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ba>keHoBCKINe BbI30OBbI
The Bazhenov Challenges
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«["a3npom HedpTb» peannayeT TEXHOJIOMMYECKYIO
cTparervio paspaboTkun HeETPaOMLMOHHBIX 3aracos

Gazprom Neft Implements Technology Strategy for
Development of Non-conventional Reserves

Codwvist BopurHa

Pa3paboTka 6a>KeHOBCKOM CBUTbI — OHa 13 OCHOBHbIX
cTpartern4eckmx 3agad «asnpom HedhT» B CPEAHECPOYHOM
nepcnexkTree. Ee ycnewHoe peLleHne Hanpsamyro 3aBUcuT
OT TEXHOJTOMMYECKOrO Pas3BUTUS KOMMaHUM
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Sofiya Zorina

Development of the Bazhenov formation is one of the key
strategic objectives of Gazprom Neft in the medium term.
Success in achieving this objective directly depends on the
company’s technological development.
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B 2014 rony faBHO 03BYyYeHHbIE MyiaHbl MO OCBOEHMIO
HETPaaULIMOHHBIX 3anacoB B «[ a3npoM HedTU» 0bpesu
LMPPOoBOE BblpaxkeHve: K 2025 roy KOMMNaHms
HamepeHa 0obbIBaTh 13 bavkeHa nopsaka 2, 5 MH TOHH
YreBOOOPOOOB B rof, a HakomJIeHHasd 4obbl4a K 9TOMy
BPEMEHM OO/MKHA NepeLlarHyTb Yepe3 OTMeTKy B 15 M/H
TOHH. [pKr 3TOM NpegnonaraeTcs, YTo pecypcHasa 6asa
NoArOTOB/IEHHbIX K PaspaboTKe U3B/IEKAEMbIX 3anacoB
Hed TV 13 BaXKEHOBCKOW CBUTLI cocTaBuUT 6onee 400 MH
TOHH. OgHaKo pac4yeTbl MOKa3bIBaAKOT, YTO 3a BbICOKMNE
nokasartesv NPUAETCS Kak cneayeT nobopoTbes: npu
CYLLIECTBYIOLLIEM YPOBHE TEXHOIOMMYECKOrO PasBUTUS
KOMMaH1n 6axkeH 6oblue 70 MSIH TOHH He OTJacT.

Y70 KacaeTcsa CaMmx reoIorM4ecKmxX 3anacos, To
HapaLLVBaTb PECYPCHYHO 6a3y MOXHO Kak 3a CHeT
OPraHM4YecKoro pocta — PaspaboTKm BKEHOBCKOW
CBUTbI Ha UMEIOLLIXCS Y KOMMaHUW MECTOPOXXAEHVSAX, —
TaK 1 HEOPraHM4YeCcKoro, TO eCTb MPUOBPETEHNS HOBbLIX
NepCcneKT1BHbIX y4acTkoB. B 2014 rogy cneunanmcTbl
6noka pasBegku 1 006bI4N COBMECTHO C KOJIIEraMmu

13 HayuHo-TexHn4eckoro LeHTpa (HTLY) v genaptameHTa
cTparervn 1 MHHOBaLM «["a3npomM HedT» OLIEHNA
SKOHOMUHECKYHO LIENIECO0BPA3HOCTL Pa3BUTUS MO BCEM
BO3MOXXHbIM BapuaHTam. B pesynstare 6o BbloeeHbl
LeSieBble AManasoHbl CTOUMOCTU CTPOUTEIECTBA CKBaDKVH
1 1x ByayLmx 0edutoB 1 chopMyIMPOBaHbI OCHOBHBIE
TEXHOSOMNYECKIME BbI3OBbI, MPEOA0SIEHNE KOTOPbIX
CYLLIECTBEHHO MOBBICUT PEHTaBEbHOCTb MPOEKTA.

«BadkeH — 3TO TEXHOMOMMYECKUIM NPOEKT, — CUUTAET
reHepasbHbI AMPEKTOP XaHTbl-MaHCUIMCKOro
HedTerazoBoro cot3a, PyKOBOOUTENb MPOEKTHOrO
oduca ,baxeH" Knpunn CtpuxkHeB. — BaxkeHoBckast
CBUTa NOKpbIBaeT BCo 3anafHyto Cnbupsb, n
MNPaKTUYECKM BE3OE MOXHO OOHAPY>KUTb Cnedpl
yrneBooopoaoB. Ho HavaTe KOMMeEpPHYeCKyto JoObIHY
MO>KHO, JLLIb PELLMB ONPedeNeHHbIE TEXHONTOMMHYECKME
3apa4n. Mbl BbIOENNNN B OTOEbHbIE MPOEKTLI NATH
OCHOBHbIX BbI3OBOB. 119 MOMyHeHWs MOMOXUTESNIBHOMO
3KOHOMUYECKOrO apheEKTa HY>KHO peasin3oBaThb Kak
MUHMYM YETbIPE N3 HUX».

