Improving the efficiency of the Bazhenov

geological models

IHoBbilneHME 3(PPEKTUBHOCTH I€0JTOrMYEeCKOro
MOJCJTUPOBAHUSA CTPOCHUS OTJIOKEHUM
02’KeHOBCKOH CBHUTHI

Varvara Nemova
Bapsapa HemoBa




NOTE
This presentation created on the basis of research experience on different fields of the
Bazhenov formation.
The main purpose — to show various methods, allowing to get maximum information about the
formation's structure.
The examples of Bazhenov structure and properties are taken from the different fields, which
names aren't specified. These results can contradict each other, thanks to high lithology
heterogeneity of this thickness.
To use of the results, shown 1n examples, as a basis for interpretation of seismic exploration
data on other o1l fields of Bazhenov formation, isn't right methodically.

BAXHO
JlaHHas mpe3eHTalMs CO3IaHa Ha OCHOBE OIMbITA UCCIIENOBAHUH Pa3IMYHbBIX MECTOPOXKIEHUT
0a’keHOBCKOI CBUTHI.
Llenp — mokazaTh pa3inyHbIe METONHYECKHUE MOAXObI, MO3BOJISIIOIINE U3BJI€Yb MAKCUMATIbHOE
KOJIMYECTBO MHGOPMALIUK O CTPOSHUH TOJIIH.
KoHkpeTHbIe npuMeEpbI CTPOSHUST M CBOMCTB OTVIOKEHUM 0a’K€HOBCKOM CBUTBI B3SIThI C PA3HBIX
MECTOPOKICHHH, HAa3BAHUS KOTOPBIX HAMEPEHHO HE YKA3aHbl. JTH PE3yJIbTaThl BIIOJIHE MOTYT
IPOTHBOPEUUTH APYT APYIY, Onarogapsi BICOKOH JIMTOJIOTHYECKOH HEOMHOPOAHOCTH TaHHOM
TOJILLIY.
Hcnonp30BaTh pe3yibTaThl, TPOAEMOHCTPUPOBAHHBIE B MPUMEPAX, B KQUeCTBE OCHOBBI JIJIs
HHTEPIPETALMH TAaHHBIX CEHCMOpPA3BEIKH MO IPYrUM MECTOPOKIEHHUSIM He(hTH Oa’ke HOBCKOM
CBUTbI, METOOUYECKH HE BEPHO.



The model of Bazhenov formation reservoir of Salym field (by I.Nesterov, 1985%)

Monenb KOLIeKTOPAa 0a:KeHOBCKON CBHTHI CaAJILIMCKOT0 MeCTOPOKIEHHS
(mo UK. Hecrepony u a.p. ,1985r)*

Reservoir:

*1s a fractured shale, enriched by organic matter
*Lens-sharped

*Permeability are caused by horizontal auto-fluid-fractures
due to oil generation from organic content

Lens-shaped reservoirs are widespread chaotically

KoanexkTop:

*(hopMupyeTCs B TPEIMTUHOBATHIX IVIMHAX, OOOTaIleHHbIX
OB

*UMeeT JTUH30BUTHOE CTPOSHHE

*DEC 00yCIoBICHBl HAIMYUEM TOPU3OHTAILHLIX TPEIIHH
aBTO(IIOUI0pa3phIBa

YeaoBHEIE 0003HATEHHSA

JINH30BUIHBIC KOJLUICKTODLI DACIPOCTPAHCHBI
1 —uedtn; oil a PRIp P P

2 — opranmdeckoe BeliectBo; TOC Xa0TH4IHO
3 — OuTyMMHO3HBIEe IVIHHBI; massive bituminous clays

4 — TpelIMHLI aBTOuIIONIAOpa3phIBa; fractures

A — KOUTIEKTOP; reservoir

b — BMenraronye mopoanl; matrix rocks

B — mokpsmimka. Cap rock

* Hecmepos H.H. HEQTETASOHOCTHOCTE ITHHHCTBIX BHTYMHHOSHBIX [TOPO)]. CTPOEHHE H HEQTETASOHOCTHOCTE
FBAKEHHTOB 3AITATHOW CHEHPH - Choprux nayunsix mpyooe. Tiomens, uzoanue SanCubHIITHI, 19852, ¢. 11



Bazhenov core
Kepn 0axe€HOBCKOM CBUTHI

Bazhenov formation is an unconventional reservoir

— lack of actual data

— low exploration maturity:
- core recovery and safety are low
- permeable core break down first
- carrier beds have not been studied for a
long time in core
- it is very difficult to match incomplete
core and logs

bakeHoBCKAasi CBUTA HETPAAHIIMOHHbI_00beKT

— MAJI0 PAKTHYECKUX JAHHBIX

— HU3KAas CTENeHb H3YICHHOCTIH:
- HI3KAasl CTeNIeHb BHIHOCA U COXPAHHOCTH
KepHa
- B MICPBYI0 04€¢PETb PA3PYIIAKOTCH
TPEIIMHOBATHIE HHTEPBAJILI  pa3pes3a,
CoAePIKAIME KOJLUIEKTOPbI
- OTCYTCTBHUEC BO3MOKHOCTH M3YUCHHS
KOJJICKTOPA HA KAMCHHOM MATECPHAIIEC
- TPYIHOCTH npuBs3KH KepHa K T'HC




