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HacTosilas ctatebs nocssieHa paboTte, KoTopas
npogenaHa B komriaHmm «CarsibiM [leTposieym
LesenoriveHT H.B. (Cl)» npw nogrotoBke K NpOeKkTy
OrbITHO-MPOMBILLIIEHHOW SKCrislyaTtaLmm 6axeHOBCKOM
cBuUTbI. PeanvsoBaHHasi nporpamma 1nccieqoBaHuv
[103BOM/IA BbISIBUTH YHVIKA/IbHBIE re0/I0MMHYEeCKme
0COBEHHOCTY BaxKeHOBCKOW CcBUThI BepxHe-CasibiIMCKOro
MECTOPOXKAEHWS, KOTOPAsT M0 CBOEMY MPUHLMINAIBHOMY
CTPOEHMIO OKa3asiaChb OHEHb MOXOXa Ha (hopMaLvo
bakkeH B CLLIA, 4TO faeT BO3MOXXHOCTb €€ pas3paboTku
XOPOLLIO 3apEKOMEHAOBAaBLLVIMY cebsi MeToaamMum.

Beenexue

B nocnenHee Bpems BeayLLme NO3VLMM HOBOCTHbIX
NIEHT BCe Yallle 3aH1MaroT coobLLeHMs 06 ycnexax
HeTpaOULIMOHHOW SHepPreTukn, HapalumsaHve B

CLUA 0obbl4n yrneBogopoa0B BbICOKMMM TEMMaMM

3a CYeT pa3pabOoTKM CaHLEBbIX MECTOPOXKAEHWN
NMoby>)KOAeT CTPYKTYPbI, TaK UM NHAYE CBA3aHHbIE C
3HEPreTUKON, pearnpoBaThb Ha aTo. OOHV BUOAT B 9TOM
YrPO3Y CHYPKEHWNS LIEH HA SHEPrOHOCUTENW, Opyre —
BO3MOYXHOCTb HapaLLyBaHus A00bIHN, TPETb — Hadexay
obecne4nTtb cebe SHepPreTUHECKy0 HE3aBNUCMMOCTb 3a
CYeT COBCTBEHHbIX paHee HEeOCTYMHbIX PE3EPBOB.

ChnaHueBas a3HepreTnka sIBASETCS 3aKOHOMEPHbIM
CNeOCTBMEM BbICOKOIrO CpOCca Ha SHEPrOHOCUTENN,
OrpaHN4eHHOCTY TPAANLIMOHHOM pecypCHo a3kl
OOCTVKEHUSIMN COBPEMEHHOTO TEXHOTOMNYECKOIO
nporpecca. TexXHONorn AodblHM CraHUEBbLIX
YFNeBOAOPOO0B MO CBOEN HAYKOEMKOCTU U
KarnmTaJioBJ1IO>KEHNSAM CPaBHUMbI C MporpamMmmMamMiu rno
OCBOEHMIO KOCMOCa, MOSTOMY OaXKe KPYMHble MUPOBbIE
[00bIBaoLLME KOMMAHWN MbiTatoTCs 06beanHUTL CBOW
YCUIMNA 1 pasaennTb PUCKM AN pas3paboTKy CNaHLUEBbIX
MECTOPOXXOEHWUI, HO 3a4acTyto Aaxxe UM He 0BonTMCh 6e3
[OOJDKHOM rocy4apCTBEHHOW NMOOOEPKKA.

Poccus aBnsieTca 0gHNM 13 NPU3HaHHBIX MUPOBbIX
NMAEpOB Mo Ao6blve HedhTn U ragda, HO UCTOLLEHHOCTb
TPAAULIMOHHBIX MECTOPOXOEHU TPEBYET U3bICKMBATL
HOBYIO PECYPCHYIO 6a3y Mo MacLUTabam COnocTaBUMYHO C
KPYMHENLWMKN paspabaTtbiBaeMbIM/ HETErA30HOCHbIMM
NPOBUHLMAMN. B Ka4ecTBe paBHO3HA4HOM albTepHAaTMBbI
paccMaTprBatdTCA OCBOEHME apKTUHECKOrO Lenbda

N OFPOMHOIO MOTEHLIMAana camon 60MbLLION B MUPE
chaHueBon hopMaLn — 6aXXeHOBCKOW CBUTbI, KOTOpas
pacnpoCcTpaHeHa NPaKTUYECKN Mo BCel 3anagHov
Cnbupwn. Ecnm paspaboTka apkKTU4ecKoro wenbma
CBsi3aHa C co3aaHneM MHAPPAaCTPYKTYPbl B CYPOBbIX
HEMPUrOAHbIX AJ151 MOCTOSTHHOIO MPOXKMBAaHMS YeoBeKa
parioHax, To 6aXeHOBCKas CBUTa pas3BuTa B paioHax co
CNoXMBLLENCS HethTeaoObIBaAIOLLIEN NHIDPACTPYKTYPON,
NPsSIMO Ha TepPUTOPUN paspabaTbiBaeMbIX
MecTopoxxaeHun. E€ oceoenne ana Poccum nmeet
OrPOMHOE COLIManbHOE 3HAYEHME, TaK Kak CHIKEHME
006bl4m HedTU 1 rasa B 3anagHom Crbunpun B NEPBYO

www.rogtecmagazine.com

This article looks at the work performed by Salym
Petroleum Development N.V. for the pilot development
of the Bazhenov Formation. The research program has
helped to identify key geological features of the Bazhenov
Formation of the Upper Salym field, which have helped
define the ways of drilling, completion, field development
and hydrocarbon reserves estimation.

Introduction

Mainstream news has recently been reporting about the
success of alternative energy and oil and gas production
has significantly increased in the US due to the “shale
gale”. This has had a knock on effect to many other
organisations related to the power industry and they have
reacted accordingly. Some people see this associated
energy cost reduction as a threat, others see it as an
opportunity to increase production, and others see this as
a chance to gain energy independence.

The hunt for shale oil is a direct result of high energy
demand, limited traditional resources bases, and the

use of new technology able to reduce production costs.
You can compare the cost of research and technology

for shale oil deposits with space exploration, so it is no
wonder that even the big I0Cs are combining their efforts
in order to share the burdens and risks. Even combined
efforts are sometimes in vain however without due support
from Governments.

Russia is one of the recognized world leaders in the
production of oil and gas, but the depletion of traditional
fields requires the establishment of a new resource base
comparable in its size with the largest producing oil and
gas provinces. Equivalent alternatives are the development
of Arctic shelf, and indeed the Bazhenov Formation, which
is prevalent almost right across western Siberia and is the
world’s largest oil shale formation. The development of the
Arctic shelf needs significant infrastructure development,
and lies in regions with very harsh climatic conditions
unsuitable for permanent human settlements. On the
other hand, the Bazhenov formation occurs in areas with
developed oil producing infrastructure, and indeed in the
territory of producing fields. For Russia, its development

is of great social importance, as the decline in oil and gas
production in Western Siberia will affect the well-being of
many Western Siberian cities and towns in which oil and
gas companies are the major employers.

