B HETPAOVMUMOHHBIE YINEBOAOPOObI

Kupunn CTpuxHeB, pyKoBOOMTENb MPOEKTHOro odmca
«TpygHousBnekaemble 3anachl (TP3)» aupekumm no
reosioropaseenoyHbIM paboTam 1 PasBUTUIO PECYPCHON Basbl
«[a3npom HedT»

LieHKa 3amacoB 1 PecypCOB HETPaAOVLMOHHBIX
YIrIeBOOOPOOOB B MVPE CBUOETENLCTBYET O
3HAYUTENBHOM MOTEHLIMANE TakMX MPOEKTOB 414
pa3paboTky. [Noka cyMMapHbIi 06bemM AO0ObIMM STVX BOOB
YrNeBOLOPOAOB CErofHsA B MUPE COCTaBSET NopsiaKa
1%, HO EMOHCTPUPYET HEYKIOHHbBIN POCT 1 BO3MOXHOCTb
KOHKYPUPOBaTb C MPOEKTaMm Mo AodbMn HedhTh 13
TPaaMLMOHHBIX 3anacos. o pacyeTamMm aHaMUTKOB,
K 2020-2025 rogamM Ha gonto HeddTH, MOSyYEeHHOM 13
aNbTEPHATVBHBIX UCTOYHNKOB, BYAET MPUXOANTLCSH
nopsigka 5% M1poBon HedbTeaobbIHN.

B Poccum npropnteTHbIM HanpaBneHnemM paspabdoTKi
HETPaaVLVOHHbBIX 3arMacoB YreBOA0POOOB SBNSETCS
chnaHueBasi HethTb. 3Ha4MTENBHOE PACMPOCTPaHEHNE
«0OMaHNKONOOB» N «B2XKEHUTOB» MO MOV 1 B paspese
B Mpeaenax OCHOBHbIX HEITErasoBbIX MACTOB, a TakXe
0bunre B HX MPOMBILLMIEHHBIX MPUTOKOB CBUOETENBCTBYET
0 NOTEHUMANBHON BOSMOXXHOCTW OpraHM3aLmm
MacLITabHoM 0o6bl4M 3TON HEDTU C MPUMEHEHVEM
COBPEMEHHbIX TEXHOMOM. [0 HEKOTOPBIM OLIEHKaM,
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Kirill Strizhnev, Head of «Challenging Reserves» project office
for Gazprom Neft’s Directorate of the exploration and resource
base development

M odern global estimates of unconventional hydrocarbon
reserves all point to huge development potential.
Currently, unconventional oil and gas production only
account for about 1% of global output, however the
development of unconventional reserves is demonstrating
steady growth and the potential to compete with
production from traditional reserves. It is estimated that by
2020-2025, unconventional oil and gas production will rise
to 5% of global output.

In Russia, shale oil is the main focus in terms of
unconventional hydrocarbons. Extensive domanicoids
found within oil and gas reservoirs at the Bazhenov
formation, as well as documented commercial production
raise the possibility of large scale production when the latest
technology is implemented. Some experts predict that il
production at the Bazhenov suite could hit 15-20 million
tonnes by 2020, and 70 million tonnes by 2030.

At Gazprom Neft, we currently have a number of shale
oil projects underway. In particular, Salym Petroleum
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MepCrexTVBbl A0ObIN HEPTN N3 BKEHOBCKOM CBUTbI B
Poccum k 2020 rogy oueHmBatoTes B 15-20 MAH T, a K
2030 rogy —B 70 MSH T.

«[a3npoM HedTb» peannadyeT HECKOSBKO MPOEKTOB Mo
pa3paboTKe 3anacoB CraHLEBOW HedpTh. B wacTtHocTw,
N3y4eHNeM NepCnexkTnB 40ObIHM 3TOV HeOTN 3aHMMaETCA
COBMECTHOE npeanpusatie «I asnpomM HedbTu» 1 Shell

— paboTaroLLEee Ha TEPPUTOPUM XaHTbl-MaHCUINCKOro
aBTOHOMHOIO okpyra Salym Petroleum Development
(SPD). Kpome T0ro, «[asnpom HepTb» CaMOCTOATENBHO
OLEHVBAET NMoTeHUMasn 6a>KeHOBCKOM 1 abanakcKowm

cBUT ManbsAHOBCKOW noLaam KpacHONEHNHCKOro

Hed TerasoKOHAEHCATHOrO MECTOPOXKAEHNS.