In recent years

Some o1l companies begin to study Bazhenov formation

6 fields are under Bazhenov formation development

Production logs are performed for determination inflow intervals

Isolated and preserved core 1s withdrawing

Wide spectrum of core studies is performing

Various techniques of seismic data interpretation are testing for the purpose of Bazhenov
propertics prediction

Pilot project of thermal gas stimulation of Bazhenov 1is running on the Middle-Nazym field
Long horizontal wells with multi stage frac are drilled

B nocneanue roapl

Heckonbro HepTsHBIX KOMMAHUK HaYaIH PAOOTHI MO M3VICHHUI) OTIOKCHUM OA)XKCHOBCKOW CBUTHI
Ha mectn MecTopoXkACHUAX HavaTa MPOMBILUICHHAS Pa3padoTka OTIOKCHUM Oa’KCHOBCKOM
CBHTHI.

[IpoBomsITCST TIPOMBICIIOBO-TEO(PMBHUECKIE HCCICIOBAHISA, HAIPABICHHBIC HA BBIIBIICHHE
MMPUTOYHBIX MHTCPBAJIOB B Pa3pese

OT1OupaeTcsa H30IUPOBAHHBIN KEPH C BBICOKOM CTEIICHBIO COXPaAHHOCTH

[IpoBomsITCS KOMIUIEKCHBIC J1a00paTOPHBIC KMCCIICIOBAHMA KEpHA

TecTupyroTcst pa3aMuHBIC MCTOAUMKHA UHTCPIIPCTALMU JAHHBIX CCHCMOPA3BCAKHU C LICTBIO
MPOTHO3UPOBAHUS CBOKCTB TOIIHA

Ha Cpenne-HazbiMckOM MECTOPOKICHWM HAavaT SKCIICPUMEHT I10 TCPMO-Ta30BOMY BO3ICHCTBHUIO
HA OTIIOKCHHUS 0aXKCHOBCKOM CBHUTHI

[TpoBOASTCS SKCICPUMEHTBI 10 MPOBOAKE JUITMHHBLIX TOPHU30HTAIBHBIX CTBOJIOB CKBAYKHUH C
MHOTOCEKITMOHHBIM [ PI1



Unique properties of Bazhenov formation
VYHUKAJIbHBbIC CBOHCTBA OTJI0KEHHH 0AKEeHOBCKOH CBUTHI

yucTo-HedTaHan 3oHa

Pure o1l zone

MWHWCTO-KPEMHUCTbIE Nopoabl
(HeKonnekTopbl)
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Bazhenov formation
baxeHoOBCKas

TpewmHoBaTele kapboHaTHO-KPEMHUCTbIE MOHOMNUTHbIE KapGOHaTHO-KPEMHUCTLIe
pPaguonApuTbl (KONNEeKTopb) PaanoNApUTLI (HEKONNEKTOPbI )
I ractorcd carbomated vadiolarian~ Mool e corborat
CUCSCTY ol Coadltolarins tione roscrs ol roelos
Lack of aquifer

oil accumulation morfology completely coincides with morfology of the reservoir,
Le. if there is a reservoir - there is an oil accumulation too (without any water)

OTcyTcTBHE 3AKOHTYPHBIX BOJ

Mopdhonozus 3aiexcu npaAKmudecky ROJTHOCHbIO cognadaem c Mopdhoiozuceii KoLiekmopd,
m.e. ECTb KO/UIEKTOP — ECTH YHUCTO HE®TAHAA JAJIEXKD




Identification of Bazhenov carrier beds - one of the main objectives
for research
BoIsIBICHUE KOJJIEKTOpA B pa3pe3e OAKECHOBCKOM CBUTHI — OJIHA U3
OCHOBHBIX 3a/1a4 UCCIECAOBAHUM



Example of the Bazhenov formation exploration maturity of a Western Siberia field
[Ipumep n3ydeHHOCTH OAKEHOBCKOM CBUTHI HA MECTOPpOKAeHUsIX 3ananuoi Cubupu

CKBaXXUHbl CO «CTaHOAPTHbLIM» = rpaHuLbl MEeCTOpPOXAEeHUA
komnnekcom NAC, 6e3 kepHa
wells with standard log, no core field borders

CKBaXWHbl CO «CTaHAAQPTHbLIM»

YyacToK cencmopasBenkm 3D
KOMMeKcoMm N'MC, BbiIHOCOM KepHa 1-50%c %D seismic borde?s
wells with standard log, core recovery 1s 1-50%