NHHOBaLMKM BMECTO OUKUX KOLLEK

Havano peanuaauumn noboro npoexkra B Aobblve
npeaBapsieT NoMCK OTBETOB Ha ABa Bonpoca: «[ e
nobbiBaTh?» U «CKOMbKO yoacTcsa Aobbib?». B cnydae ¢
OarkeHOM TOYHOCTb 3TUX OTBETOB 0COO0 BabkHa, Tak Kak
HanMpPsaMyHo CBA3aHa C OObEMOM 3aTpaT Ha OaSIbHENLLIYIO
pa3paboTky. Nporpamma TEXHOMOMMYECKOro PasBnTUs
npeaycMaTprBaeT BbiNOIHEHME OBYX MPOEKTOB,
MpU3BaHHbIX 001erYnTb OLEHKY NMoTeHUmaa 4o0bl4n Ha
TEX VN UHBIX IMLUEH3MOHHbBIX yYacTKax.

MepBasi TEXHOOrVIS, Y>Ke co3faHHas B «beTa-
BEPCUM», — TEXHOOMMS MPOrHO3a NePCNeKTUBHOCTM

www.rogtecmagazine.com

In 2014 plans to develop non-conventional reserves which
had been announced in Gazprom Neft some time ago
were quantified: by 2025 the company intends to produce
some 2.5 million tonnes of hydrocarbons a year from the
Bazhenov formation while accumulated production

by that time should exceed 15 million tonnes. It

is expected that the resource base of oil reserves
prepared for development, and recoverable from the
Bazhenov formation, will exceed 400 million tonnes.
However, the calculations indicate that one would

have to strive to achieve such high indicators: based

on the current level of the company’s technological
development the Bazhenov would not produce more
that 70 million tonnes.

As far as the in-place reserves are concerned, the
resource base could be increased either by organic
growth, i.e. by development of the Bazhenov formation in
the fields available to the company or by inorganic growth,
i.e. by acquisition of new prospects. In 2014 specialists
from the Exploration and Production Block together with
their colleagues from the Research and Development
Centre and the Gazprom Neft Department of Strategy
and Innovations evaluated the economic feasibility of
development based on all possible options. As the result,
price ranges of well construction costs were identified, as
well as their future production rates and key technological
challenges. Solving such challenges will considerably
improve the project economics.

“The Bazhenov is a technology project”, believes Kirill
Strizhnev, General Director of the Khanty-Mansi Oil and
Gas Union and Manager of the Bazhen Design Office.
“The Bazhenov covers the whole of Western Siberia and
traces of hydrocarbons could be discovered everywhere.
However, commercial production could only start provided
certain technological challenges are resolved. We
identified five main challenges and divided them into single
projects. At least four of those challenges will need to be
resolved to achieve economic benefit”.

Innovations Instead of Wild Cats

Before implementing any production project it is necessary
to obtain answers to two questions: “Where should we
produce from?” and “How much will we manage to
produce?”. In the case with the Bazhenov the accuracy

of these answers is particularly important as it is directly
associated with the costs of further development. The
programme for technological development envisages
implementation of two projects aimed to make an
assessment of production potential in specific license areas.

The first technology already created in the Beta version is
the technology to forecast potential oil and gas presence
in the Bazhenov deposits. It will prove essential when the
Gazprom Neft resource base is extended by inorganic
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HeddTEra30HOCHOCTN BaXKEHOBCKIX OTJIOXKEHUIN.

OHa oKaXKeTCs He3aMEHUMOW NMPW HEOPraHNYECKOM
pacLlnpeHnmn pecypcHom 6a3bl «[asnpom HedTn»

— MOWCKE N OTOOPE HOBbIX MECTOPOXAEHUA —

N MO3BOJIUT COIKOHOMWTL 3a CHET COKpAaLLEHNS
06bEMOB HEODXOONMbIX Fe0/10ropasBefoYHbIX PaboT.
CospgaHne COOTBETCTBYIOLLEro «codTa» —PaCcHETHOIo
MOAYS AN KA4YEeCTBEHHOMO U KOSIMYECTBEHHOIO
PaHXNPOBaHUSA TEPPUTOPUI — Ha4asoChb eLle
HEeCKOJ/IbKO NeT Hasafd. basoBbii BapmaHT NporpamMmb
y>Xe paspadboTaH 1 CerofHs NpoxoauT anpobauumio
cunamu cneumannctos HTL. B npownom rogy ¢ ee
MOMOLLbIO NCXOAS U3 MPUBNEKaTENbHOCTI Y4aCTKOB
Oblna paHXXmnpoBaHa NPaKTUYECKM BCA TEPPUTOPUS
AHAO 1 XMAO. «Ham ocTtanocb oby4nTb aTy
nporpammy, NPoBepuTb ee PaboTOCNOCOOHOCTb

MO KJIIOYEBBIM TOYKAM, — YTOYHWUIT HAYasTbHUK
yrpaBieHs NPOEKTOB HETPAAULIMOHHBIX 3arnacoB
Hay4HOo-TexHM4ecKoro ueHTpa ,l'a3znpom HedhTn®
Bnagucnas >KykoB. — 151 3TOro HE06X0aMMO
HabpaTb CTATUCTUKY, MOJIYYUTb KakK MOXHO 60/bLLE
NPaKTUYECKNX PE3YNbTATOB, YTO W BydeT caenaHo

B DAvbKanLIMe OBa roga B pamMkax pacLUMpPEHHOM
nporpamMMbl reosloropas3BefoyHbIX PaboT Ha psae
MECTOPOXAEHWN»,