CeBepo-BocTo4Has HacTb [NanbsHOBCKOM MioLLaan
KpaCHONEHNHCKOrO HehTEra3oKOHAEHCATHOrO
MECTOPOXKAEHNS PacrofoXeHa Ha TeEpPUTOPUN
OkTsa6pbekoro paroHa XMAO (puc.1). B
HernocpeacTBEHHOW 6NM30CTY HAXOOSATCA
pa3pabaTbiBaeMble EM-EroBckas, TanvHckasa nnowam
(c 3anapa) n KameHHaa nnoLuaap (C toro-BoCTOKa)
KpaCHONEHMHCKOro MECTOPOXKAEHUS.

[NanbsiHOBCKas noLlanp BBeAeHA B MPOMbILLIEHHYHO
akcrnnyataumto B 1992 rogy. AKT1BHOE pasdypuBaHmne

1 OCBOEHME y4acTKa Ha4aloCb C BBOAOM B pa3paboTKy
BUKYJTOBCKOW CBUTbI B 1997 rofy. o cocTosHMIO Ha Mar
2013 roga skcnyataumoHHbIN oHL MECTOPOXOEHNS
COCTOAS1 N3 79 CKBaXKMH, B TOM 4uncsie 13 HarHeTaTe bHbIX.
[ob6blHa ocyLLEeCTBNSETCA MaBHbIM 06pa3oM C 06EKTOB
BK 1 HOK.

OCHOBHbIMW MPOAYKTUBHBIMY OOBbEKTaMK Ha
[NanbsiHOBCKOWM MoLLaan ABASKOTCHA OTIOXKEHNS]
BMKYNOBCKOM cBUThI (BK1, BK2), 0TnoxkeHnst 6a>keHOBCKOM
(rytnenmckon) (FOK -tOK "), abanakckoi (HOK?),
THOMEHCKOM cBuTbI (FOK?3, KOK*, KOK®) 1 6a3anbHoro
nnacra.

HecMoTps Ha 3Ha4MTeNbHbIE CyMMapHbIE re0Nornyeckme
3anacbl 6aXKeHOBCKOW CBUTbI (0KO10 40 MIH T) 1
MONYyYEHHbIE MHOMOYMCIEHHbIE MPUTOKN HEPTU
(NpWsHaKM cnaHueBon Hed T 06HapPY>KeHbI NPy BypeHnn
25 pasBenoyHbIx 1 10 akcnyaTtauMoHHbIX CKBaXKWH),
OCBOEHME 3TOr0 YHUKa/IbHOro 06beKTa Noka HaxoamuTCs
Ha HavaneHoM ctagun. MNpuyrHa B TOM, YTO KOJIEKTopa
BaKEHOBCKOW CBUTbI ABMSIKOTCS CIIOXKHO MOCTPOEHHBbIMU
1 TPEBYIOT OETANIBHOMO U3Y4YeHUsT 3aKOHOMEPHOCTU
PaCcnPOCTPaHEHVI 3aIeXXeN, a TakxKe X CTpoeHus. Bo
BPEMS MHTEHCVBHOIO pa3byprBaHNsa MECTOPOXAEHMIS

B 90-X rofgax OTCyTCTBOBa/IN HAAEXHbIE METObI
onpoboBaHVA NacTa, MHTEHCUMMUKALMM MPUTOKA, HYTO

B psaae Cry4aeB MO0 NPUBECTU K OTPULATENBHOMY
pesynbTaty Npu UCMblTaHUM HeTEHACHILLEHHbIX
Yy4aCTKOB CBUTbI. Kpome 3TOro, oTCyTCTBOBasIM
anpobnpoBaHHbIE TEXHONOTMM SPHEKTUBHOM
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Development, a joint venture between Gazprom Neft

and Shell, operating in the Khanty-Mansi Autonomous
Okrug, is looking at the potential of shale oil deposits in the
area. Gazprom Neft itself is also looking at the potential

of the Bazhen and Abalak suites at Palyanovskaya area

of Krasnoleninskoye oil-gas-condensate field. The north-
eastern part of Palyanovskaya area, which is part of the
Krasnoleninskoye OGCF, lies within the territory of the
Octyabrskiy district of KMAO (fig.1). The Krasnoleninskoye
field’s main producing areas, Yem-Yegovskoye and
Talinskoye border the Palyanovskaya area on the west and
the Kamennoye area on its south-east.

The Palyanovskaya area was commissioned for commercial
production in 1992. Active drilling and field development
started when the Vikulov suite began to be developed in
1997. As of May 2013, the field has 79 wells, 13 of which
are injection wells. The production comes mainly from VK
and YuK units.

The main pay zones at the Palyanovskaya field are the
Vikulov suite formations (VK1, VK2), Bazhenov (Tutleim)
suite formations (YUK -YuK "), Abalak suite formations
(YuK"), Tyumen suite formations (Yuk?3, YuK®, YuK®) and
other basal layer formations.

