inversion modeling will produce a ‘pseudo-static” SP curve (in this
example it is called SPSSP and is the red curve in Track 1). The recorded
SP is the blue curve in Track 1. The deep resistivity curve (green curve in
Track 2) is used to correct Rt/Rmud. If Rw is constant over the interval,
zones with the same values for SPSSP will have the same permeability
regardless of bed thickness.

Changes in drilling fluid resistivity (Rmf) and formation water resistivity (Rw)
have made it difficult to use the SP measurement quantitatively from well to
well. Normalization of the SPSSP measurement can accommodate these
differences and produce an SP Rock Quality (SPRQ) curve that can be
used quantitatively from well to well (Figure 3). The SPRQ curve is simply a
Vshale curve from the SP. Unlike Vshale curves derived from the Gamma
Ray measurement, the Vshale curve derived from the SP measurement

is not affected by changes in mineralogy. For this reason it can be used
quantitatively to predict permeability from zone to zone and from well to well
provided that some measured permeability data is available for calibration.
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Figure 3
The blue curve is the SP-Mod-processed SP curve (in this example the
pseudo-static SP is called the SPBLT). It has been baseline shifted to



KOTOPbIM MOXXeT 6bITb npounseeneHa KaJ'IM6pOBKa baHHbix MC.

Puc. 3. CuHAa kpuBanA npeactaenAeT cobon kpusyto IMC,
obpaboTaHHyto no TexHonornn SP-Mod (B 3ToM npumepe KpvBas
“nceBao-cTaTMyeckoro” noteHumana HasoisaetcA SPBLT). Ota kpusaa
HOpMann3oBa Ha K e4MHOW JIMHAN [MWH, Tak Y4TO B MHTepBanax MuH
kpvBan NC npuBeneHa K HyNeBOMY 3Ha4YeHuIo (3enéHan Kpuean).
3ameTbTe, 4TO B BEPXHEN 4acTu pa3pesa MMeeTcA BOAOHOCHbIV MNacT,
HacCbILLEHHbIV NPECHON MNacToBOW BOAOW.

MocTpoeHue NMHUM TPeHAA MO MHTepBaNam YMCTbIX NeCYaHNKOB

(4TO haKTMHECKM 03HAYAET, YTO NNACTbl C OANHAKOBBIM Ka4eCTBOM
konnekTopa byoyT oxapakTepv3oBaHbl OAUHAKOBbLIMU 3HAYEHUAMM
HopmanmaoBaHHOMN Kpusoii MNC)no3sonAeT nony4nts Kpusyto M1C-
kadecTBa konnektopa (SPRQ) (mokasaHHyto Ha [lopoxke 2). OTa
KpVBaA ecTb HUYTO MHOE, KaK KpuBaA MMUHUCTOCTK, MOyYeHHanA Mo
nAaHHbIM [C, KoTopaA He YyBCTBUTENbHA K U3MEHEHWIO MUHEPAIOrUK.
OHa npeAcTaBnAeT UEHHOCTb A1A NPorHo3a NpoHNLIaeMocTm ¢
BEpTUKaSIbHOW pa3peLéHHOCTbIO 1-2 dhyTa npum ycrnoBum, YTO UMetoTCA
[aHHble (haKTUYECKMX 3aMEPOB NMPOHULIAEMOCTM, MO KOTOPbIM MOXEeT
6bITb Npon3BeaeHa kannbposka AaHHbIx IMC.

Kpueasa SPBLT Tak>ke MOXeT 6bITb UCNONb30BaHa ANA pacyéTa
N3MeHeHWnA BAOMb CTBOMA CKBaXKUHbI YOC nnactoBow Boapl (PnB),
BKJIIOYaA faxe HegpTeHachIWeHHbIe UHTEepBasibl, B KOTOPbIX He
yoaétcAa oTobpaTb Npobbl N1acToBon BoAbI.

TexHonorna HeMPOHHbIX ceTe

HelpoHHble ceTu npeacTaBnAlT cobomn 3hheKTUBHbIA MEXaHU3M
06paboTk1 AaHHBIX A1A NMPOrHO3MPOBAHWA PE3YNbTATOB Pa3HOro
poAaa, OCHOBaHHBIN Ha pacno3HaBaHum 06pa3oB. ATy TEXHOMNOTMIO
1Cnonb3oBanu Af1A NPOrHO3MPOBaHUA NPaKTUYECKW BCEro Ha CBeTe,
HO B MocneaHue roabl oHa 6bina ycnewHo NpUMeHeHa AnA peLeHna
HEKOTOPbIX M3 Hanbornee CNOXHBIX MHXKEHEPHBIX 3a4a4, a Takxe AnA
neTpohn3nM4ecKoro onncaHnA nNnacTa B HedpTerazoBom OTpacnu.