Because of these facts, the development of the Bazhenov
is being discussed across multiple media platforms,
including scientific, economic and political. When
reviewing the reports, readers would quite rightly end up
bewildered at the inconsistency of figures and estimates.
Light oil estimates in the Bazhenov range from 600 million
to 174 billion tons [1, 2]. As a comparison, the middle of
this range is larger than the total initial geological reserves
of light oil in all known oil and gas provinces of Russia.
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odepenb CKaXKeTcs Ha 61aronosyymi MHOMOYUCIEHHbIX
3anagHo-CUBONPCKMX FOPOOOB N HACENEHHbIX MYyHKTOB, B
KOTOPbIX KOMMaHUM HepTerazoBom OTpacIn ABAAOTCS
OCHOBHbIMW paboToaaTensiMu.

BBunay ocTpol akTyanbHOCTU TeMaTUka BaXKEHOBCKOM
CBUTbI aKTMBHO ODCY>KAAETCst B MPEecce camol pas3Hom
HaMpPaBEeHHOCTW OT Cyrybo Hay4YHOW 40 SKOHOMUYECKOWM
1N NONUTUHECKON. AHANM3UPYS NeYaTHbIE U UHTEPHET-
1n30anHns, y noboro BOyMYMBOrO YMTaTENst OCTasTCs
TONBbKO HEdOYMEHWE MO NMoBoAdY NMPOTUBOREYUBOCTM
NPUBOOMMBIX B HUX LMEP M OLEHOK. Tak, OLEHKM
pecypcHoM H6asbl Nerkom Hedh T Ba>KEHOBCKOW CBUTBI
konebnoTes or 600 MAH. 0o 174 mnpA. TonH [1, 2]. Ona
CpaBHeHWs1, cepeamHa 3TOro auvanadoHa — 310 6osbLue,
4eM CyMMapHble Ha4aslbHble reoIorn4ecKe 3anachl
Nerkom Hed T BCEX N3BECTHbIX HEPTEra30HOCHbIX
NPOBVHUMIA Poccumn BMecTe B3ATbIX. [pyras
OTNNHUTESNBHAA YepTa, KOTOPOW HAAENSOT GaXKEHOBCKYHO
CBUTY, — 3TO OT MuKpoaapcu (10°) oo HaHoaapcu

(10 n paxxe emTagapcu (10719 [3], Mpu 3TOM BO
MHOXXECTBE MyOMKALIA YIIOMUHAETCSt O €CTECTBEHHbIX
(6e3 cneumanbHoOM CTUMYNALMK) HEDTAHBIX (hOHTaHax B
OECATKM N JaXKe COTHN KyBOMETPOB B CYyTKM, MOJTyHEHHbIX
13 6GaKEHOBCKOW CBUTbI B pe3ybTaTe UCMbITaHui [4,

5, 38 n MH. ap.]. Npwn Takom HN3KOW MPOHNLAEMOCTN

1 peanbHbIX BOBMOXXHOCTSIX CO3aHWs Aenpeccun Ha
nnacT NPOCTO (PU3NHECKM HE BOSMOXXHO MOSYy4UTb XOTb
CKOJIbKO-HNOY A 3HaYMMbIE MPUTOKN B MPUHLIMME, HE
rOBOPS Y>K O MOAOOHbIX hOHTaHax.

OTCyTCTBME Y rE0IOrOB YETKOrO MOHUMAaHNS
npobnemaTnky 6axXeHOBCKOW CBUTbI HE MO3BONAET
npenoX1Tb NPaBUTENBCTBY NPO3paYHble
MEXaHM3Mbl CHVXEHWSI HaloroBOW Harpy3Kn Ha
HeOponofib3oBaTeNen, KOTOPblE MOTOBbI OCYLLECTBAATL
paspaboTKy TOSIbKO B C/y4ae, ecnv oHa byaeT
peHTabenbHOM. MNpuynHa B TOM, YTO 3TU OTIOXKEHNSA
BedyT cebsi no-pa3HoMy. B ogHux cnydasax gebutsl
CKBaXKMH OKa3blBaOTCS HACTOSBKO BOMBLUMMU, YTO
HedTb cama 3a CHET MacTOBOW SHEPTUM MOXKET
nocTynaTb Ha CTaHumu HebTecbopa, PacnoNOXKeHHbIe
B [eCATKax KUMOMETPOB OT CKBavKuH. B apyrux,
CKBaXKMHbI HE [atoT BOOOLLE HUKaKUX MPUTOKOB Aaxe
nocie BCEBO3MOXXHbIX OPOrOCTOALLMX CTUMYNALAN,
npu4eM Te 1 apyrie 3a4acTyro NpobypeHbl PSAOM,

B MOXOXXMNX FEONOMMYECKNX YCNOBUAX. Taknm
06pasomM, HELPOMONb30BaTENN U NHBECTOPDI,
nnaHnpyroLne 3aHATLCS PaspaboTKom BaXeHOBCKOW
CBUTbI, CTAJIKMBAIOTCS C OFPOMHBIM MacLUTabom
HeonpeneneHHOCTEN N PUCKOB.

Bnaropapsa peanvaoBaHHOM B kKomnaHum «Canbim
MNetponeym desenonmeHT H.B.» nporpamme
nccnenoBaHvi, yaanoch NOMyYTb OTBETbI Ha KITHOYEBLIE
BOMPOChHI, CBA3AHHbIE C Me0IOMMYECKMMM OCOBEHHOCTSAMM
HarkeHOBCKOW cBUTLI BepxHe-CanbIMCKoro

16 | ROGTEC

Another distinctive feature associated with the Bazhenov
Formation is an extremely low permeability ranging from
a microdarcy (10 to a nanodarcy (10, and even to
femtodarcy (1019) [3]. At this level many publications
reported natural flow of tens or even hundreds of cubic
meters per day (without special well interventions) [4, 5,
38, and many others].

With such low permeability and real possibilities of creating
drawdown it would not be feasible to cause any significant
inflows in principle, say nothing of natural flow.

This lack of a clear understanding by geologists
regarding the problems of the Bazhenov makes it

very difficult for the RF Government to implement tax
breaks for subsoil users willing to develop fields. The
main reason is that the Bazhenov deposits behave
unpredictably. In some instances, production rates are
so high that the oil itself can be supplied to a central
processing facility located dozens of kilometres from
the wells due to the high formation pressure. In other
cases, wells do not flow at all even after multiple and
expensive well intervention operations. Indeed two wells
can often be drilled very close to each other in similar
geological conditions and produce completely different
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MECTOPOXAeHVS. B pesynbTate B KOMNaHUM eCTb YETKOe
BUOEHME CTOSALLMX Nepen Hel 3a4aq Mo BOBNEYEHNIO
HEeMTAHOrO NOTEHLMAaNa aTNX OTNIOXKEHWN B pa3paboTKy v
cthopMmpoBaHa 060CHOBaHHas cTpaTterns ganbHeNLLINX
OEenNcTBUN.