£ E -“.\ i = I ! —
1Fee Oumaxcave Monodimmpe
PucyHok 1: O630pHad kapTa panoHa paboT
Figure 1: Works area overview map

Despite the significant total geological reserves of Bazhenov
suite (about 40 miIn t) and numerous oil inflows (indications
of shale oil were found while drilling 25 appraisal and 10
production wells), the development of this unique asset
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OCHOBHbIe NUTOTUMNb

| ckBa)XXuUHbI Ne 153

HepHbI TOHKOOTMYHEHHbIN, TOHKOMAUTHATbIN, PacCnaHLOBaHHbBIN

aprnnT C LWeNKOBUCTbIM N3/IOMOM

“pagronaput” (KpemH1cTas nopoaa’)

TOHKOOTMyHeHHbIVI,

——

KeporeH -kapboHaTHO-
rMHYCTas nopoda. B
OCHOBHOW KapboHaT-
FIVHACTOM (peakums
Ha K1CNoTy) Macce

BKJOHEHWISt KAPOOHATHOrO
CocFaga, BbINONHEHHbIE

KOMOHMATTEHBIMIA (HOPMaM.
OpraHMaMoB

PRFEFEPIEE i —

BypoBaTo-cepbiii, HEN3BECTKOBUCTbI TOHKOCIONCTbIN
APrAnT YepHBbIN JO TEMHO-CEPOro,

¢ 6ypoBaTo-CepbIM1 MOCAOVHbBIMM
papvonsputamy (0T 5 cm o 20 cm)

HabnoaaTCs NMMH30BUAHbIE

YcnoBHble 0603Ha4yeHuA:

APrANT YEPHbIN,
paccnaHuoBaHHbIN

Aprnnnmt 6ypoBaTo-YepHbild, C
MOCIONHOW NpUTU3aLmen

TOHKONUTHATBIN

- Pagvonaput nocnonHbIn

Aprunnnt . APrunAnT TOHKOMAUTHATbIA C
OypoBaTbin, MOCIONHBIMI «PaAVONAPUTaMM»
KpynHOMUTHaTbIN,

KpeMH1CTO-rnnHncTas nopoaa ¢
E !.-3 JIMH30BUOHBIMW BKIIKOHEHUSIMA
L = | 13BECTHsIKA («MO pagmonspuTy»)

KeporeH-kapboHaTHO-TMHUCTast

. | nopoga
APrunanT KPEMHUCTBIN C

HepaBHOMEPHO

pacnpeneneHHbIMY MPOCOsMA

PaKkoBVHHOrO AeTpuTa

CuaepnUT-KPEMHUCTO-MNIVHACTas

nopoga

- ANEBPUTUCTbIN aprnanMT

[ MMHMCTO-aneBpuTOBas nopoda ¢
rNayKoOHUTOM

¢ H6apxaTnCTbiM
N37IOMOM.
[MocnonHas
cunbHas

KpeMH1cTo-rnnHncTas nopona

ok
TEMHO KOPUYHEBOTO LIBETa C Mopopb! (hyHAaMEHTa - KBapL-
: K KPYMH5IMU IMH3OBUAHBIMU GrOTUTOBbIN CriaHeL
- OHTaKT
Loy - P BKIIOYEHVSIMM 3BECTHSKA (MO
c — "
vionsipu
i “paguonpnTy’) CYAepUT-KPEMHUCTO-FMHIACTaS!
el 3 YepHbIi aprUNNT KPYMHOMMTHATbIN, nopoaa. CUaepyTvaaLms Kak
. o ——
1 KPEeMHVICTBI (?) C HepaBHOMEPHO paccesHHas, TaK 1 NoKann3oBaHHas
- pacrnpeaeneHHLIMI NPOCIOSMY PAKOBUHHOMO B BIAE BKIIOYEHI 1 MPOCIOEs,
! JeTpyTa. HabnopaioTes rHesaa vputa K HUY CIOSt CHepVTU3aLYS
1 KBapL-61oTUTOBbIN CraHeL, 6enbiii C BOMOKHUCTO-MSTHUCTOM MeHbLLUaeTCs. TonwyHa Npocnoes
4 y LL"
B

Kpenkas, TBepaast, CUbHO MMPUTU3MPOBaHHaS

TEKCTYPOM, MOAYEPKHYTON KOPUYHEBaTO-4YepHbIM LiBeToM. [Nopoaa

cuaepurTa NepBble CaHTUMETPbI.
0 TPELLMHaM

PucyHOK 2: JTnTonorndeckas KomoHKa 1 XxapakTepucTnka nuToTunoB CkB. Ne 153 MNansaHoBCKon nnoLaan

pPaspaboTKM Takmx 3anexein. Bee aTo CyLLeCTBEHHO
OCNOXHSNO BBOA, 6@KEHOBCKOW CBUTbI B aKTUBHYHO
aKCMyaTaLuto.