101 CKBaXWHbI C «pacllMpeHHbIM» Komnnekcom NC,
® co 100% BbIHOCOM KepHa

wells with standard&special logs, core recovery is 100%




Example of well’s data of the Bazhenov formation
[Ipumep M3y4eHHOCTH CKBaKUH 0a’KEHOBCKOM CBHUTBI
Well 1 Cxeaxuna 1 Well 2 CxBaxxuna 2

GK PS
NNKtGK KS

ps T1 Tr FMI
| PZ NKTb Core
Fl ‘NGKsznt

BAKFHOBCEKAS CBUTA

The target: to evaluate new wells with core & modem log afier that to evaluate old ones
3ajaqa; IPOBECTH UHTEPIIPETAIIMIO HOBBIX CKBAKUH ¢ KEPHOM U pacmupenubiM koMiviekcoM [ MC u nocite sroro repeiitu
K WHTEPIPETAITAHN CKBAKHH cTaporo (oHa




Inflowing intervals identification based on Production log
Bbigenenue KOIEKTOPOB MO JAHHBIM NMPOMbICI0BO-Treopusnuecknx uccaegopanui (III'NM)*

Pagyenie e e — [ F—

Inflow intervals (Carrier beds)
KonekTop

Tight (Impermeable) rocks
Hexrouiexrop

The well is under natural flow development more than 5
years. Cumulative production is more, then 50K tones.

CkBazxuHa 3RcIIIyaTHpyeTcsi GOHTAHHBIM CTIOCo00M B
TedeHUN S JeT/Haxormrennas 1o6br4a S0 Teic.T

5= kil =IE

YenoeHble 0bo3HaveHns
1 - NPUTOYHBIE MHTEPBANLI NO NPOMBLICNOBO-TEOMUINYECKUM AaHHBLIM;
2 - ynnotHeHue no HIK; 3 - untepean nepdropauum

1 — carrier beds, 2 — positive anomaly of neutron log,
3 — perforation interval

abasakckas ceuTA

* CiiaekuH B.C. Hexotopble acneKTsl reoJIONHYECKOr0 CTPOeHUA U IMePCleKTHB Hep TCHOCHOCTH OaKeHOBCKOI CBMTBI Ha 3ariajie
IMupotHoro Ilpuodss / Cnaskun B.C., Auexceer A.Jl., Konockos B.H. // Hedrsivoe xozsiiictBo. — 2007. - Ne8



Carrier beds identification by geochemical approaches
BrisiB/ieHHE KOJLUIEKTOPOB re0OXHMHY€CKHMH METOAAMH

Comparison of TOC vs. S1 of Rock-Eval for well

(researching made in geochemical center of VNIGNI)

Comocrasnenue C,,. U S, 1o pa3pesy CKBaKHHBI
(uccnedosaHus 6biNORHEH L 6 ceoxumuueckom yenmpe BHITTHH)

=
5

S1. m2¥YB/2 nopodsi

Cox]'aauuﬂgw  ucxooupin OB

8.0 10.0 12.0 14.0 16.0 18.0
Cope, % maccei TOE

-00pa3Ilbl ¢ AHOMAJILHO BBICOKAM COJIEPKaHUEM
xKAgKkAxX YB/ samples with anomalous high content of fluid
oil-like hydrocarbons
| Il - xonnexrop / carrier bed
$; — ColepKaHUE KUIKUX yrIeBogopoaoB / oil-like
hydrocarbons




Bazhenov Poro&Perm determination
Onpenenenne PEC 6a’keHOBCKOH CBUTBI

Us-2316

Porosity after extraction
Kn mocse 3kcrpaknmn

| before cleaning - m after cleaning
Pasznuna ~4%,
The difference 1s ~ 4 p.u.

Porosity before extraction

K 1o sxerparuun

. Permeability after extraction
Knp nocie s3rcrparimun

Permeability before extraction

Knp 10 srerparkinmnn



High properties variability
Boicokasi uamenunsoctb DEC mopon mo paspesy
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High properties variability
Boicokast usmenunsocts @EC nmopon no paspesy
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Studying reservoir properties on cubic samples
N3yuenne @EC nopox Ha kyOn4yeckux odopasuax

r.'lI!Hl(ll'l‘(l-l{ﬂpﬁ(ﬂl:l’l'ﬂD-I\'pel\'llllIC'l'ﬂH nopoja ¢ JHH30BH/JIHBIMH
NpoCHoOsAMH TOJOMHTHCTBIX H3BECTHHKOB, € PEJIKHMH OCTATKAMH
ABYCTBOPOK (HII[)HEPRM) H PEAKUMH ITHPUTH3HPOBAHHBIMH
PaIHOJIHPHAMH.

argillaceous-siliceous rock
enriched by TOC

Pagmoasipur (Kp) uHcrblii HeH3MEHEHHBIH CO
cJ1a00NePEKPHCTALIN30BAHHBIMH HeAe(OPMHPOBAHHBIMH
PALHOIAPHSIMH.

radiolarians

F_ln-nmc'm—f\'apﬁoua'm|)—|<pe.\muc1'aﬂ Nopoja ¢ JJHHI0BWIHBIMH
NPoCJOAMH T0JOMHTHCTBIX H3BECTHHAKOB.

siliceous-carbonaceous rock
enriched by TOC

JLo10MHAT H3BECTKOBHCTBII ¢ 00JI0MOYHOI CTPYKTYPOIl
€ KAJILIHTOM 110 TPEUIHHAM.