CnenytoLlmin atan — AokanMaaums Mecta go0bl4n Ha
MEePCNEKTUBHbIX MECTOPOXAEHWSIX 1 OnpeaeneHme
TEXHOIOMMHECKMX MapaMeTPOB pa3paboTky (KomdecTBa
CKBaXKMH, UX 3 dEKTUBHOW O/IMHbI, MYCKOBOMO

nebuta, NoTeHUMAaNbHOW HAKOMNNEHHOW A06bIHN

1 7.0.). OTa 3agaya 6yaeT peLlaTbCsa ¢ MOMOLLIbIO
reo/10ro-rmapoANHaMNYECKOro cumMmyaTopa. Han ero
co3daHveM crneuyanmcTbl «[asnpom HedT» paboTaroT
B KOHCOPUMYME C BEOYLUMMU HAYHHbIMW NHCTUTYTaMM
CTpaHbl. MMpOBbLIX aHaIOroB 3TOW PaspaboTke He
CyLLEeCTBYET — 3arnafHble KOMMaHu1, 0o6bIBaloLLVe
CNaHLEeBYO HedTb, MPEANOHYUTaKOT NMPOBOANTL MONCK
HaCbILLIEHHbIX Yr1EBOAOPOAAMM 30H «METOOM ANKOWN
KOLKWN» — C MOMOLLIbIO BYPEHUST CKBaXKMH Haydady. «B
ycnoBusx 3anagHon Crubunpmu — CNOXXHOW NTOMCTKM,
TSOKENOro Kammara, OTCYTCTBUS MHPPaCTPYKTYPbl — Mbl
HE MOXXeM MO3BONTb cebe BypUTb TNLLIHUE CKBaXKMHbI.
37O CANLIKOM A0POro», — nosicHUN Kupunn CTRUKHEB.
Mo cnoBam pyKOBOOMTENSA MPOEKTa, KOMMaHWM

ropasfo BbIrOAHEE MHBECTUPOBATL B YHUKAIbHbBIN
NHTENNEKTYyasIbHbINA MPOAYKT.

B oCHOBY rviopoaMHaMUYeCKOro CUMYISTopa
3aK/1adplBatOTCS re0IOrMYecKe MOAE CTPOEHIS
HaKEHOBCKOWM CBUTbI, BblaeNeHHbIEe MPU3HaKM
HeTerasoHOCTHOCTY NIAcTOB, 3aBUCUMOCTI MEXY
HedTEeHACHILLEHHOCTBIO 1 APYTMM XapaKTepUCTUKaMM
3anexu. MNpoBepka NporpaMmbl ByaeT NPOBOAUTLCA
Ha JaHHbIX reoON3NYECKNX NCCNEeO0BaHNN CKBaXKIH U
KEPHOBbIX NCCNe00BaHNIA, NMOMYUYEHHbIX HA HECKOSBKIX
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growth, i.e by search for and selection of new fields,
and will allow us to make savings due to the reduction
in the geological exploration required. Creation of
respective software - a calculation module for qualitative
and quantitative ranking of territories - was started
some years ago. A basic version of the programme

has been developed and is being appraised by the
Research and Development Centre specialists. Last
year it was used to rank practically the whole territory of
the Yamal-Nenets Autonomous District and the Khanty-
Mansi Autonomous District based on attractiveness of
the areas. “All that is left for us to do is to “train” this
programme and test its efficiency in respect of the key
points”, stated Vladislav Zhoukov, Head of the Non-
Conventional Reserves Projects Directorate of the
Gazprom Neft Research and Development Centre. To
enable us to do that we should gather statistics and
obtain as many practical results as possible. This is
going to be done in the next two years as part of the
extended programme of geological exploration in a
number of fields”.

The next stage is locating production areas in promising
deposits and determining operational parameters for the
development (number of wells, well effective length, start-
up production rate, potential accumulated production,
etc.). This task will be completed by using a geological/
hydrodynamic simulator. Gazprom Neft specialists are
working on developing this simulator in collaboration
with the country’s leading science institutes. There are
no analogues of this development in the world — western
companies producing shale oil prefer to search for
hydrocarbon-saturated areas by the “wild cat” methods,
i.e. drilling random wells. “In the Western Siberian
environment, i.e. complex logistics, harsh climate and
the absence of infrastructure, we cannot afford to drill
unnecessary wells. It is too expensive”, explained Kirill
Strizhnev. According to the project manager, it is far
more profitable for the company to invest in a unique
intellectual product.

The hydrodynamic simulator is based on the Bazhenov
geological models, identified evidence of oil and gas
presence in beds, relationships between oil saturation
and other characteristics of a pool. The programme

will be verified using well logging and core study results
obtained on several Gazprom Neft shale projects such as
the ones implemented in the Palianovskoye and Verkhne-
Salymskoye fields.

Selection of Parameters

Another way to improve the economics of the Bazhenov
development is to reduce the capital costs associated
with well construction and increase well operation
efficiency. First of all this refers to selection of an optimum
technology for the construction of horizontal wells - the
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ClaHuEeBbIX MPoeKTax «[asnpom HedTn», B HAaCTHOCTU Ha
ManbsiHe n BepxHem Canbive.