B 2011 roay Ha NanbaHOBCKOM MNoLLaam npoLiv
OMbITHO-METOOVNHECKME UCCNEO0BAHUS MO N3YHEHWIO

1 MPOrHO3MPOBAHNIO 30H Pa3BUTNSA TRELLMHHO-
KaBEPHO3HbIX KOJINIEKTOPOB HaXKEHOBCKO-abanakCKoro
KOMMJIEKCA Ha OCHOBE CTPYKTYPHO-AePOPMaLMOHHOMO
aHanmaa No Marepuanam cecmopassenxku 3D.

B pamvkax nccnegoaHnin MpoBeagHbl paboTbl MO
KapTUPOBaHMIO 30H TPELLIMHHBLIX KONIEKTOPOB Ha
nnowaan. beina BeinoNHeHa cneuvanusnpoBaHHas
0bpaboTKa MoJIEBLIX CENCMOPAa3BEA0HHbIX MaTEPUAIOB
3D, Ha ocHOBe CTPYKTYPHO-AehOPMaLMOHHOIO aHanmsa
MOCTPOEHa TPELLMHHO-6/10KOBas MOAENb B Mpeaenax
MCCNeayeMOoro y4acTka, 30HbI TRELMHOBATOCTH
KnaccuuuMpOoBaHbI MO PeXX1Mam akTBU3aLMN 1
BbIP2XXEHHOCT B AMHAMUYECKIX MapaMeTpax B LIENIEBOM
VHTepBasie DaXKeHOBCKO-abanakCKoro KoMiekca.
[NpoaHanM3npoBaHa NCTOPUS OCBOEHUS 1 MPOMbICIIOBbIE
XapaKTEPUCTUKN CKBEXKMH, BCKPbIBLUMX KOMMIEKC. Bbinmn
BblpaboTaHbl pEKOMEHAALIM MO AaSIbHENLLIEMY OCBOEHMIO
MECTOPOXKAEHNS, BKIIOHaroLLMeE B cebs nposeaeHne ' TM
B y>Ke MPOoBYPEHHbBIX CKBaXKMHAX, COCTaBfieHa Cxema
pasMeLLEeHNs [OObIBAOLLMX CKBEXKMH.
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is still in early stages. The reason for this is because
reservoirs at the Bazhenov have a complex structure and
require a detailed study of deposit distribution patterns
and composition. During the extensive drilling program in
the 1990’s, reliable formation testing and well stimulation
methods were unavailable, which in a number of cases
might have led to negative test when in fact commercial oil
was present.

In any case, no proven technologies existed at the time to
develop reservoirs of this type. All of these were the major
obstacles faced when trying to develop the Bazhenov.

In 2011, based on structural deformation analysis of 3D
seismic data, an experimental study was undertaken to
understand and forecast the Bazhenov-Abalak, a system
fractured-cavernous reservoir development zones at
Palyanovskaya field. As part of the study, the fractured
reservoir zones were mapped. Through specialized
processing of 3D field seismic data, and based on
structural deformation analysis, a fractured-block model for
the research area was created. The fracture zones were
categorized based on activation and intensity of dynamic
parameters within the target interval of Bazhen-Abalak
system. Production parameters were analyzed, as was the
history of the historical wells. From this, recommendations
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[NonyyeHHble pesynsTaTbl MO3BOVAN BbIOENNTE B
npefenax 30Hbl, N3y4eHHon 3D cerncmMmopasBenkon,
TPELLUMHHO-0T0KOBYO CTPYKTYPY [ManbaHOBCKOM
nnouwaan, obpasoBaHHyO0 OBYMS CUCTEMaMK Pa3pbiBOB,
NPELCTaBAALLMX EOMHYIO FreHepaLmio 1 06pasyroLLmx
yCTOM4MBbIE TEKTOHOMApPSI. [lepBas cuctema paspbIBOB
nMeeT cybmepuanoHanbHOe NPOCTUpPaHne, BTopas -
cybLumpoTHoe. Pasmepbl 06pa3oBaHHbIX CyOLMPOTHOM U
cybmMepmnamnoHanbHOM cnuctemamm 610KOB COCTaBNAKOT B
cpenHem okoso 750 METPOB.

[nsa 06enx cucTeM paspbiBOB XapaKTepHa
NPUYPOYEHHOCTL X K MPUOCEBLIM y4acTKam
MONOXXNTENBHbBIX CTRYKTYP, YTO ABNAETCH
NHOMBMOYaNbHOM 0COBEHHOCTBIO CTPOEHUS
MECTOPOXXOEHNN B 3TOM YacTh KpaCHONEHNHCKOIo
ceoga. K pasnomMHbIM y3nam B npegenax nogHATUIN
NPUYPO4EHbI NIOKasbHbIE MakCUMYyMbl aMMNUTY L
NOAHATUNA.