Lithological characteristic of a carrier bed
JInTosiornyeckasi XapakTepUCTHKA KOJLUIEKTOpPA

OcobennocTn ¢1 POCHHH NYCTOTHOIO NPOCTPAHCTBA NOPOI,
HACBILNECHHBLIX JIKOM llll()q)(lp(),\l

Geologic aspects of effective capacity in sample saturated
by luminofor

Tun KOJLICKTOpA: lpL‘llHIIIHU-!IUpUHhIﬁ
[Mopucrocts — 19,1 %
Ipornuaemocts no HanpasaeHuam (mJ1): 1 - 0,75; 11 - 9.2y
BEPXHOCTHAA MUIOTHOCTH TPELIHH 1o 6 rpansam KyOuka (cM
I 1l A% V Vi cpei. IMoposoe
028 022 04 036 033 038 POCTPAHCTBO

OCTh TPEIMH (MKM): MHH. 5; makc, 21:cpea. 12

Thin s&.)%t' ¢hoTo nopoasl

on
¢oTo Winu }YB” 0) (PacTpOBbI BMEKTPOHHbIN
(nonspu3aUMOHHBIA MUKPOCKON) MWKPOCKON)




Studies of Bazhenov bitumen
HNccnenoBanusi OMTYMOHI0B 0a’KEHOBCKOI CBHTbI

Bazhenov Geochemical cross-section based on the results of Rock-Eval before and after extraction
TeoxumMmuvecknii pazpes 0TI0KeHHIT 0a’KeHOBCKOIl CBHUTHI IO pe3yiibTaTaM Hcc/e/I0BaHH 00pa3ioB
mopoa o H 1nocjie IKCTPARIUH XJIOPodhopMoM

In the reservoir rock
TOC= 2-3 %,
0Oil - 50-60 % TOC
B nopojaax, cogepzranmx
KOJIJIEKTOPBI,
Copr = 2-3 %;
suakmue YB (nedrn) - 50-60 % OB

Pa,HI/IO.]'[HpI/ITOB as
Inmavura

S Sa, Tmax, °C HI
Mr Y B/T moposs! 150-300 mr ¥B/r TOC



Kerosene porosity vs. irreducible oil derived from ultracentrifuge
ConocraBJjieHHEe MOPUCTOCTH M OCTATOYHON He(pTEeHACHIIIEHHOCTH, MOJIy4YeHH O
10 KEPOCHHY Ha yJbTpaueHTpudyre

5 10 15

. = I, Y
argillaceous-siliceous C{E osits i
INMMHHH CT()—KPCMIIHCTI’IC Il 0] MBI &)

Determination of carrier bed’s irreducible oil saturation showed mobile o1l occupies about 60% of a rock
capacity volume
OnpeacacHue 0cTaTOMHOM HC(PTCHACKIIICHHOCTHA B KOJLICKTOPAX MOKA3alio, YTO MOABMKHAS HC(PTh B
HUX 3aHUMacT 0ko10 60% mopoBoro 00BEMa MOPOT



Studies of Bazhenov bitumen
HNccnenoBanusi OMTYMOHI0B 0a’KEHOBCKOI CBHTbI

Bazhenov Geochemical cross-section based on the results of Rock-Eval before and after extraction
Teoxummvecknii pa3pes oT/I0KeHH 0aKeHOBCKOH CBHTHI M0 pe3yabTaTaM HCCJIe/I0BaHUH 00pa3ioB
Mopoja /10 H Mocje IKRCTPARIHA XJI0Po(hOopMOM

82, ur YB/r nopogu

20 30 40fios a3

In source-rock
TOC- 5-25 %.
oil — 10-15 % TOC
B HedreMarepuHCKHX I1OPOIAX:
Copr = 5-25%;
cojlepzkanne HedTenoJo0HbIX
KOMIIOHeHTOB - 10-15 % OB