CanbiMCKWii NPOeKT

Komnanus «Canbim MNetponeym Oesenonment H.B.»
(CMNMd) — coBmecTHOE MpeanpuaTue, co3gaHHoe B 1996
rogy Anst ocBoeHus CanbIMCKOWM rpynnbl HETSHbIX
MecTopoXaeHnn B 3anagHon Crbupu. B sty rpynny
BXxoaAT: 3anagHo-CanbiMckoe, Bagenbinckoe u
BepxHe-CanbIMCKoe MeECTOPOXAEHVISA, PACMONOXKEHHDIE
Ha tore XaHTbl-MaHCUNCKOro aBTOHOMHOIO OKpyra
XMAQ). AkumoHepamm Cl aBastoTcs Ha NapUTETHBIX
Havanax KoHUepH «LLlenn» 1 koMnaHws

«[[asnpom HedTb». NonHoMacLITabHas paspadboTka
MECTOpPOXAeHUM Hadanack B 2003 rogy, n B 2011 rogy
npwv akcnnyataumoHHoM choHae 6onee 600 CKBaXKMH
NPOAEH NMMKOBOW YPOBEHb 000bIMM B 8.3 MAH. T HedhTn
B rof. B HacTosuee BpemMsa (OHL CKBaXKMH MPEBbLICISI
820 WwT., 15 N3 KOTOPbIX SBASIOTCA BOAO3AD0OPHbIMU.
OCHOBHbIMW pa3pabaTbiBaeMbiM OO bEKTaMM SBASIOTCA
HDKHEMEIOBbIE OT/IOXKEHNS YepKalLmMHCKon (AG,-

AGC,,) n axckoi cuT (BC,), B OMbITHO-MPOMbILLIIEHHON
SKCIyaTaumm HaXOAATCA TakKe MnacTbl a4MOBCKOM
CBUTHI.

CyTtb nopxopos Cl1[] 3aknto4aeTcsi B TOM, YTOOb!

B3siTb 3@ OCHOBY BCE CaMOe LIEHHOE 1 NMepeaoBoe 13
POCCUNCKOro onbiTa HedTe4o0bI4N 1 COEAVHUTL STO C
NYHLLIVM OOCTUXKEHVISIMU CBOVIX aKLIMIOHEPOB U1 APYIAX
BEOYLLMX HEDTSAHBIX KOMMaHWi. B ntore nosy4aetcs CBON
YHUKaITBHbI MPOAYKT, KOTOPbLIN BbIGENAET KOMMaHWIO 13
obLero vicna HedTeaobblBAOLLMX MPeanpUATUn MUPa.
06 3(hHeKTUBHOCTM TaKMX NOOXOA0B CBNOETENBCTBYIOT
MHOro4YMCIeHHble Harpadbl 1 NpuaHaHna ClM kak

B Poccumn, Tak 1 3a pybexkom B 06/1acT OCBOEHNSA
HeTAHBIX MECTOPOXKAEHUI, OXPaHbl OKPY>KatoLLEN
cpenpl, Tpyaa v 3goposbs [6, 7]. CIN BnepBble

B Poccum 1 nepsoi cpeam KOMNaHum KoHLUepHa

«LLlenn» peanusoBana NoOAHOMaCLUTaOHbIM MPOEKT Mo
BHEAPEHWNIO TEXHOMOMMN «YMHbIX MECTOPOXAEHWUI» Ha
BCEM (DOHAE CKBXKMNH HEDTEMPOMBICSA, COBMECTHO CO
CBOVMM MOAPAAHMKAaMY JOOMNACH BbICOKNX PEIYNbTATOB
B BypeHnn CKBaXKMH (pekopd — 4,54 CyTOoK), CpeaHero
BPEMEHW BBOA CKBaXKMH B aKcrnyataumio (5,48

CYTOK), Mo MeTparky oTbopa kepHa co 100% BbIHOCOM
3a 0HYCMyCKO-MoAbEMHYHO onepaLto (78,93 M), no
BPEMEHW NMPOBEAEHNSA MOTHOrO-KOMIMIEKCA KapOTaXKHbIX
NCCnenoBaHnii B OTKPBLITOM CTBONE (2 Y. 55 MUH.) 1 MH.

Ap. [6].

B HacTosee Bpems komnanua CINO npuctynmna K
peannaumm AByX NUIOTHBIX MPOEKTOB, NMPU3BaHHbBIX
N3MEHUTb NOAXOAbl K cnocobam AoOblHn HedbTU B
3anagHon Cubnpun: NOBbILLEHVSA HEPTEOTAAUN NyTEM
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results. With this in mind, operators and investors
looking to develop the Bazhenov face great risks and
uncertainties.

Due to SPD’s research program, we have answered some
of the key questions related to the geological features of
the Bazhenov formation of the Upper Salym field. As a
result, the company has a clear vision of what needs to be
done to develop this formation, and a viable strategy for
future operations.

Salym Project

Salym Petroleum Development N.V. (SPD) is a joint
venture established in 1996 to develop the Salym group
of oil fields in Western Siberia. This group includes West
Salym, Vadelyp and Upper Salym fields located south
of the Khanty-Mansi Autonomous Okrug. The SPD
shareholders on a parity basis are Shell and Gazprom
Neft. Full-scale development began in 2003, and in
2011, SPD hit peak production at 8.3 million tons per
year through 600 wells. Currently, the company has over
820 wells, 15 which are water source wells. The main
development targets are Lower Cretaceous deposits

of Cherkashin (AC,-AC,,) and Akhsk formations (BC,);
and deposits of the Achimov Formation are also in pilot
production.

The SPD approach is to blend the most advanced
Russian experience of oil production and combine

it with the latest technology from its shareholders

and other leading world oil companies. As a result,
SPD gets a unique product which sets the company
apart from other oil companies around the world. The
effectiveness of these approaches is backed up by
numerous awards and recognition both in Russia and
abroad in the field of oil production, health, safety and
environment and health care [6, 7]. SPD is the first
company both in Russia and among the first in Shell, to
implemented a full-scale “Smart Fields” technology for
the entire well stock and, together with its contractors,
has achieved excellent results in well drilling (the record
is 4.54 days), with the average time of well completion
being 5.48 days, 100% recovery per one run for coring
(78.93 m), an open hole logging time of 2 hours 55
minutes, among many other achievements [6].