OnbITHO-NPOMBILLIEHHbIE PABOTLI HA MIOLWAAN HaYaIMCh
oceHbto 2012 roga, korga 6biio PpaCKOHCEPBMPOBAHO
NSATb paHee NPOBYPEHHbBIX CKBaXKMH. 3aTeM KOMMaHUS
npucTynuna K 6ypeHno HOBOW MONCKOBO-OLIEHOYHOM
CkBaXkMHbI Ne 153, 13 KOTOpOI 6b11 0TOBPaH KEPH.
ConocTtasneHne Noy4eHHbIX Pe3yNbTaToB C
VIMEIOLLIIMMCSA JaHHbIMU N0 OCBOEHMO nnacTa FOK '
0aeT OCHOBaHVe yTBePXKAaTh, YTO Ha [anbsiHOBCKOM
JIMLIEH3NOHHOM YHYaCTKe, TaK XXe Kak 1 Ha paHee
N3y4eHHbIX MecTopoxxaeHnax XMAQO, rnaBHbIM
hakTopoM, onpenenstoLmMM NPOLAYKTUBHOCTb CKBaXXWH,
SABNSETCS TPELUMHHO-60KOBasi CTpyKTypa. Hanbonbline
HadanbHble 0eONTbl XapakTepHbl 019 CKBaXXMH,
PaCMONOXeHHbIX Ha paccTosaHumM MeHee 100 MeTpoB OT
OCEBbIX 30H TPELLMHOBATOCTU U PasfoOMHbIX y310B. B
4acTHOCTW, B ckBaXXMHE Ne 153 6bif1 MOyYeH NpUTOK
HedTW, NpeBbiwaroLLmn 80 T/CyT.

B pesynbTaTe BbINONHEHHON TUNM3aLMK paspesa no
KEPHOBOMY MaTepuany B 6aXKeHOBCKOWM CBUTE MO
LLIECTU CKBaXKMHAM BbISIBJIEHO HU3KOE COAEp>KaHme
paguonsapuToB. CyMMa NpoCioeB pagnuonspuToB
cocTaBnsieT nopsiaka 0,4 M 0T BCEro oTobpaHHoro
KEPHOBOIO MaTepuana no GakeHOBCKOM CBUTE MO
ckBaxkmHe Ne 153, a mo ckBaxkmHe Ne 601 — eLle
MeHbLUE. [103TOMyY CBA3bIBaTb MPOCION PaaNONSpPUTOB
N KapOoHaTN3NPOBAaHHbIE MPOCIION, KOTOPbIE MOy T
SABNSATbCA NOTEHUMABHBIMU HETECOAEPKALLMN
KONNeKTopamMu, ¢ HedTeHaCbILLEHHBIM OO BEMOM

HeT ocHoBaHWI. B kavecTBe ob6bema ocTaeTcs
paccMaTpuBaTh TRELLMHHYIO COCTaBNSoLLYytO. Becero B
OTNOXKEHMAX BAKEHOBCKOWM CBUTbI (HUXKHEN MOACBUTDI)
ObI10 BbIAENEHO CEMb OCHOBHbIX IMTOTUMOB (PUC.2).

B npenenax ceBepo-BOCTOHHOM YacTu [anbAHOBCKON
nnowaaw nnact tOK -tOK ' 3aneraeT B nHTepsase
abCOMOTHBIX OTMETOK 2216-2414 m. [NnacT
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were given for field development in terms of well workover in
existing wells, and where production wells should be drilled.

The fractured-block structure of the Palyanovskaya field
was formed by two fault systems and form stable tectonic
pairs. This was identified based on 3D seismic results for
the area. The first fault system is submeridianal, the second
is sublatitudinal.

The size of blocks formed with submeridianal and
sublatitudinal systems average about 750 meters.

Both fault systems are confined to axial zones, which is an
individual characteristic of field structures in this part of the
Krasnoleninskiy arch. Local maximum elevation amplitudes
are confined to fault centers within elevations.

Pilot production at the field started in the fall of 2012, when
5 already drilled wells were reentered. Following this, the
company then commenced drilling at appraisal well Ne 153
and sampled its core.

When comparing the results obtained from the core sample
with the data for the YuKO1 reservoir, the data gives
grounds to the claim that the fractured block structure is
the determining factor for production capacity of wells at
Palyanovskaya field, as well as other earlier explored KMAO
fields. The largest production rates are seen in wells located
less than 100 from axial fracture zones and fault centers.
For example, well Ne 153 demonstrated oil flow exceeding
80 t/day.