Bbi6op napameTpoB

Elle oovH BEKTOP MOBbILLEHUST SKOHOMWNYECKOW
pPe3ybTaTUBHOCTU PaspaboTkm 6aKEHOBCKOW CBUTI
— CHWXEHWE KanuTasibHbIX 3aTpaT Npu CTPOUTENBLCTBE
CKBaXXWH 1 nx athdekTnBHas akcnyataums. B

MepByto 04epedp pedb NOeT O NOA6opPe ONTUMASTbHOMN
TEXHOIOMMU CTPOUTEBLCTBA FOPU30OHTaNIbHBIX CKBaXKMH
— eONHCTBEHHO MPOAYKTMBHbIX Ha BaXkeHe B cuiy
cneunukm ero CTPOEHUS. TEXHONOMMN, KOTOPYHO
MO>KHO 6b1/10 Bbl TUPXXMPOBATL HA BCE CIaHLEBbIE
aKTVBbl KOMMaHUW.

OfHa 13 0CobEeHHOCTEN OCBOEHNSA BXKEHOBCKOW CBUTbI
3aK/IH0YaETCH B Tak Ha3bIBAEMOM Y3KOM OKHe BypeHns
— COOTHOLEHNN NNacTOBOro
1 BHYTPUCKBaXKMHHOIO
naBneHus. 113-3a y30CTM OKHa
noadep>xaHme yCTOMYNBOCTU
CTEHOK CKBaXXWMHbl CTAHOBUTCS
npobnemon — gaxe npu
HEOONBLLIOM OTK/IOHEHNN

OT ONTUMasbHbIX BENNYMH
NMIOTHOCTV BYPOBOro
pacTBopa, CKOpOoCTU BypeHns,
OMameTpa CKBaXKNHbI BenMKa
BEpPOSATHOCTb obBana. Bbibop
HaUNYYLLVX TEXHOMOMMYECKNX
napameTpoB OypeHus —
nepBooYepeaHas 3ajada,
PELLNTb KOTOPYH HEOBX0OMMO,
4TOObI paccHMTbIBaTL Ha yCrnex
npv ganeHenwen paspadoTke.
[1obuTbca HEODX0OMMbIX
pPesyNbTaToB 3AECH MOXHO
TONBbKO OMbITHLIM MyTEM. «Mbl
y>Ke Npobypunn Ha 6axkeH

[Be MNOJIorne CKBaXKMHbI C yrinamu HaknoHa 75 1 85
rpagycoB U OSIMHOM FOpPU30HTaIbHOro cteoia 200

1 300 M, — pacckasan HadanbHUK aenapTameHTa
reosnornn 1 paspadoTkn ,['asnpom Hedb TN AnekcaHap
BunnHuyk. — Cnegytouwmin sTan — aBa KUJIOMETPOBbIX
ctBos1ia ¢ yrniom nog 90 rpagycoB. Hawa uenb

— 3T0 ,FOpU30HT" Ha 1500 M. BTO onNTUManbHas
NMPOTSXKEHHOCTb FOPUIOHTASIbHOMO YHaCcTKa CKBaXKMHbI
Onst 6axxeHa C TOYKM 3PEeHUST OKYNaeMocTu v
MUHUMU3aUMN KanuTasbHbIX 3aTpat. Kak TobKO

Mbl HabepeM HY>KHOE KOJIMHECTBO SMMUPUYECKNX
OaHHbIX, Mbl CMOXXEM MOCTPOUTb COOTBETCTBYHOLLIME
TEOPEeTUYECKME 3aBUCMMOCTU N TUPaXKNPOBATb
TEXHOOTUIO Ha NIOBOM MECTOPOXAEHNN»,

Lpyras, He MeHee BaxkHas 3agada — MOBbILLEHME
nebuta CkBaxKMH. B 06LLeM cyyae BbICOKOro gebura
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only productive wells in the Bazhenov formation due to its
special structure. This technology could then be applied
on all the shale fields of the company.

One of the specific aspects of developing the Bazhenov
is the so called “narrow drilling window”, i.e. the ratio
between formation and downhole pressure. Due to
the narrow window, maintaining well wall stability
becomes a problem, even with a small deviation in
drilling mud weight, penetration rate and well diameter,
the likelihood of caving remains high. Selecting the
best technological parameters for drilling becomes

the primary objective which has to be achieved if we
hope to be successful in subsequent development. In
this case the necessary results could be only obtained
by trial. “We have already drilled two low-angle wells

in the Bazhenov with inclination angles of 75 and 85

degrees and horizontal length of 200 and 300m”,
said Aleksander Bilinchouk, Head of Gazprom Neft
Reservoir and Petroleum Engineering Department. “The
next stage is to drill two 1 km holes at a 90 degree
angle. Our target is the “horizon” at 1500m. This is
the optimum length of a well horizontal section for
the Bazhenov in respect of return on investment and
maximum reduction of capital costs. As soon as we
collect a sufficient amount of empirical data we could
build respective theoretical correlations and apply the
technology in any field.”