Pa,IlI/IO.HHpI/ITOB ast
mavra

_ M e poreHn
yllcE 000THBIC Y B

KeporeH Wl HepTenoqo0HBIE
KOMIIOHEHThI,

H3BJIEKaeMble NpH S1 82,
IKCTPAKIHH

Tmax, *C HI

Mr YB/T moposs 150-300mr ¥B/r TOC



KomnuiekcHbIN m0oAX04 K BbIAEJIEHHIO KOJJIEKTOPOB B OTJIOXKEHHSIX 0A’KEHOBCKOH CBHTBI

O6paiue

Integrated approach of the Bazhenov carrier beds identification

Log Analysis
Ananmz
IIPOMBICIIOBO-
reopU3AUECKOMN
uhopMaluu

Core geochemistry by Rock-Eval
method

AHaTI3 pesyIsTaToR
TCOXMMHYICCKHX HCCIICIOBAHHN
niopoa MeTogoM Rock-Eval

!“ l Lab studies of cubic samples,

e

with a side of 4-5 cm
JlaGoparopHble HccIe0BaHMS
OLEC olTUMAIIBHO HIPOBOIUTH HA
KyOuueckux o0pasiax, ¢ IpaHbio
4-5 cMm

Integration with lithological studies
YBsi3Ka ¢ pe3syIbTaTaMi JIMTOJOTHYECKAX HCC/Ie/I0BaHHil
KepHa
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Bazhenov sediments
OT10KeHHs 0AKEHOBCKON CBUTbDI

L. Araillaceous-siliceous deposits
cariched by 1O

L. I.I]III[ICIH—I\'|)L'\III]IClI.IL‘ IIH|)H 111, Carrierbeds

2o5ccondary translformed
radiolarians
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Scecondary transformed radiolarians

Broputano |||)cu6|);l JOBANHLIC PATHOJISIPIT LI

Radiolarians have small thickness (0,1-3 m),
but wildly spread in an area (tens, hundreds km)
Pamuosmsapurer o6manarot Hebonbmon TommmaoM (0,1-3 M),
HO IIMPOKO PACIIPOCTPAHCHBI HA IUIOMAAN (ICCATKHA, COTHH KM)

Radiolarian mud formed in time of zooplankton bioproductivity flashes, caused by periodic strengthening of
mfluence on the Bazhenov paleosea of cold northern water, which were enriched by oxygen & nutrients
(F.Gurari, V.Zakharov, S Filina, M.Korzh and other)

@opMHUPOBAHKC PATHUOIPUCBBIX HITOB MPOMCXOIMIIO MPH BCITBILKAX OHOMPOAYKTHBHOCTH 300TUIAHKTOHA,
0OV CIIOBIICHHBIMI, BEPOATHO, MEPHOTMICCKUM VCHJICHHEM BIMSHHS XOJOIHBIX BOX OOpeabHBIX MOPEH Ha
0a)KCHOBCKHI 0ACCEHH CEIMMCHTALIMM, MPU KOTOPOM BOJBI HACKHIIIAINCH MHUTATCIBHLIMH BEIICCTBAMU H
kuciopogom (@.I'T'ypapu, B.A 3axapos, C.1.Ounuua, M.B.Kopx u ap)



Variability of Bazhenov section in area
N3meHYnBOCTH pa3pe3a 0a’KeHOBCKOI CBHThHI HA MJIOILAAU

CeBEepPHbIH paspes paspe3
A Cpenne-Hassimckoro C H02KHOTO 0OpaMIICH I
3 OIHOTO U3 MECTOPOXKIEHUS CanpIMCKOro
MECTOPOIKIeHH I HOKHBIH paspes MECTODOAICHHA
Kpacnonennnckoro [ansHOBCKOTO

CBO/1d B MECTOPOKIACHHUA D
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YeinoBHbIe 0003HAYEHH
PAMONSIPUTHI (OKPEMHEHHDIE) FTMHUCTO-KPEMHHUCTBIE TOPO/IBI

SAMRCTHBITHE PasoIsipy = [IIHHUCTO-KAPOOHATHO-KPEMHHICTEIE TOPOIbI

BTOPHYHLIC ) HTBI, 6I-IOT}'E6HPOBE[IH'IHE MTHHHCTO-KPEMHHUCTBIC
3aMCCTHBIIH AT i MMOPO7ibI




Radiolarites ol the Bazhenov Tormation
P imoasiprronast Havka 02skenoncrRon CBuhl

TpoeHne paspeaa
BaneHOBCKOW CBUTH B CKBAMUHE

Panmoax v

F'Krmv.!s;u
50 500
MKn.ricm
2.7
TNPH y &

Crpoexne
pPafMONAPUTOBOR Crpoexne cnoes Crpoexne cnoes

naukm (maxkpodororpadmm wnudgoa) (mukpochororpacdum wnudos)
Crpoenwe

oTaensHbiX CNoes
(KepH)

Crparwpagus

Nuronorma

HepasHoMepHOe HacbileHUue OKPEMHEHH020
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KapbonamuauposamHsil paduonspum
€ KpynHbIMU mpewuHamu aemoghnioudopaspsiea
JanoNHeHHLIMU yanesodopodamu

BAXEHOBCKAR CBMTA
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dolomites : ;
paauonsnputel radiolarians r. C.72-79.