Categorization of the core samples in the Bazhenov suite
demonstrated low radiolarite content for six wells. The

total thickness of radiolarite interlayers was about 0,4 m
from all core samples at Bazhenov suite for well Ne 153,
and was even less for well Ne 601. On this basis, we have
no grounds to relate radiolarite, and potentially oil-bearing
carbonatized interlayers to the volume of potential oil
production. Bearing this in mind, we can consider that the
fracture component is the source of potential oil production.

A total of seven main lithotypes were identified for Bazhenov
suite (lower subsuite) in deposits (fig.2) of the YuK -YuK '
reservoirs in the north-eastern part of Palyanovskaya field,
and are found between 2216 & 2414 m below sea level.
The formation represents a compartmentalized reservoir
consisting primarily of secondary interstices. Lithologically,
the YuK,-YuK,' reservoir primarily consists of argillites with
carbonate interlayers.

The overall thickness of YUK -YuK' reservoir averages

25,7 m; with a maximum thickness of 28,5 m which was
recorded for well Ne 23 in the south-western part of the
field. The minimum reservoir thickness is 21 m and is found
in well Ne12338 in the western part of the field. There is a
certain pattern to the reservoir thickness which depends on
the structural plan.
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Principal Lithotypes for Well Ne 153

Black argillite finely elutriated, thin layered schistose mudstone with silky fracture

] Key:
Brownish-grey, unlimed, thin-layered “radiolarite” (siliceous rock*)

Kerogen-carbonaceous-
clay solid. The principal
carbonaceous-clay mass
(reacts to acid), lenticular
carbonate-composed
masses, formed by colonial
organisms are found.

Black to dark grey argilite,
finely elutriated, thin layered
with brownish-grey interlayering
radiolarites (5 to 20 cm)

4 Contact
P4 =P '
; with PZ — .
:"‘ 1 Black thick layered argillite, siliceous (?, )W|th
scattered interlayers of shelly detritus. Pyrite is
H:.: founf here.
1 Quartz-biotite shale, white with fibrous-maculose texture, emphasized by
e T

" brownish-black color. The rock is hard, strong, heavily pyritizied along fractures

- Black sheeted argillite

Brownish-black argillite with
layered pyritization

- Layered radiolarite

Argillite Thin layered argillite with layered
brownish, thick “radiolarites”
layered with

Siliceous-clay rock with lenticular
velvety fracture. i i i inclusions of limestone (along
Strong “radiolarite”)
laminated -
pyritization .- Kerogen—carbonaceous—clay rock

Siliceous argjillite with scattered
interlayers of shell detritus

- Clay-silty rock with glauconite

Basement rock
— quartz-biotite shale

Siliceous-clay dark brown rock with
large lenticular masses of limestone
are found (along “radiolarite”)

Siderite-siliceous-clayish rock.
Sideritization is both scattered

and localized as inclusions and
interlayers; sideritization is less
towards the bottom of the layer.
Siderite interlayers are a few cm thick

Figure 2: Lithological column and lithotype characteristic for well Ne 153 at the Palyanovskaya field

npefcTaBeH pacHieHeHHbIM KOIIEKTOPOM,
COCTOSILLMM MPEUMYLLIECTBEHHO 13 BTOPUYHBIX MyCTOT.
B nutonorndeckom otHoleHnn nnact KOK -tOK !
VIMEET MPEenMyLLIECTBEHHO aprIMTOBbIN COCTaB C
npocnonkammn KapboHaToB.

Obulas TonwmHa nnacta tOK -HOK ' B cpepHem
cocTaBnseT 25,7 M, MakCMaribHas ToMWMHa paBHa
28,5 M, 3adhukcrpoBaHa B CKB. Ne23P B toro-sanagHom
4acTu yyacTka. MrH1UManbHas TonWyHa nnacra
cocTaBngeT 21M, oTMmedeHa B ckB. Ne 12338 B 3anagHowm
4acTu MecTopoXXaeHusi. HabntopaeTcsa onpeaeneHHas
3aKOHOMEPHOCTb B M3MEHEHWW TONLWWHbBI NacTa B
3aBMCUMOCTM OT CTPYKTYPHOrO naaHa.

Mo pesynbTatamM KOMMIEKCHOW NHTEPMPETALMN OAaHHbIX
reoNHMOPMALIMOHHOM CUCTEMBI, 3DMPEKTVBHAA TOSLLMHA
nnacta FOK -tOK " nsmeHsietcs B npegenax ot 0,6 m
(ckB. NedB3P) 00 9,8 M (CKB. Ned2P), ymeHbLLAsACH B
LeHTpaIbHOM YacTu 1 YBENNYMBASACH B HanpaBieHM
nepudepunn. CpegHeB3BeLLEHHAS MO NnoLLaan
ahekTmBHas TonmHa nnacTa KOK -tOK ' cocTasnseT
5,8 M. OdekTrBHaA HehTeHaChILLIEHHAs TONLLMHA
VMEET TE XXe XapaKTEPUCTUKN, YTO 1 SPIEKTUBHAS.