Currently, SPD has launched two pilot projects aimed
at changing attitudes to oil production techniques in
Western Siberia: to enhance oil recovery by injecting
chemicals into the formation and to start the pilot
development of the Bazhenov Formation. This article
focuses on the first phase of the Bazhenov pilot project
aimed at resolving high priority geological tasks. Work
started with exploration of the deep horizons and ended
with a model of the Bazhenov Formation deposits of
the Upper Salym field as the most promising for further
development.

www.rogtecmagazine.com
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3aKa4KN XMMNYECKINX PEeareHToB B MNacT W OMbITHO-
npoMblLLeHHON paspadboTkn (OIN1NP) 6axkeHOBCKOM
cBUTbI. [laHHas cTaTbs MOCBsLLEeHa pedyfbTaram
nepBoro atana paboTbl No npoekTy OINP baykeHOBCKOW
CBWTbI, HAMPaBeHHbIM Ha peLLieHne NepBooHepeHbIX
reonorM4eckyx 3agad. Tta paboTta cTapToBana ¢
NNaHMPOBaHWS [oPAa3BeaKN ryBOKUX FOPU3OHTOB 1
3aKOH4YMMack NOCTPOEHNEM Fe0NIOrMHEeCcKon Moaenm
OTNOXEHUIN HAKEHOBCKOWM CBUTbI BepxHe-CanbiMCKOro
MECTOPOXAEHS, Kak Hanbornee NepcrneKTUBHbIX A4S
OanbHenwen paspadoTku.

[lopa3ssefKa rny6oKUX ropu3oHTOB Ha Ganbime

Ha Tepputopun CanbiIMCKOM rpynnbl MECTOPOXAEHNI
B nepuog ¢ 1966-1993 rr. ¢ Lenbko n3ydeHns

FOPCKMX OTSIOXKEHUI MPOBYPEHO 1 0NPO6oBaHO

16 rny6oKMx CKBaXXMH. ITOT MHTepBan paspesa,
npeacTaBAeHHbIN 6aXKeHOBCKOWM, abanakCKom n
TIOMEHCKOW CBUTaMW, UCMbITbIBAICS Ha NMPUTOK
COBMECTHO, B pe3ynbTaTe B OOMbLUNHCTBE CKBaXKMH
nonyyeHbl 4ebuTbl 6€3BOAHON HED TN, KOTOPbIE HE
npesbicunn 10-15 M3/cyT. 3TO ObINN BpemeHa 60SbLLON
3anagHoOCHUBMPCKON HeDTU, MO3TOMY HNU3KOAEOUTHbIE
nnacTbl He U3y4YanMcb A0MKHbIM 06pa3oMm. B
CKBaXKMHaX BbIMNOHANCSA MUHUMANbHbI KOMMEKC
reounan4ecknx NccnegoBaHnii, Kak Npasuno,
HEBbICOKOIO KadecTBa. 3a4acTyto OTCYyTCTBOBaN
6a30Bble METOb! PAAN0aKTUBHOIO N aKyCTUYECKOMO

Supplementary Exploration of Salyms Deep Horizons
Between 1966 and 1993, 16 deep wells were drilled in
the Salym group of fields to explore the Jurassic deposits.
This section interval, represented by the Bazhenov, Abalak
and Tyumen formations, was the subject of commingle
testing; as a result, water-free oil was produced in most
of the wells with flow rates not exceeding 10-15 mé/day.
These were back in the days of big West Siberian oil, so
low production rate formations were not studied propetly.
A minimum range of geophysical surveys, most of low
quality, were conducted in the wells. In most cases, basic
methods such as radioactive or sonic logging, which are
very useful complex geological sections, were not even
used. Core samples were taken in some wells, but it were
then lost forever before SPD obtained its license. Almost
all oil flows from the Jurassic horizons were produced
within one license area — Upper Salym, and no studies to
determine the affinity of the oil flows to certain intervals
were conducted. Because of this, the exploration maturity
of the Jurassic interval of the section is extremely low.

Between 2009 to 2011, in the Upper Salym field, SPD
implemented a program of additional exploration of the
Jurassic section. The company drilled three exploration
wells, two of which were used to conduct various studies
including mud logging, coring, standard and special open
hole logging and production log (PLT) during the well
testing. The aggregate of all these methods enables us
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KapoTaxken, KoTopble Hanbonee NHHPOPMATUBHbI
ONS1 CNOXHbIX FE0NOrMYecKMx paspesos. B
HEKOTOPbIX CKBaXKMHax 6bln 0TO6paH KEPH, HO OH
Obln 6€3B0O3BPATHO YTEPSH eLlé A0 NonyyYeHus
nmueHsnn komnanmen Crd. Mo4vtn Bce NpUTOKK 13
IOPCKUX FOPU3OHTOB MOJy4YEHbl B Npeaenax ogHoro
NMLEH3NOHHOro y4actka — BepxHe-CanbiMcKoro, u
HVKaKne UccneaoBaHuns
0115 BbISICHEHWS
MPUYPOYEHHOCTH
NPUTOKOB K
onpeneneHHbIM
MHTEepBanam paspesa He
MPOU3BOANNNCE. TaknUm
06pa3oM, N3y4HEeHHOCTb
IOPCKOM YacTu paspesa
sBNAnachb KparnHe
HU3KOMN.

B nepwuoa ¢ 2009-
2011 rr. Ha BepxHe-
CanbIMCKOM
MECTOPOXAEHU
komnanus CINlA
peann3oBana
nporpaMMy 0Ou3y4eHus
FOPCKOW YacTun
paspesa. MpobypeHo
TpY pasBeno4HbIX
CKBaXKMHbI, B ABYX

N3 HNX peanM30BaH
NCHYEPMbIBAIOLLMI KOMMIEKC UCCNEA0BaHN

no HanpPaBNEHUSAM: Fre00ro-TEXHOMOMMHYECKIMX
nccnegosanun (I'TW) B npouecce BypeHnsd, otéopa
KepHa, KapoTarka 1 NMpOMbICIIOBO-reon3nyecKmnx
nccnegosaruia (M) BO BpeMsa ncCnbITaHU.
COBOKYMHOCTb BCEX 3TUX METOA0B MO3BOSAET C
60NbLUEN OOCTOBEPHOCTLIO OXapaKTEPU30BaTb TAKOW
CNOXHbBI 1 U3MEHYMBBIN Pa3pPe3, Kak OTNIOXKEHNSA
BepxHen n cpegHen topbl Ha tore XMAO. NpoBeaeHHble
1nccnefoBaHns nokasanu, YTo noYT BCe NpUTOKM
Hed TN CBA3aHbI C OTNOXEHNAMN BaXKEHOBCKOW CBUTI,
3 Yero 6biN caenaH BbIBO, YTO OHW SIBASIOTCS
Hamnbonee NepCneKTUBHbIMW NS AabHeNLEN
paspaboTKu.