The main type of Bazhenov reservoir
OcHOBHOIT THII KO/LUIEKTOPA B OT/I0KEHHIX 0AKEHOBCKOI0 rOPH30HTA

Thin section_ ®ororpadu Lo Reservoir fractured & porosity type

f"i‘ | N KoaiekTop TPeIIHHHO-NIOPOBOIo THIA

Reservoir forms by:

* capacity coursed by secondary transformations;

* fractures (auto-fluid, tectonic) in tight layers

Koaiexktop popmupyercs 3a cuer:

* BTOPHYHON EMKOCTH, HOSBHBINCHCH IPH BTOPHYHBLIX
npeotpazoBannsix;
PACTPECKHBAHMN XPYIIKHX CJI0CB PATHOISAPHTOB
(asTouuonopazpsis, TeKronndecknii paxrop)

Poro




Carbonatisation
Kaasuurusauust noposa

uii?ﬁi{ﬂ‘

"

BB L) B SEBLEL A w

Reservoir fractured & porosity Reservoir fractured type. Fractures

type. Micro-fractures and poro located between blocks of calcite cement 3
located between calcite crystals + =
+ KoL iek1opbi >

Ko.L1ieKTophi TPEHMHHOTO THIA =

NOPOBO-TPEHIHHHOIO THIIA Tpemmusl pacnpocrpanens Loss of reservoirs properties,
MEKPO-TPEHUHBI 1 MEKPOTIOPbI Mea 1y 0.10KaMi percHepaAIoHHoNo coursed by filling of open
PACHPOCTPAHCHBI HEMEHTA fractures by calcite
MEARTY KPHCTA LM * -
KA LI Yrpara KO.LIEKTOPCKHX CBOIICTB

+ 34 CHET JAICHHBANNS TPEHINH
KAALITOM



Dolomitization
JlonomuTH3auus

Reservoir capacity = secondary porosity, created in catagenesis
in dolomitized rocks.

Permeability = system of fractures between dolomite crystals,
and along borders of the sites, combined by dolomite and silica
High-capacious reservoir fractured & porosity type
in siliceous dolomite
+
EMKOCTL KOICKTOPA= BTOPHYHAS HOPHCTOCTD,
chopMUPOBABINCHICS B KATCICHEIE TIPH 0 I0MITTH3AINN HOPO/L
MpoHnaeMocTs = CHCTEMA TPEIIH, WIVIIHX MEK/1Y
KPHCTALTAMH 010MUTA, & TAKKE BIOJL UPAHIIL VHACTROB,
CAORCHHBIX JI0JIOMETOM B KPEMHHCTBIM BCINCCTBOM
BuicokoeMkmil Tpeimmuno-nopoBbiii KOICKTOP B KPEMHHCTOM
A010MITE
-

Fractures, filled by ‘heavy tails’ of oil
> TpewmHbl, 3aneyartaHHblie «TRKENbIMU XBOCTaMU»

HeTH

Reservoirs properties loss, because
fractures were filled by ‘heavy tails’ of oil

Vipara KOLICKTOPCKUX CBOIICTS 3a cuer
JANOJIHCHUS NYCTOTHOIO HPOCTPAHCTBA
TSEZRCALIMI XBOCTAMHI HedTH



Radiolarians wildly spread in hundreds kilometers, but their Poro&Perm are
variable in a field area because of secondary transformations and structure-tectonic
factors
PanuonsapuToBbie CI0U MPOCICKUBAIOTCA HA COTHU KUIOMeTpoB, ogHako nx OEC
BEChMAa M3MEHYMBHI HA TUIOMIA TN MECTOPOXKIASHUS 3a CIET Pa3HooOpas3us
BTOPHYHBIX MPOIIECCOB M BIWAHUSA CTPYKTYPHO-TEKTOHHIECKOTO (hakTopa



Carbonates i the top ol the Bazhenov Tormation

INAapooOnaTEl BEPXHCH TacTi UREHOBCKON CHRITTLI

CeBepHBIii paspes
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Carbonates of the Abalak Tormation

N Aapoonars Q0UTAKRCKON CRITHI

Thin section / ®otorpadun nurindor
Limestone / U3BecTHAK Dolomite/ Josomut
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\piary ceological model ereation based on core and logs

CO3Imme anpuopPmon reoaor maeCiRon MoIe m no wepuy u aanmsina L

Lithology sections creation for wells with core
Co3naHue JTUTONOrMYeCKUX KOJIOHOK BCEX CKBAJKUH C KEPHOM
Generalized lithology section creation based on core and logs. Layering based on log.
Coznanne 0000IIEHHOM JTUTOIOTHYECKON KOJIOHKH paspesa, yBsizaHHOH ¢ nanHbiMu [ C.
Paznenenue paspesa Ha mavyky, oOazaroiue onpeaeneHHon xapakrepuctukoit mo ['MC
Lithology sections creation for wells without core (only based on log)
DopMHUpOBaHUE JTUTOIOrHUECKHUX KOMOHOK 1Mo AaHHbIM | C B ckBasknHax Oe3 kepHa