Ha cerogHAWHWA aeHb ans MNanbsHOBCKOM
naoLaan NprUMeHnMa ToNbKo ofHa rmnoTesa

ROGTEC

Based on the results of GIS data interpretation, the net
thickness of reservoir YUK -YuK' varies from 0,6 m
(well Ne 463P) to 9,8 m (well Ne 42P), and decreases

in its central part, and increases towards the margins.
Then average reservoir thickness is 5.8m, and the net
oil pay thickness has the same characteristics as the net
reservoir thickness.

As of today, only one hypothesis related to distribution of
pay zones is applicable, and that is to target clusters of
“corridor” fractures. In the model created for Palyanovskoye
field (fig.3), the main fluid-bearing fault zones from the
pre-Jurassic complex to the Frolov suite run parallel to
distribution of sub-Urals force line system. When analyzing
the ail follows and production data this concept is
confirmed.

The next steps in developing this project will include further
drilling at the field. We are looking to drill a well in the near
future to uncap the center of the intersection between the
submeridianal and sublatitudinal striking fracture zones.
The well will be located in direct proximity to the north-east
striking fracture zone, which based on the data, is promising
in terms of potential production. We are planning a second well
to uncap the fracture zone intersection, but at lower hypsometric
levels, and a third well will be drilled at the intersection of the
north east fracture zone, similar to well Ne 153.
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PucyHok 3: KoHuenTyanbHasd Mogesb [anibaHOBCKOro MECTOPROXKAEHM

pacnpoCTpaHeHns NPOOYKTUBHBLIX 30H — 3TO
dhopmupyoLe KnacTepbl «KOPUOOPHbIX»

TPELWMH. B MOCTPOEHHOM KOHLEeNTyanbHOW

MoAenm MNanbAHOBCKOro MECTOPOXAEHNA (pnC.3)
OCHOBHble MPoBOAsLLMeE 1 DIIOMO0COAERPKALLME
pPasfioMHble 30HbI OT OOKPCKOrO KOMMAeKca 0
pPONOBCKOM CBUTbI HanMpaBeHbl NapanienbHo
pacnpocTpaHeHno cybypanbCcKoro nakera
CWUNOBbIX NMHWI. BbINONHEHHbI aHanM3 CTapTOBbIX
0ebnToB 1 HakonfeHHas 0obblva NOATBEPXKAAET
paccMaTpMBaEMyo KOHLIEMLNIO.

CnepyloliMm LLarom B peanuaaummy NnpoekTa cTaHeT
NPOOOMKEHNE BYpPEHNA CKBaXKMH Ha y4acTke Ol1P.
OaHOWM CKBaXKMHOW MpeanonaraeTcsa BCKPbITb Y3en
nepeceveHnsi 30H TPELWMHOBATOCTU LUMPOTHOIO U
cybMmepuamnoHanbHoro NnpocTupanmsa. CKBaxkmHa
OyOeT pacnono)eHa B HEMOCPEACTBEHHOW 6M30CTU
OT 30HbI TPELLUMHOBATOCTU CEBEPO-BOCTOYHOIO
NPOCTUPaHNS, C YeM CBsI3aHbl MPEeaNOChIIKLA AN

€€ BbICOKOW MPOAYKTUBHOCTU. [pyron CKBaXK1MHOM
npegnonaraeTcs BCKPbITb y3e nepeceveHus

30H TPELLMHOBATOCTN, HO HA MEHEE BbICOKUX
rMNCOMETPUYECKMX OTMETKAX. TpeTbsl CKBaXKnHa
OyneT npobypeHa Ha y3ne nepece4eHns 30H
TPELMHOBATOCTN CEBEPO-BOCTOYHOIO MPOCTUPAHNS,
Kak 1 ckBaxkmHa Ne 153. lNpun aTOM y4acTok BypeHusa
HaxoanTCcs Ha Bofee HU3KUX MMNCOMETPUYECKNX
OTMEeTKax 1 COOEePXUT CpeaHEOPCKME OTIOXKEHNS.
[NpoBeneHnEe HEOOXOONMOrO KOMMeKca
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Driling layers located at lower hypsometric levels contain

pre-Jurassic deposits, and carrying out the relevant research

in three new wells will provide data to evaluation reservoir

properties and their production data. This will help provide the

information needed to overcome challenges that include:

» Lack of clear understanding about the reservoir, its
lithology and capacity properties, and unknown reserves;

» Lack of fracturing indicators as well as information on
density and size of fractures;

» Lack of reliable data on current operating wells and little
understanding of the net pay thickness and filtration;

» Steep declines in previously operated wells and therefore
no reservoir models for comparison;

» Unknown influence of withdrawals to the density of
remaining reserves and formation pressures
(consequence of points 1 and 2).