The other, equally important objective is increasing well
production rates. Generally, high production rate could
be achieved by performing a multistage hydro-fracking,
but in the Bazhenov it is not that simple. Based on

the adopted geological model potentially productive
intervals in the Bazhenov occur as separate streaks

ROGTEC |57



m TPV3

MO3BOASET AOOUTLCA MPOBEAEHNE MHOIOCTaANNHOMO
rmgpopaspeiBa nnacta (MIPI), Ho ¢ 6aXeHOM He

BCe Tak NpocTo. CornacHo NPUHATOW reos1I0rM4eckomn
MOOEM NOTEHUMANBHO NPOAYKTUBHbBIE MHTEPBAnbI
(M) Ha GarkeHe pPacnosIoXKeHbl B NaacTe B

BWAE OTAENbHbIX MPOMNIacTKOB. HT0bObI YC0BUS

ons nposeneHns MIPIM 6biav onTrManbHbIMA
06pa3oBaBLUNECS B pe3yNibTaTe TPeLMHbI OXBaTUIN
MaKCuMasibHytO YacTb niacTa, HEOO6XOAMMO He
NPOMaxHyTbCS BO BPEMS MPOBOAKN CKBaXKMHbI (CM.
cxemy). OWwmnbkM 3geck NprBeayT K 6ecnonesHOCTH
rmapopaspbiBa. PelueHnem sTon npobaembl 4OKHA
CcTaTb pa3padoTka TEXHOIOMMU MOHUTOPUHIA B PEXUME
peasibHOro BPEMEHW FrEOMEXAaHNYECKMX CBOMCTB MOPOL,
¥ yNpaBnieHns pexxnmMammn BypeHns B 3aBUCUMOCTM

OT UX n3ameHeHns. COOTBETCTBYHOLLIMIA KOMIMIEKC
MoHuTOpUHra ckBaxkH LWD (logging while drilling)
CYLLECTBYET W YCMEeLIHO NPUMEHSETCS Nnaepamm
oTpacnn. CerogHsa cneumanncTbl «asnpom HedTn»
COBMECTHO C CEPBUCHbIMU KOMMaHWAMM padoTaroT Hag
ero aganTtaumen K ycnoBmsMm 6a>KeHOBCKOM CBUTHI.

Elle oamH NpoeKT NocBsLLeH HENOCPEOCTBEHHO
CamMOMy MHOFOCTaAMNMHOMY rMapopaspbIBy —
TEXHONOrMM, 6e3 KOTOPOW Aobblya cnaHLUeBOW HeETH
HEBO3MOXKHA. 3[06eCb Takke He0bXoaMMO afanTUpPoBaTb
NYYLINIA MUPOBOW OMbIT K CTPOMNTUBO MyBadKeHy,
OTINHAOLEMYCH CBEPXHU3KOW MPOHNLAEMOCTbIO.

B 06bl4HOM NOHUMAHUN BaxkeH He obnagaeT HU
MOHSATHOM NOPUCTOCTLIO, HU (DUNbTpaumen, NOSToOMy
npuMeHeHne ctaHgapTHoro MITPT, npu KOTopoMm
C0O30at0TCs KPYMHbIE MarncTpasbHble TRELWMHBI, 30ECh
HeadhheKTVBHO. B aToM cnyyae OONONHUTENBHBIV
NMPUTOK OXBAaTUT JIMLLb HECKOJIBKO OECATKOB
CaHTUMETPOB NlacTa BOKPYr TPeLUMH. «BbpkaTe» HedTb
13 6axkeHa MOXKHO TOJTbKO C MOMOLLIbKO CETU TPELLMH,
CO34aHMNe KOTOPON — OTAE/bHbIN TEXHONOMMYECKUI
BbI30B. ECTb Uesbin pag napameTpoB Pl — ckopocCTb
rMapopaspbiBa, PEOIOMMYECKME CBONCTBA XUAKOCTH,
pasmep 1 hopmMa NponnaHTa, nybCUpyroLLee Un
HEenpepbIBHOE BO3-AENCTBME Ha MacT, OT KOTOPbIX
3aBUCUT AM3arH TpeLmHbl. 3anor ycnexa Pl Ha
axxeHe — BepHbIN NOAOOP BCEX 3TUX NapaMeTPOB

«CerogHs MHXXeHepPHbIN pacyeT amsanHoB [Pl Ha
baxxeHe — MpeporaTiBa CEPBUCHbBIX KOMMaHWN,

— pacckasan rnaeHbii reonor ,[asnpoMHedTb-
XaHToca" Muxamnn HYepeBko. — BHellHWe cneuyanmcThbl
onpeaensatoT OCHOBHbIE MapaMeTpPbl MMApopaspbiBa
1 3aTpatbl Ha ero npoeedeHne. OHN OTBeYaroT 3a
pe3ynbTaT. Mbl )Xe XOTUM cOo3aaTb COOCTBEHHbIN
cumynaTop NPl ong ycnosuin 6axXeHOBCKOW CBUTHI.
OTOT NPOAYKT CTAHET OCHOBOW KOMIMIEKCHOM
CUCTEMbI YNPaBAeHNs TEXHOTOrMYECKMMM
npoLueccamy 1 NO3BONNT HaAM KOHTPONNMPOBATb U
cokpallatb 3atpatskl Ha Pl1». o cyTn, 3agaya
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in the formation. To create optimum conditions for
multi-stage fracking and ensure that the resulting
fractures cover the formation to the maximum, it

is important not to miss while drilling a hole (see the
diagram). Errors in this case will render hydro-fracking
useless. The solution to this problem is development of
technology for real-time monitoring of formation geo-
mechanical properties and controlling drilling modes,
depending on the change in these properties. Such
well monitoring system (LWD - logging while drilling)

®oT0o: EBrermin Vi
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is available and is successfully used by the industry’s
leaders. Gazprom Neft specialists together with service
companies are currently working to adapt this system
to the Bazhenov conditions.