Investigation of Bazhenov layers variability for a field area
BrisiBiieHne N3MEHYHUBOCTH TOJIIIMH MTAY€K U MX CBOMCTB Ha IJIOIAH MECTOPOKIEHHUS
B
Objectives setting for seismic interpretation based on core, log and results of wells
production
ITocTanoBKa 3ama4uu qjIsl HHTEPIPETALIMH JaHHBIX CEHCMOPa3BEIKH MPOBEIEHA Ha OCHOBE
HCCIICAOBAHMI KEPHA, KAPOTaka U MPOMBICIIOBOH MH(opMaIin
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\piary ceological model ereation based on core and logs

CO30amme anpuopuon reoaor maIeCiRon MoTe i no kepuy u aganmnsi 1

Lithological section based on logs
JIuronoruyeckre KOJIOHKH 110
nanasM 1 UC

Investigation of Bazhenov layers variability for a field area
Brenenre H3MEHIUBOCTH TOIIHMH ITav4ek 1 UX CBOUCTB Ha IIIOMa 1
MECTOPOKACHUS




Crparwurpadwvn

Physical properties of Bazhenov formation
Pu3nyecKHe CBOHCTBA MOPOa 0A’KEHOBCKOH CBUTBI

OGpasuye

Nuronorua
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V= 5400 m/c
r=2,7-29 /e

V=3000 - 4010 m/c
r=2-23r/em?

V= 6000 m/c
r=2,8-3,0 r/em®

TMWHKUCTO KpEMHHCTble GHTyM“HOJthe noponbl

1
Argillaceous;siliceous deposits, enriched by TOC boaw:
sﬂlceous—cal bonaceous deposits, enriched by TOC

dolomltes
paawonspute Tadiolarians




P-wave velocity versus Bulk density depend on lihotypes (core measurements in a lab)
3aBHCHMOCTDH PACTIPOCTPAHEHHSI CKOPOCTH MPOAOJIbLHBIX BOJIH OT JINTOTHIIA MJIACTA
IOKO no nanHbIM KepHa

N CyuiecTBeHHO Kap6oHaTHbIE
nopoasbl
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Acoustic inversion of seismic 1s the eflective approach for forecasting
of variability of Bazhenov deposits
AKYCTHYECKass UHBEPCHS BOJIHOBOIO IOJIS SIBISIETCS A(P(PEKTUBHBIM
MHCTPYMEHTOM JUISI IPOTHO3UPOBAHUS H3MEHUYMBO CTH OTJI0KEHHH
O@KECHOBCKOM CBUTHI HA TLIOIIAIH



Objectives for seismic interpretation have stated based on core, log and production data
analysis
3agaya qJ1s1 HHTEPNPETANNH JAHHBIX ceficMopa3BeakH chopMyTHPOBAHA HA OCHOBAHHUH
BCECTOPOHHEr0 H3y4YEHHSI KEPHA U MPOMBICJIOBBIX JAHHBIX

YeJ10BHBLIC 0003HAYCHUSA:

PaauonapuTi

MUWHKACTO-KPEMHUCTLIE NOPOALI

KpF!MHHCT('}-I'n HHACTD-Ka phOHHTH bie
nopoasl

AbBanakckasa ceuTa

KDEI\HHMCTO-I'JT MHUCTbl€ NOPOadbl

KapboHaTtHele nopoasl




Bazhenov-Abalak acoustical models based on reference wells
OnopHble aKkycTHYECKHE MO/ CKBAXKHH B HHTepBajie miacros HOK0-1




Seismogeoacoustical section of Bazhenov interval
CeiicMoreoakycTu4ueckuii paspe3 B HHTepBaJie OTJI0KeHH I 0a’KEeHOBCK Ol CBHTbI

I padhurx cpedneti akyemuneckon dcecmrocimu 8 unmepaaire niacma KU

average acoustic rigidity of UK0
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Comparison of the acoustical inversion result with lithological section of the Bazhenov
interval
ConocrasJieHHe pe3y/ibTaTa AKYCTHYECKON HHBEPCHH C Te0JIOTHYeCKHM pa3pe3oM B
HHTEpPBaJe 0a’KeHOBCKOH CBHTHI
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Bazhenov lithotypes impact estimation for acoustic impedance
OueHka BJHSIHAS PA3JIMYHBIX JINTOTHIIOB HA 3HAYEHHS AKYCTHYECK O ’KeCTKOCTH

miacra HOKO

I'padur KoppeasumnonHol JABHCHMOCTH NPONEHTHOIO COASpEAHNS
I\'pl'\lllll('llnll l!l]p(],l 0o JannsiM KepHua B axky cCITRYeckol
AKECTRKOCTH 18 Hiexkaero caos wiaacra FOKO no aapawv J1H

v =-0.02x+ 238.85
R? = 0.65

Z

HPOLIEHTHOT 0 (O IRkt

EPeMHEMCTRIX IopojL, *s

o]