The key objectives for the next stages of filed development
are to drill higher elevations, sidetracking, testing horizontal
drilling and multistage fracturing technologies as well as
testing chemical and physical well stimulation methods.
For some of the wells at the Frolov, Bazhenov and Abalak
suites, we plan to carry out core sampling, geophysical
research and dynamic well testing.

In summary, it is safe to say that development of shale oil
at Krasnoleninskoye field is moving in the right direction.
Moving forward unconventional field development will help
to extend the lifecycle of our conventional fields and indeed
the experience we have gained at the Palyanovskaya field
will be useful for new projects.
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Figure 3 : Palyanovskoye deposit Conceptual model

MCCNeOoBaHU B TpeX HOBbIX CKBa>XMHaX MO3BOJINT
nony4vnTb OaHHble OJ1A OUEeHKW CbI/IJ'IpraLI,I/IOHHO-
EMKOCTHbIX CBOWCTB njiacTa, a onbIT nx aKcnnyataunm
MOMOXET YTOYHUTb I/IHCbOpMaLI,I/HO MO HECKOJbKNM
Ba’XHbIM acnekTtam, TaknM KakK:

» OTCYTCTBME HYETKOIO NnpencTtaBsieHNA O KOJIIEKTOpPeE,
€ro NNTONOMMU U EMKOCTHbBIX CBOMCTBAX, Kak
CNeacTBME — O HEOMPEOEeNEHHOCT 0bbemMa 3anacos.;

>,

M

OTCYTCTBME ornpepaeneHnii TpeLmHoBaToCTH,
NHOPMALIMM O MAOTHOCTA 1 pasMepe TPELLVH;

» HU3KOE YUCNO OOCTOBEPHbIX UCCNEAOBaHNUN
paboTatoLLMX CKBaXKMH, OTCYTCTBUE MHGopMaLIn 06
3P PEKTNBHON MOLLHOCTW MIAaCTOB U
hUNbTPaUMOHHBIX CBONCTBAX;

» peskoe NafeHve Oebuta aKCnIyaTMpOoBaBLIMXCS
CKB&XXVH, U KaK CNeACTBNe — HEMPUMEHUMOCTb B
pacyeTax MoAenn HeorpaHM4eHHOro NnacTa;

» HEeW3BEeCTHasi CTEMEHb BMSAHMS OTOOPOB Ha
NNOTHOCTb OCTATO4HbIX 3aracoB U NAacToBOE
OaBneHve (cneacteme NyHKToB 1 1 2).

3ajadent cnenyoLMX 9TanoB PasBUTUS NMPoeKTa
CTaHeT OLeHKa BO3MOXHOCTUW NPOBeIeHNs
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Fault zones coinciding with regional submeridianal

%, Tectonic faulting detected by seismic data

[ Deposits represented by dark-grey argillite-like clays,
bituminous to various degrees, sometime carbonaceous
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Tyumen suite pinch-out — Proposed oil migration
zone paths

Yry6neHnin CKBaXKMH C BblilLenexxallmx ropusoHToB,
3apeska DOKOBbIX CTBOMOB, anpobauns TeXHONorum
FOPU30OHTANBHOIO BYPEHUSA N MHOFOCTAAUNHOMO

P, a Takxe TexHonorun ONP no MHTeHCKUKaLMN
paboTbl NacTa XUMUHECKUMU N DPUSNHECKMN
MeTodammn. Ha HEeKOTOPbIX CKBaXKMHAxX MiaHnpyeTcs
npoBeaeHe pacLUMPEeHHOro KoMnaekca
nccnenoBaHuin (0Téop kepHa, NMC, TANC) no rpynne
nIacToB PPONOBCKON, HAXKEHOBCKOM 1 abanakcKowm
CBUT.

[NopBoast TorK NpoaenaHHoOm PadoTbl MOXHO
cKasaTb, YTO MPOEKT pa3paboTKy 3anexeln cnaHLeBon
He T Ha KpaCHONEHUHCKOM MECTOPOXKAEHUM
pasBMBaAETCH B MPaBWbHOM HanpasieHun. B
oynyuiem adhdexkTBHaA paspaboTka HETPAAULNOHHbBIX
3anacoB yrneBoAopOa0B NO3BOMNT CYLLECTBEHHO
NPOAUTbL CPOK 3KCMlyaTaunm TPaaNLMOHHbIX
MECTOPOXAEHNN KOMMaHUK, a Nosy4YEeHHbIN Ha
[ManbaHoBCKOM Nowaan onbIT 6yaeT BOCTpeboBaH B
pamMKax HOBbIX MPOEKTOB.
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