Ten: 281-351-2749

dac: 281-351-4658
Becnnatusii; B00-578-T436
E-mail; sales@pigsunlimited.com

make all of the shales read zero (green line). Note that there is a fresh
water aquifer in the upper section. Using a trend line method on the clean
sandstones (setting sandstones of equal reservoir quality to a constant
value), a curve representing SP Rock Quality (SPQR) is generated (shown
inTrack 2). The SPRQ is a Vshale curve from the SP that is not affected by
mineralogy changes. It can be a valuable curve in predicting permeability
at a 1-2 foot bed resolution provided that some measured permeability data
is available for calibration. You can also use the SPBLT curve to calculate
changing Rw in a wellbore, even in hydrocarbon-bearing zones which do not
produce measurable water samples.

Neural Network Technology

Neural networks represent effective data processing mechanisms for
predicting outcomes based upon pattern recognition. The technology has
been used to predict almost everything, but in recent years it has been
applied successfully in solving some of the most difficult engineering and
formation evaluation problems in the oil and gas industry.
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Figure 4
Neural networks can generate accurate, verifiable synthetic data from
commonly available data.

Oenana mup 4nwe. ..

OauH Tpybonposoga 3a pas.

NpwWiRawanTeA
ancTpHbLTODE

www.pigsuniimited.com




Puc. 4. HelipoHHbIE CeTn MOTyT reHepupoBaTh TOYHbIE,
noaTeBepXAaeMble CUHTETUYECKNE AaHHbIE HA OCHOBE
Mcnonb3oBaHna 06ueaocTynHon nidopmauun. Mpu npasunbHOM
MCMOSb30BaHUN B MPUNOXKEHNAX, OCHALEHHbBIX MHTepdencom,
no3BoNALWEM Nosly4aTb HEeMeAIeHHY0 06paTHYIo CBA3b

npun o6y4eHUn n NOATBEPXAEHUN, HENPOHHbIE CETU MOTYT
reHepmpoBaTth TOYHbIE, NOATBEPXAaeMble CUHTEeTU4EeCcKne
KapoTaXHble KpuBbIe, a TaKXe KPUBbIe KEPHOBbLIX AaHHbIX

B CKBaXXWHax, rae ata nHgopmMauumn Ha camom aene He
peructpmposanach (Hanpumep, KpuBble KapoTaxa B OTKPbITOM
CTBOME MO KapoTaXKHbIM KPUBbIM, NOMYyYEeHHbIM B 06CaXX€HHOM
CTBOME, KPUBbIE aKyCTUYECKOro KapoTaxka Ha NpoAosbHbIX 1
nonepeyYHbIX BONHaxX, KpuBble KapoTaxa nopuctoctu, AMP-
KapoTaxa, a Tak>XXe AaHHble MPOHULIAEeMOCTN MO KEPHY).

MpeumywecTea HEMPOHHON CETH

HelipoHHble ceTn obnafaloT 3Ha4YMTeNnbHbIMU NpenmMyLecTsamm
nepes TPaAVWUMOHHBIMA AETEPMUHUCTCKUMKU MeTodamu. Um He
TpebyeTcA To4YHaA MaTemMaTMyeckaa MOAesNb, OnucbiBaemMan
ypaBHEHWAMMU, Bblpaxamlmnmy 3aBUCUMOCTb MeXAy
ncnonb3yembiMU A1A MPOrHO3a U LeneBbiMU 3HAYEHNAMM.
Kpome TOro, B 0TnMyne ot MeToA0B JINHENHOWN perpeccun,
MeTOAbl HEMPOHHbIX CeTel He CrnaXkmBatT AaHHble BCNeACTBME
OCpEeHEeHNA U NO3TOMY COXPaHAIT N3MEHYMBOCTb UCXOAHbIX
AaHHblX. OfHO U3 caMbIX BaXHbIX UX NPENMYLLECTB COCTOUT B
TOM, YTO MUX NPOrHO3bl MOTYT 6bITb NPOBEPEHbI U MOATBEPXKAEHbI
nyTem o6paTHOro NPOrHO3UPOBaHWA UCXOAHBIX AaHHbIX.

When used appropriately in applications with an interface that
allows instantaneous feedback in the training and confirmation
process, neural networks can generate accurate, verifiable
synthetic logs and core properties in wells in which these
measurements were not recorded (for example, open hole logs
from cased hole data, compressional and shear wave sonic logs,
porosity logs, NMR logs, and core permeability).

Neural Network Advantages

Neural networks offer significant advantages over traditional
deterministic methods. They do not require a precise mathematical
model equation that describes the dependency between the
predictor values and the target values and, unlike linear regression
techniques, neural network methods do not over-predict mean
values and thereby preserve original data variability. One of

their most important advantages is that their predictions can be
validated and confirmed through back-prediction of the input data.
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