One more project is directly dedicated to actual multi-
stage hydro-fracking - a technology without which shale
oil production would be impossible. In this case it also
necessary to adapt the best international practices to the”
stubborn” Bazhenov which is characterized by extra-low
permeability. In the usual sense the Bazhenov does not
have porosity or flow properties which are understood.
Therefore, applying a standard multi-stage hydro-fracking
which creates large main fractures would not be effective

www.rogtecmagazine.com
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NMPUMEHEHWE MMOPOPA3PbIBA M/IACTA B YCJTOBUAX BAXKEHOBCKOW CBUTbI
USE OF FORMATION HYDRO-CRACKING IN THE BAZHENOV ENVIRONMENT

Oxsar MM TpewwmHon — 48% Oxsar MM TpewwmHon — 100% Oxsar MM TpewwmHon — 35%
Coverage PPI crack — 48% Coverage PPI crack — 100% Coverage PPI crack — 35%
MonyanuHa ~200 meTpos MonyanuHa ~140 meTpos MonyanuHa ~100 meTpoBs
Half- length ~200 meTpoB Half- length ~140 meTpoB Half- length ~100 meTpoB
Puick ctona Puvick cTona
Risk of stoppage Risk of stoppage
A A
rny6uHa, m i il
Depth, m | k

Touka uH1LmaLmm
TpewwmHbl MPI
Hydro-fracture initiation point

3100
Xpynkue nHTepBasbl
Brittle intervals
MoTeHumansHo
NPOAYKTUBHbIE
3300 uHTepsans (MNMA)

otentially Producing Intervals

PekomeHayembiln BapuaHT pasMeLLeHnsi ropn3oHTanIbHOro
CTBOMA C MakCumasibHbIM OXBaToM TpeLumHon [Pl
NOTEHUMaNbHO MPOAYKTUBHBIX MHTEPBA/IOB B 30HE,
(xpynkue nHTepsanbl). MMHUMK3aLmsa pucka ctona no
NpUYMHE CMEHbI IMTONIOMMYECKOro cocTasa Nopog.

Recommended option for a horizontal hole placement with
maximum coverage by hydro-fractures of intervals in the area
prone to fracture formation (brittle intervals). Reducing

TpaguumoHHbin MPI — - T : !
eQvHas TpewmHa stoppage risk to a minimum due to change in rock lithology.

Conventional hydro-fracking
—a single fracture

Pl Ha 6axxeH — ceTb TpeLyuH

Hydro-fracking in the Bazhenov — a fracture network

VHdorpadvka: Pambnep VHdorpadvika/AnexkcaHap Bonkos
Infographic: Rambler Infographic/Aleksandr Volkov
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30ecb — MpPeBpaTUTbL NPOoLLEeaypy rmapopaspbisa Ha
POCCUNCKNX CMaHLIEBbIX 3anexax U3 YHUKabHOM ©
OOPOrocTosuen B CTaHAAPTHYO onepaunto. JocTnyb
3TOr0 MOXHO, TOJIbKO HaKOMMB AOCTATO4YHbIA OMbIT
npoeeneHna Ha baxxeHe MIPI ¢ 0gHOBPEMEHHbBIM
MOHUTOPUHIOM TpeLVH. 3Ta obbemMHada 3agada
onepaTtMBHO MOXET ObITb PeLLeHa TOJIbKO B
TEXHOIOMMYECKOM NapTHEPCTBE C CEPBUCHBIMU
KOMMNaHUEMU 1 NPY HayYHOW 1 (OUHAHCOBOW
nogaep>Kke rocygapcrea.

K HedbTemaTepuHCKMM 3anacam

CornacHo CoBpeMeHHbIM NpeacTaBieHNsIM O
reosI0rM4ecKoM CTPOEHNN BaxkeHa, B HEM BbIOeNA0T
[Ba OCHOBHbIX 6/10Ka MOPOA. 370 HedbTEMATEPUHCKIME
nopoapl, CoAep KaLlme KeporeH*, 1 Nnopoabl-
nponaacTKX, cogepXxallme nerkyto HedTb. Mpudem
noCNedHne COCTaBAAOT BCero nopsaka 30%0T BCew
TONWMHBbI BaxkeHa. Takow MeTon CTUMYIMPOBaHUS
njacTta, Kak MHOrOCTaauiHbIA MMapPopPaspbIB,
HanpaBJ/ieH Kak pa3 Ha N3BfevYeHne yrneso0poaoB