BarkeHoBCKas cBMTa ABAAETCA OHEHb CIIOMHBIM U
HETPaOMLIMOHHBIM O6BEKTOM PasdpaboTku, ANk KOTOPOro
OTCYTCTBYIOT 3(DEKTUBHbIE MPAKTUKL 3KCMAyaTaLum.
3anexxun Hed T BKEHOBCKOWM CBUTLI HE KOHTPOMPYHOTCS
CTPYKTYPHBIM (DAKTOPOM U HE COAEP>KaT NOAOLUBEHHbBIX U
3aKOHTYPHbIX BOf, MO3TOMY HaNTK KONNEKTOP, KOTOPbIN
CNOCODEH B pesynbTate CTUMYNALMA U 6e3 Heé
OTOaBaThb NAacTOBbIM hNona, 1 OLEHUTb Er0 CBONCTBA
— 03Ha4aeT CHATb OOMBLUMHCTBO FE0IOrMYECKINX PUCKOB
1 HeonpeaeneHHocTen. PaspaboTka 4OCTOBEPHOM
reosIorM4eckon Modenu 3anexen HedTn B DaXKeHOBCKOM
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to understand, with greater certainty, complex sections
such as deposits of the upper and middle Jurassic in the
southern part of the Khanty-Mansi Autonomous Okrug.
The studies have shown that almost all oil flows are
related to deposits of the Bazhenov Formation, and it was
concluded that they are the most promising for the further
development.

A8 Lha ki
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The Bazhenov formation is a very complex and
unconventional development target for which there are
no effective operational best practices. The oil deposits
are not controlled by common geological features and

do not contain any free waters, so in order to find a
reservoir, with or without using well interventions, would
require the elimination of most of the geological risks and
uncertainties. Developing reliable models in the Bazhenov
formation is a major challenge faced by geologists when
planning cost effective field development.

Many scientific papers have been written about the
Bazhenov Formation and, perhaps, it is the most studied
geological formation in Western Siberia today. But the
researchers have no consensus about its geological
structure, especially when it comes to the location of pay
zones. In order to navigate this variety of conflicting and
often diametrically opposed concepts and points of view
it is necessary to understand where the contradictions
lie. This can be done by knowing the characteristics and
conditions that shaped the views of the researchers.

The History and Current Status of Bazhenov Studies

Views and feelings of geologists and oilmen working at the
Bazhenov were taken after events that happened in 1968 in
Salym near the village of Gormopravdinsk (150 km from the
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B HETPAOVLUMOHHBIE YINEBOOOPOObI

CBUWTE, HAa OCHOBE KOTOPOWM MOXHO MiaHMpoBaTb
peHTabenbHyo paspaboTKy ABNSETCS MNaBHOM 1
nMepBOOHEPEOHON 3adaden CTOSILLEN Nepen, reonoramu.

Mo TemaTnke BaKEHOBCKOWM CBUTLI HAMMCAHO MHOXXECTBO
Hay4HbIX PaboT, NOXKanyn, OHa SBASIETCS CaMmom
1N3y4aemMol reonornyeckon opmaumen 3anagHom
Cubupn B HacTosee Bpems. Ho y nccneposarenen

HET eVHOr0 MHEHWS MO NOBOAY €€ reosIorM4eCcKoro
CTPOEHNst, 0COBEHHO B BOMPOCE BblOENEHNA
NPOOYKTUBHBIX 30H. TONMBKO re0orm4ecknx Moaenen
paspaboTaHo 6onee OecATKa, MX KpaTkoe onmncaHmne
MOXXHO HamTu, Hampumep, B padoTe [8]. [na Toro

YTOObI COPUEHTMPOBATECHA BO BCEM MHOrO0OBpa3unmn
NPOTUBOPEYMBBIX U 3a4aCTy0 AMaMeTpansHO
NMPOTUBOMONOXHbBIX KOHLIEMLWIA 1 TOYEK 3PEHUs Ha
OaXKEHOBCKYIO CBUTY, HEOBXOOMMO pa3obpaTscH B
NCTOYHVKE MPOTVBOPEYNN, YTO MOXKHO CAeNaTh TOJIbKO
3Has OCOBEHHOCTU U
YCNOBUS, B KOTOPbIX
dhopMMpPOoBaNUCH
B3rNsabl Ha
Ba>KeHOBCKYHO
CBUTY.

WUcTopua n
coBpemMeHHoe
COCTOAHNE U3YyYyeHud
6a)KeHOBCKOI CBUTI
MpucTtanbHble
B30pPbl re0sI0ros

1N HEDPTAHMKOB

Ha 6a>XEHOBCKYHO
CBUTY ObInn
obpalleHbl nocne
cobbITUIn, KOTOPbIE
CIy4nnnce B

1968 rogy Ha CanbiIMCKOM MECTOPOXAEHUN B3
nocenka lNopHonpasauHcka (~150 km oT BepxHe-
CanbIMCKOro MectopoxxaeHus). Bo Bpemsa yrnyoneHns
Pas3BEeO0YHON CKBaXXMHbI 12-P Ha IopCKUE OTNOXEHNS
npu 3a6oe 2840 M NPOM3OLLIO HEKOHTPONNPYEMOE
(hoHTaHVpPOBaHNE CKBaXKMHbI HEPTLIO, B pe3yfbTarte
KoToporo 6ypoBas 3aropenack. 10 BU3yanbHOWM OLEHKE
nebut pocturan nopsgka 700 T/cyT. o nopyyeHuto
nepBoro cekpetaps TtomeHckoro obkoma KIMNCC b.

E. LLlIep6uHbl Ana paccnefoBaHus YpesBblHanHOro
MPOUCLIECTBUA Bblna Ha3Ha4YeHa NPOKYpPOopCKas
npoBepKa. YCUnmammy nyyiinx cneumanncToB reonoru
nblITaaUCh A0Ka3aTb, YTO B C/TyYMBLLUEMCH BMHOBAT

He 4enoBeK, a NPUPOAHbIN (hakTop. HedTaHon
hoHTaH BO3HWK Tam, rae B NPUHLMNE ero He MO0
BOSHWKHYTb — Mpu 6ypeHnn «0bpasLoBbIX FIVH», MPK
5TOM (haKTMHYeCKOoe NNacToBOE AaBEHME MPEBLICUIO
oXngaemoe noyTu B Aga pasal bnnsnexaidme

CBEPXY W CHNZY MECHAHVKN OTNOXEHUIA a4NMOBCKOM

1 TFOMEHCKOW CBUT, COOTBETCTBEHHO, MO CaMbIM
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Upper Salym Field). When deepening exploration well 12-R
to 2860 m in the Jurassic horizon, an uncontrolled oil well
blowout occurred, resulting in a rig fire. By visual accounts
the production rate reached about seven hundred tons

per day. By order of B. E. Scherbina, the First Secretary of
the Communist Party Committee of the Tyumen Region, a
prosecutor’s inspection was appointed to investigate the
accident. The best professional geologists tried to prove that
the incident was not caused by human error, but by natural
factors. The blowout occurred in an area, where, in principle,
it could not occur — while drilling in “standard shale”. But

the actual reservoir pressure exceeded expectations by
almost twice! The overlying and underlying sandstones of the
Achimov and Tyumen formations, respectively, according

to the most optimistic estimates, could only produce a
maximum of 20-30 tons/day [9, 10, 11].