6800 JO00D 7200 7400

AKVCTHYMCCKAR RECTROCTE, (F'eM3*wm/c)
acoustic unpedance

IIponentHoe pacnpeieaenne KPeMHHCTBIX NOPO
N0 JaHHLIM KepHa

1]

Pa3sHble CKBaKNHbI
B xapOOHATHBIC MOPOIbI
KPEMHHCTHIE MOPOJIkLI

HPOUEHTHOND COACPHA NN

KPCMHNRCTRIX Bopoj, %




The expected scheme of lithotypes distribution for Bazhenov
IIporuo3nasi cxema pacnpeaesjieHusi MOpPoA Pa3JIHYHBIX JUTOTHNOB Miacta FOKO0

FMAHWCTO-KPEMHWCTLIE | KApBOHATHO-KPEMHUCTLIE
NoOpoAakL: nopoael




The map of distribution pseudo Poisson coefficient according to the elastic inversion
Kapra pacnpenenenns ncepaoko3ddunnenta Ilyaccona no JaHHBIM yIPYyroii HHBEepCHH

I'paduk MERCHMOCTE MEATY BAYLTLNWM JedmToM medan
PN IECILTVATANEE W YOPYTHM OAPAMETROM O B NETCPRATE MPCKNL oo ennil
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AVO-analysis in the way of elastic mversion modification allows to
get mformation for area prospects ranging.
[1o pe3ynbraram AVO-anann3a B MOAU(PUKALIMK YIIPYTrOH HHBEPCHHU
MOKHO TTOTYYHUTh HH(POPMALIHIO, TTO3BOJISIIONIYIO PAHKHPOBATh
IJIOMIAAb padOT IO MEPCIEKTUBHOCTH.



The Bazhenov top structural map and expected The expected scheme of lithotypes
productive zones distribution for Bazhenov
CrpyxrypHas kapra no kposne Ol b u [IporHo3nas cxema pacnpenenieHus mopo
MPOrHO3HbIE 30HBI HEPTEHOCHOCTH pasnu4HbIx JuToTHnoB miacta FOKO




Bazhenov ‘sweet spots’ for every field need to be delineated based on
results of seismic mterpretation founded log evaluation realized on
the results of core studies.

JU1s1 OKEHOBCKOM CBUTHI NEPCHECKTUBHBIE 30HBI HEOOXOIMMO
BBLACJISITh HA QCHOBAHUM PE3VABTATOB UHTEPOPETALMU JTAHHBIX
CEMCMOPA3BEJIKA, O CHOBAHHBIX HA MHTEPIPETAIMU JaHHbIX [ UC.

IIPOBEACHHOM MO PE3VIbTATAM MCCICTOBAHUM KEPHA.




Conclusions/BrIBo Bl

High variability at low exploration maturity of Bazhenov deposits leads to necessity to study core for
cvery field, to discover the individual workflows for log & seismic evaluations depend on the deposit
type and available iformation.

Bricokas H3MEHUYHBOCTD, HU3KAsA CTETICHh U3YUYCHHOCTH OTIOKECHHE 0a:KEHOBCKOM CBHMTHI 3aCTABILIET HA
KaKJI0M MCCTOPOKACHUN TPOBOAWTD KCPHOBBIC MCCACAOBAHMS, MHIMBHUAYAJLHO COCTABIISTh MPOrPaMMy
pabot u oxdupare McToasl MHTCpnperammu aaHHbx [ UC u ceticMopasBeaku, B 3aBUCMMOCTH OT THIIA
paspe3a M UMEIOIICHCA HH(OPMALIKH.

Identification of type, properties, allocation and morphology of the reservoir is a priority for Bazhenov
deposits . To solve the task is necessary based on wide spectrum of core analysis, logs and production
testing results.

BrisBricHrE TUMA, CBOKWCTB, MOJOKCHUS B Pa3pese v MOP(POIOrHK KOICKTOPOB — MEPBOOYEPEAHAs 3a1a4a
U OTVIOKCHUM OaKCHOBCKOM CBMTHI, PEIIATh KOTOPYIO HEOOXOIMMO HAa OCHOBAHUM Pa3HOCTOPOHHUX
HCCIICIOBAHUM KEPHA M MPOMBICIIOBO-Ie0 (PU3HIESCKON MH()OPMAIIHH.

The task for effective seismic evaluation needs to be formulated only based on core studies resultes.
[IpoBectr 3(h(PEeKTUBHYIO MHTEPIIPETALMIO JAHHBIX CEHCMOPA3BEIKH BO3MOKHO TOJBKO HA OCHOBAHHH
3aaa4uu, C(POPMYITUPOBAHHOMN MO PEIVILTATAM KCPHOBBIX HCCIICIOBAHUII.
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