13 NPOMNIacTKOB. B TO »xe Bpems HehTemaTepUHCKme
nopoadpl OCTAOTCHA HEAOCTYMHbIMW OS5 CTaHOAPTHbBIX
CcnocoboB A06bI4K. «be3 NpUMEHEHNS AONOMHUTENbHbIX
TEXHONOMMI, HanpaBeHHbIX Ha reHepaLmio
YF1EBOAOPOOOB 13 BAXKEHOBCKOW CBUTbI, Mbl CMOXXEM
oxBaTUTb J00bIYEN, NYCTb U peHTabebHON, 1LLb
HebOMbLUYO YacTb 6axkeHa, — cuuTaeT AnekcaHap
BunmHuyk. — Mpn 9TOM Takue TeXHO0rn
CYLLECTBYIOT U Y>KE YCMELIHO NMPUMEHAIOTCH PALOOM
KOMMaHU Ha ClaHUEBbIX 3anexax». B nepByto ovepenb
peyb MAOET O BHYTPUMNIACTOBOM KaTaIUTUYECKOM
PETOPTUHIE (CM. BpEe3), NO3BONAIOLEM 3HAUYUTESBHO
YBENWYNTL B NJ1acTe TEMMEPATYpy 1 OaBNEHNE U
«BblFrHaTb» HEPTb M3 HU3KOMPOHMLAEMbIX MOPOL.
Mpuyem aTa TEXHONOMNS MOXET NPUMEHSATHLCS

Kak Ha HedhTemMaTepUHCKMX Nopodax, Tak 1 Ha
nponiacTkax nocne nposepeHus PN — ons co3paHus
OOMOSTHUTENbHBIX MUKPOTPELLMH U YBENYEHNUS
npuToka.

OCHOBHOW MUHYC TEXHONOMMM — OopOorosuaHa. s ee
peanu3auy Heob6XxoaMM LEsbl KOMMANEKC HA3EMHOI0
1 MOA3EeMHOro 0bopyaoBaHMs, opraHn3aums
TENNOU30NALUNN CKBaXKUH. TeM He MeHee Mo
npenBapuTenbHbIM pacdeTamM 3Ta TEXHOSIOMNSA MOXET
ObITb peHTabebHOM Npu paboTe ¢ DaKEHOBCKNM
ropr3oHTOM. [1poBepKy pacyeToB «['a3npom HeTb»
OyneT NpoBoANTb COBMECTHbIMU yeunusamm ¢ MAOTH

1 CKOJNIKOBCKUM WNHCTUTYTOM HayKU U TEXHOOTUN,
KOTOpble 06nagatoT nadbopaTopHbiM 0OOPYAOBaAHNEM
019 NpOBeAeHst COOTBETCTBYIOLLMX UCTIbITAHNA Ha
ONMbITHbIX 0b6pa3Lax kepHa 13 6aKEeHOBCKOW CBUTHI.
«Takoro obopynoBaHns OO NOCNeOHErO BPEMEHN

He 6bi10 B Poccun. Tenepb Mbl CMOXEM MPOBECTY
COBCTBEHHbIE MCCNENOBAHNA U cOeNaTb TEXHWKO-
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in this case. Here, additional flow will only come from the
areas around fractures, covering only several tens of
centimetres. “Squeezing” the oil from the Bazhenov
would only be possible by creating a fracture network
which is a technological challenge on its own. There are
a number of hydro-fracking parameters — fracking rate,
rheological properties of fracking fluid, size and shape
of a proppant and pulsating or continuous formation
stimulation — which determine a fracture design. Correct
selection of all these parameters is a formula for
success in the Bazhenov.

As described by Mikhail Cherevko, the head geologist
of Gazprom Neft-Khantos, “Currently engineering
design of fracking in the Bazhenov is a prerogative of
service companies. External specialists determine main
fracking parameters and costs and they are responsible
for the result. However, we want to create our own
fracking simulator for the Bazhenov environment. This
product will become the base for an integrated system
to control technological processes and will enable

us to control and reduce fracking cost”. Essentially,

the objective here is to transform hydrocracking in
Russian shale deposits from a unique and costly
operation to a standard one. It could be only achieved
by accumulating sufficient experience in performing
fracking in the Bazhenov with simultaneous monitoring
of the fractures. This extensive challenge could be

only met in a technological partnership with service
companies together with the scientific and financial
support of the state.

To Source Rock Reserves

Based on the current concept of the Bazhenov
geological structure, two main rock blocks are identified
in the formation — oil source rocks containing kerogen*
and streaks containing light oil. The latter make up
approximately 30% of the whole Bazhenov formation.
It is such a method of formation stimulation as multi-
stage hydro-fracking that is aimed at recovering
hydrocarbons from the streaks. However, oil source
rocks remain inaccessible to the standard production
methods. “Without using additional technologies
aimed at producing hydrocarbons from the Bazhenov
formation, we could only produce from a small part of
the Bazhenov even though this production could be
commercially feasible”, believes Aleksandr Bilinchouk.
“This said, such technologies are in existence and are
already being successfully used in shale deposits by

a number of companies. Primarily, | am talking about
in-situ catalytic retorting (see extract) which enables
formation pressure and temperature to be raised
significantly and expel oil from tight rocks. Notably, this
technology could be used both in oil source rock and
in streaks after performing hydro-fracking to create
additional micro-fractures and increase inflow”.

www.rogtecmagazine.com
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9KOHOMUYECKME PaCHEThI Y>KE KOHKPETHO Mog, OAVH
N3 HaLMX CMaHLEBbIX MPOEKTOB, — coobLmn Kupunn
CtpwxkHes. — Hanblue Bce OyOeT 3aBuUCeTb OT
OKYMaemocTu».