To determine the reason for the oil blowout, thanks to the
insistence of A.V.
Tyan, then head

of the geological
department of

the Pravdinskaya
Petroleum Exploration
Expedition (PEE),

and L.I. Nesterov, a
Geology section head
of ZapSibNIGNI, F.K.
Salmanov, Chief of
Pravdinskaya PEE,
took the decision to
drill a new exploratory
well, 24-R, so that
they could log and
test every ten meters.
In August 1969, this
well penetrated the
Achimov horizon. At this level, only minor oil flow was seen,
but when the drill bit reached the middle of the Bazhenov
Formation, to everyone’s surprise, natural flow of about
300-400 tons/day was produced! On this basis, August of
1969 can be considered a key starting point in the study
of the Bazhenov Formation as a commercially oil-bearing
formation. As a direct result, comprehensive studies
began. Coring was very intensive in Western Siberian

oil fields and was followed up by testing, with geological
and research institutes beginning to analyse and process
the incoming materials. Soon, oil-bearing capacity was
discovered in the Studyonaya, Verkhne-Shapshinskaya, and
Multanovskaya prospecting areas [9,10,11].

By 1974, pilot commercial development of the Salym
test field had already begun. 72 wells were drilled on a
trial plot of 10,035 hectares, of which 11 were dry, 25
were shut in with production of less than 1000 tons, and
19 wells exceeded 20,000 tons. Due to the oil-wet rock
and specific reservoir characteristics, development was
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B HETPAOVLUMOHHBIE YINEBOOOPOObI

ONTVMWUCTU4YHBIM OLeHKaM MOrfin aatb Makcumym 20-30
T/cyT [9, 10, 11].

[ns BbIACHEHWS NPUYPOYEHHOCTN HEPTAHOIO
doHTaHa, 6narogaps HaCTOMHYMBOCTU TOrAALLIHUX
HavanbHVKa reonornyeckoro otaena NpaBaMHCKOM
HedTepasBeno4HOM akcnegnumm (HP3) A.B. TaHa u
3aBenytoLero cektTopoMm reonorum 3anCnoHUMHY
V.. HecTepoBa, Ha4ansHUKoOM [NpaBanHCKoM

HPS @. K. CanmaHoBbIM ObINI0 NPUHATO peLleHne

0 OypeHmne HOBOWM pPasBEeOOYHON CKBaXKMHbI 24-

P, roe B LeneBon 4acTun paspesa 4Yepes Kaxaple
0EeCsTb METPOB MNaHMPOBANOCh AeNaTb KapoTax

1 NPOBOAUTbL UcMbITaHus. B aBrycte 1969 rona

3Ta CKBaXKMHa MpoLLnia a4 MOBCKYO TOSLLLY, Npn

3TOM Db 3ahUKCUPOBaHbI NLLb HEOONbLLNE
nposBAeHUst HehTU, HO Korga 3abor OOCTUr cepeayiHbl
6a>XEeHOBCKOW CBUTbI, TO, K YAMBEHUIO BCEX, Oblf
nony4eH MouHbIM poHTaH B 300-400 TOHH HEDTK

B cyTkm! Taknum obpasom, aBrycT 1969 roga MOXHO
cyuTaTb OTNPAaBHOM TOYKOWN B N3yHeHUM BaKEHOBCKOM
CBUTbI KaK NPOMbILLIEHHO HEPTEHOCHON hopMaLmK.
[Mpy 3TOM M3yYeHne CTapToOBaIO MO BCEM BO3MOXXHbIM
dhpoHTaM. Ha 3anagHOCMOUPCKNX MECTOPOXKAEHNAX
aKTMBHO CTann OTOMpPaTb KEPH U UCMbITLIBATL 3TU
OT/IOXKEHNS, a Hay4HbIE Fe0NOrNHECKNE UHCTUTYThI
CcTanu aHannM3npoBaTb 1 0bpabdaTbiBaTb NOCTYNAKOLME
maTepuanbl. Bckope bbina oTkpbiTa HETEHOCHOCTL
BaxxeHoBckow cBuTbl CTyaeHon, BepxHe-LLanwmnHekown,
MynTaHOBCKOM pasBeoo4HbIx nnowanen [9,10,11].

Yxe B 1974 rogy 6bina Ha4aTa OnbITHO-MPOMbILLNEHHAS
askcnnyatauus (OlN3) onbITHOro y4acTka CanbiIMCKOro
MecTopoxaeHuns. Ha ydactke B 10035 ra 6bi510
NPOBYpPEHO 72 CKBaXKMHbI, U3 KOTOPbIX 11 okazanucb
«CYyXUMU», 25 CKBaXKWH ObINn BbiBEAEHbI 3 pa3paboTku
C HakoneHHon Jobblven meHee 1 TbiC. T, U TONbKO

B 19 CKBaxKMHax HakonneHHas OobbliH4a NpeBbICKna

20 TbIC. T. BBy rmapodobHOCT 1 cneumndnyHOCTH
KOJI1eKTOpa paspaboTka BeflaCb UCKIIOYUTENBHO

Ha eCTECTBEHHOM PEXUME C HaCTUYHBIM
pasrasupoBaHmem [12].

Takas ygpyyarouias cratmctika Ha caMmoM
NepcneKkTMBHOM OMbITHOM y4acTKe paspyLumna
pafy>kHble MepcneKT1BbI MO NOBOAY A0ObIHN

HeddTK 13 Ba>KEHOBCKOW CBUTbI, HO CTUMYyNMpOBana
©0bLLON Hay4HbIN MHTEPEC K 3TOM NMpobnematuke,
MK KOTOPOro npuLLencsa Ha cepedmHy 1980-x
ropoB. B CoBeTckom Coto3e MpakTUHECKN B KaXKAOM
KpPYNHOM HedTerazaoBoM reonorM4eckomM Hay4Ho-
NCCNeAoBaTeNbCKOM VHCTUTYTE MPUCYTCTBOBA

OTAeN Mo U3yHeHNo NPobaeMaTnKy 6GaXKEHOBCKOM
cuTbl. O rnybuHe 1 MacluTabe nccneqoBaHnin MoryT
CBWOETENbCTBOBATL COOPHMKM TPYAOB psiaa MHCTUTYTOB:
3anCunbHNTHIA, CeHWNHT, TP v ap.[3,13,14].
B 1985-1986 rr. cpady aBa ot4yeTa no noacyety
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carried out solely with the natural reservoir flow with partial
degassing [12].

These depressing statistics, ostensibly in the most
promising area, ruined the bright expectations regarding
potential oil production from the Bazhenov Formation.