XOTa AOCTVPKEHME NaHOBbIX 0OBbEMOB J00bI4M
HETPAAVLMOHHBIX 3anacoB HedhTu K 2025 rogy BO3-MOXXHO
Y>KE 3a CHET PELLIEHNSA TEONTOMIHECKNX 3a0a4M MOBbILLIEHNSA
3(PIPEKTVNBHOCTM CTPOUTENBCTBA U SKCTyaTaumm
CKBaXKMH, MOVCK HOBbLIX TEXHOOMIN AN BabkeHa — NLLb
BOMPOC BPEMEHN U XXenaHWsa CaenaTtb CAeayroLmi war B
PacKpbITUM M0 OFPOMHOIO MoTeHLMasa.

* KeporeHbl — Mo/MMEPHbIE OpraH4eckue Matepmasisl, KOTOPbIe
PaCrIONIOXKeHb! B TakuX MOpOaax, Kak HEOTEHOCHbIE CliaHLIbl, 11
SABSKOTCS OLHOM U3 (hOPM HETPAAMLMOHHOM HehTy. COormiacHoO
TEOPWIM MOSIBIEHWS OPraHNHeCKUX HEDTIHBIX MaTepUasioB,
OCTaTKV PaCTEHWIV 1 MOPCKMX OPIraHM3MOB 0L BOSAEVICTBUEM
BbICOKVX TeMrepatyp v AaB/eHVS Mpeobpa3yroTcs B MepByro
ovepenb B KEPOreH, 3atem B OUTYM U, HaKOHEL], B HE(HTb U ras.

@@ lMovick 1 BoBMeYeHME B paspaboTky
HeTpauLMOHHbBIX 3anacoB BO MHOMOM OyaeT
onpenensTb passutre « a3znpomMm HeTn» B
CcpedHecpoYHOM nepcnekTmBe. besycnosHo,
paboTa no N3BAEYEHNIO TPYOAHOW HEDTU
NoTPEDYET OT CNELMAINCTOB KOMMAaHUN PELLIEHS
HOBbIX HEMPOCTbLIX TEXHOSIOMMYECKVIX BbI3OBOB.
MbI rOTOBbI K STOMY U y>Ke CErofHs aenaem
YBEPEHHbIE LUarn K siy4yLlemMy noHMaHuo
reosI0rMYEeCKOro CTPOEHUS 3anexen 6aKeHOBCKOM
cBUTbl. B nnaHax — HapallvBaHue pecypcHom
6asbl 3a CHET OPraHNYECKOro 1 HEOPraHM4YeCKoro
pOCTa, pa3paboTka COBCTBEHHbIX TEXHOIOMN
NPOrHO3MPOBaHUSA HEDTEra3OHOCHOCTU 3a/1EXEN
1 reos1I0ro-rmgpoaHaMmyeckoro MoLeIMpPoBaHNs
HETPaANLMOHHBLIX 3arnacoB. TEeXHOJI0MMIN, KOTOPbIE
NMO3BOJIAT HaM 3aHATbL JIMOVPYIOLLME MO3ULUN

B obnactu nsenedeHus TP3oB 1 co3paTtb
OTEYECTBEHHYHO LLKOJTY A00ObIHM CNaHLEBOM

HecpTn. 99

AJNEKCEW BALLKEBIWY,

PYKOBOAMUTENb OMPEKLMN MO
reonoropasBefoYHbIM paboTam 1 pasBUTUIO
pecypcHow 6asbl «'asnpom HedTn»

Matepuan mobesHo npenoctasieH koMmnaHmen OAQ «[asrpom
HepTE» 1 XypHaiom «Cubupckast HeTb»
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The main disadvantage of this technology is the high cost.
Implementation requires the whole complex of surface

and subsurface equipment and thermal insulation of wells.
However, based on preliminary calculations, this technology
could be economically feasible when developing the
Bazhenov horizon. Gazprom Neft will verify the calculations
in collaboration with the Moscow Institute of Physics and
Technology and the Skolkovskiy Institute of Science and
Technologies which have laboratory equipment to conduct
respective tests on the Bazhenov core. “Until recently, such
equipment was not available in Russia. Now we are able

to conduct our own studies and perform technical and
economical calculations specifically for one of our shale
projects”, informed Kirill Strizhnev. “Subsequently, everything
will depend on return on investment”.

Although achieving non-conventional oil production
volumes is possible by 2025 due to resolving the
geological challenge of increasing well construction and
operation efficienc, the search for new technologies for the
Bazhenov is just a matter of time and the wish to make
the next step in uncovering its huge potential.

* Kerogens are polymer organic materials occurring in such rocks as
ol shale and are one of the non-conventional types of oil. Based on
the organic material oil generation theory, remains of plants and marine
organisms, affected by high temperatures and pressure, turn initially
into kerogen, then into bitumen and, finally, into oil and gas.

®® The search and commitment to develop
non-conventional reserves to a large extent will
determine how Gazprom Neft will progress in the
medium term. Undoubtedly, the work to extract
hard-to-recover oil will require the company
specialists to meet new complex technological
challenges. We are ready for this and already
today we are making confident steps towards

a better understanding of the Bazhenov pools’
geological structure. Our plans include increasing
the resource base by organic and inorganic growth,
developing our own technologies for forecasting

oil and gas presence in the pools and geological
and hydrodynamic modelling of non-conventional
reserves. These technologies will enable us to take
a leading position in the area of hard-to-recover
reserves development and create a national school
of shale oil production. 99

ALEKSEY VASHKEVICH,

Head of Gazprom Neft Geological Exploration and
Resource Base Development Directorate
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