It stimulated great interest however which peaked in

the 1980’s. There was a department in every major oil
and gas geological research institute in the Soviet Union
dedicated to the study of the Bazhenov Formation. The
works of a number of leading institutes like ZapSibNIGNI,
SIbNIINP, IGIRGlI, and others, prove the depth and scale
of research works performed [3,13,14].

From 1985-1986, two reports on the evaluation of
Bazhenov Formation deposits at the Salym field

were finished, to be reviewed by the State Reserves
Commission under the Council of Ministers of the USSR
(USSR SC) [15,186]. So far however there is no accepted
method, by the Russian Reserves Commission, for the
calculation of oil reserves in the Bazhenov Formation, due
mainly to lack of a clear view, is based on core samples,
as to what is the reservoir. Core had been taken from 28
wells, with the total coring at the Bazhenov at 778.5 m,
of which 325.4 m were recovered, i.e. 41.8% of the total
penetration. The percentage of core recovery in wells
ranged from 0.16% to 78.6% [15].

Because of these technical problems with coring,
geologists had no way to accurately describe this cross
section of the formation. Cores recovered to the surface
were, as a rule, non-permeable rocks and, therefore had
everyone guessing about the properties of the reservoir.
The situation was aggravated by the fact that during the
withdrawal of the core to the surface, a sharp decrease in
vertical stress occurred, and with some cores being under
abnormally high pore pressure (AHPP), they exploded and
turned into powder (obviously, such behaviour is typical
for low-permeability rock) or stratified. So at the moment,
we have more than a dozen, often opposed geological
models of the structure of the Bazhenov Formation.

These summaries can be found in papers [8,17]. Realizing
that the models were inconclusive, the expert council
accepted basic calculation parameters for estimating
reserves at the Bazhenov. If the deposits are tested and

a flow of oil to the well is produced, the net pay thickness
is to be taken as 1/3 of the high-resistance part of the
formation, and the values of open porosity and saturation
are taken equal to 8% and 85%, respectively [18].
Obviously, such an approach is extremely basic and has
no practical value.

The lack of information on all the core materials was not
the key obstacle however. In the early stages of the study
of the Bazhenov Formation, the impact of well design and
methods of penetration on the oil flows produced were
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UNCONVENTIONAL =

3anacoB HEMTU 1 PACTBOPEHHOMO rada B OT/IOXKEHNSAX
BarkeHOBCKOW cBUTbI CanbIMCKOrO MECTOPOXKAEHUS ObIn
NnoaroTOBNEHbI AN PACCMOTPEHNS B [OCYyaapCTBEHHOM
KOMWCCWEN MO 3anacam MonesHbIX NCKOMaeMbIX npu
CogeTte MuHuctpos CCCP (TK3 CCCP) [15,16], Ho oo
CUX MOP TaK 1 He CyLIEeCTBYET NpuHATOM K3 MeToamkm
nogcyeTa 3anacoB Hed TV B 6aKEHOBCKOWM cBuUTe. Takas
CUTyaLusi BO MHOMOM CIOXKINAaCh N3-3a KPUTUHECKOM
HN3KOW OXapaKTEPU30BAHHOCT BaXKEHOBCKOW CBUTbI
KepHOM. Ha gaTy o60ou1x NoacHeToB 3anacoB KEPH Oblf
OTODpaH B 28 CKBaXKMHAX, CyMMapHasi MpoxoaKa C
OTOOPOM KepHa Mo 6axeHOBCKOMY FOpU30HTY COCTaBuna
778,5 M, BblHeCceHO 325,4 M, T.e. 41,8% oT obLen
NpPoxoaKn. MPOLEHT BbIHOCA KEPHA MO CKBaXKMHAM
nameHancs ot 0,16% go 78,6% [15].

Taknm 0B6pasom, n3-3a TEXHONOTMHYECKMX NPOBemM ¢
OTOOPOM KepHA, Y MrE0SIOrOB He BbINI0 BO3MOXHOCTU
0OXapaKkTepn3oBaTh paspes HKEHOBCKOM CBUTHI
MOSIHOCTBIO. BbIHECEHHbIV HA MOBEPXHOCTb KEPH, Kak
npaBuno, ObiN NPEACTaBNEH HEKOIIEKTOPOM, MO3TOMY
KaXbl «<B MepPy CBOer (haHTasum» cam AOMbICNMBan
XapakTepUCTUKN KonnekTopa. Cutyaums ycyrybnsnaco
BCNEACTBWE TOroO, YTO BO BPeEMS MOAbeEMA KEpHA

Ha NOBEPXHOCTb MPOUCXOANIIO PESKOE CHVKEHNE
BEPTUKASIbHOMO CTPEecca, 1U3-3a 4ero Yero oTAeNbHble
YHaCTKW, HaxoadaLWMecs noa, AeNCTBUEM aHOMaJTbHO
BbICOKOIO MOpPOBOro AaenerHus (ABlMo[), B3pbiBannCh,

observed. Experts were constantly engaged in debates,
which have been continued to this day, about the best
well design for the Bazhenov Formation. Much work

has been done in this area [12,15,16], but the original
problems still remain. Current thinking dictates that the
most effective way of well completion in the Bazhenov
Formation is the use of a slotted liner. This completion
method was proposed by F.G. Gurari, who discovered the
Bazhenov formation [19].

A significant decline in the study of the Bazhenov took
place during the 1990’s, and interest was only rekindled
in 2006 when the RITEK company received a license to
develop the Middle Nazym and Galyanov fields where
the main prospecting developments are associated

with the Low Tutleym subformation — an analogue of

the Bazhenov Formation in the west of Western Siberia
[19]. In 2007, based on logging data obtained from an
open hole, a few studied core samples and PLT data of
natural flowing wells, the specialists of CJSC “MiIMGO
n.a. V.A. Dvurechensky” under the leadership of V.S.
Slavkin, hypothesized that the main inflow intervals in the
Bazhenov Formation in these fields are tight carbonized
fractured streaks (TCFS) [20]. This hypothesis was at
odds with the prevailing basic theory that the main inflow
intervals in the Bazhenov Formation are organic rich shale,
foliated and sheeted abnormally high formation pressure
(AHFP) [13,15,16]. For the development of the Bazhenov
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B HETPAOVLUMOHHBIE YINEBOOOPOObI

paccbinasdgchb B TRYXY (O4EBWOHO, YTO TaKOe NoBeAeHME
XapaKTePHO HN3KOMPOHULIAEMbIM Pa3HOCTAM), U
paccnamBancb. B ntore Ha cerogHsaLWLHUA MOMEHT

Mbl IMEEM HE OAVH OECATOK 3a4acTyro ANaMeTpanbHO
MPOTUBOMOIOXHBIX FEOSIOMMHECKNX MOOENEN CTPOEHWIA
BaXKeHOBCKOW CBUTBI. VX KpaTkmne 0630pbl MOXHO HaTK
B paboTtax [8,17]. NoHumas 4TOo, HM ogHa U3 Moaenewn

He SBASIETCS OCTAaTOYHO OOOCHOBAHHOM, SKCMEPTHbIN
coBeT K3 pekomeHaoBan npw ornepartyBHbIX OLIEHKaXx
3arnacoB OTNOXXEHUI BaXKEHOBCKOWM CBUTbI OCHOBHbIE
MoACHETHbIE MapaMeTPbl MPUHUMATL YCIOBHO MO
cnenyoLemMy kKputeputo. B cnydae, ecnm oTnoXkeHns
MCrbITaHbl U MOMyYeH NPUTOK HePTK, TO dpdeKTUBHAA
HeTeHaCbILLEHHAsA TOLLUMHA NPUHMMAETCS Kak 1/3 oT
06LLEN BbICOKOOMHOW HaCTW CBUTbI, BENNYMHBI OTKPbITON
MOPUCTOCTY U HeDTEHACILLEHHOCTN 6ePYTCS PpaBHbIMA
8% 1 85% cootBeTcTBeHHO [18]. O4eBnOHO, YTO Takom
noaxop SABNSETCA UCKITOUUTENBHO (hopMasibHbIM U

HE HECET HNKaKOW
MPaKTNHECKOM
LIEHHOCTMW.

Ho HepgocTaTtkom
MHopMaLmm Mo
KEPHOBOMY
mMarepvasny Bce He
OrPaHN4NNOCh. YXKe Ha
PaHHMX

CTaOusAX N3y4eHNsIX
Oa>KEHOBCKOW CBUTBI
ObIN0 3amMe4eHo
BIINSAHUE KOHCTRYKLN
CKBa)XMHbI 1 CNOCOBOB
BCKPbITUS

Ha nosy4aemble
npuTokn. Mexxay
cneuvanmcTamMmmn BO3HMKIA NONeMMKA, MOS0 KAIOLLASACS
Mo Cel AeHb, MO MOBOAY ONTUMATBHOM TEXHOMOMA
BCKPbITUS 1 KOHCTPYKLMN CKBaXKMH Ha BXXEHOBCKYHO
cBuTy. bonbluas paboTta B 3TOM HanpasneHun npogenaHa
B pamkax paboT [12,15,16], HO NepBONPUYMHBI Tak U

He BbInn BbIACHEHBI. [JO C1X MOpP MPUHSTO cHUTaTb,

4YTO Hambonee ahHeEKTNBHBLIM CNOCODOM 3aKka4nBaHNS
CKBaXXMH Ha 6a>KEHOBCKYHO CBUTY ABMSIETCS LLENEBO
PunbTP. STOT CNOCO6 3aKaHYNBAHUS CKBAXKMH
npennoxeH elle ®.I. N'ypapu — NepBOOTKPbIBATENEM
BarkeHOBCKOWM cBUTHI [19].

B cBasu ¢ n3BecTHbIMK cobbITMAMM 90-X roaoB
MPOLLMIOro CTONETUS Oblf1 OTMEYEH 3HAYUTENbHbIN
cnag B N3y4YeHnn 6aXKEHOBCKOW CBUTbI U BCMbIXHYJT
BHOBb B 2006 rogy, korga komnaHusa OAO «PUTOK»
nonyynna aMueHsnto Ha paspaboTtky CpegHe-
HasbiMCKOro 1 MansgHOBCKOrO MeCTOPOXAEHUI,

Ha KOTOPbIX OCHOBHbIE MEPCMNEKTMBbI pa3paboTKn
CBA3aHbl C HYDKHETYTNENMCKOW MOACBUTON — aHanorom
OaxeHOBCKOW CBUTLI Ha 3anage 3anagHon Crnbunpu
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Formation this fact is of crucial importance. In the case
of foliated shale, the permeability is due to the availability
of AHPP that supports the void space between individual
layers, so artificial lift, which creates significant drawdown
pressure on the formation, is absolutely contraindicated
for such reservoirs. If artificial lift is used, the space
between layers will collapse, permeability will disappear,
the well will cease to produce oil, and the pump will fail.
The TCFS hypothesis actually claimed that the reservoirs
have a hard framework, and due to significant drawdown
pressures the permeability will not disappear. In fairness
it should be noted that one of the first who began to
associate productivity of the Bazhenov Formation with
tight streaks was M.Y. Zubkov and his colleagues [21,22],
who called these interlayers “potentially productive” (PPI).

In 2007, the Middle Nazym field of the Bazhenov was
operated with ESPs, and test runs were conducted to
stimulate inflows by
pumping acid into the
formation. By mid-2009
more than one third of
all production stock in
the Middle Nazym was
being mechanically
produced, and the
most effective way to
stimulate the inflow
was acid treatment of
the bottom hole [8,23].
After studying the core
samples, it was found
out that the main ail
bearing beds in the
Bazhenov Formation

to the west of the Ob
River Region are transformed radiolarite layers, which,
depending on the nature of these transformations, are either
aporadiolarite limestone, dolomite or silicite (silica radiolarite)
[24,25,26, 27]. These interlayers are mainly porous fractured
voids, with some porosity at 16%, and permeability is at 10
mD. Log curves display them as tight streaks [8,20,23].

Many researchers now recognize that, in the Ob River
Region at least, commercial oil bearing capacity of the
Bazhenov Formation is associated with the presence

of tight streaks of secondary radiolarites and Bazhenov
underlying carbonate layer COP1 [17]. They are easily
recognizable from the log data, and the main task for
geophysicists is learning how to evaluate the reservoir
properties and forecast their dimensions. The contrasting
properties of these layers make it possible to use seismic
data to identify the most productive zones. Such works
are now being actively performed in the Federal State
Unitary Enterprise “VNIGNI”, CJSC "MiIMGO” [8, 40, 41],
Moscow State Lomonosov University [42] and in the LLC
“ZapSibGTs”.
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[19]. B 2007 rogy Ha OCHOBeE OaHHbIX KapoTaxka B
OTKPbITOM CTBOJIE, EAVHNYHBIX 0OPa3LIOB KepHa

1 NPOMbICIOBO-re0N3NHECKUX NCCNEA0BAHNI
OHTaHMpPYOLLMX CKBaXXMH, cneumanncTel 3AO
«MuMI"O nm. B.A. [IBype4eHCKoro» nog pyKOBOACTBOM
B.C. CnaBkuHa BblABUHYN MMNOTE3Y, YTO OCHOBHbLIMU
NpoBOAHMKaMK HedTN B BaXKEHOBCKOW CBUTE

Ha 3TUX MECTOPOXXAEHNA ABASKOTCSA MNOTHbIE
kapboHaTV3MpPOBaHHbIE TPELLMHOBATbIE NPOCON
(MKTTT) [20]. 9TO rMnoTesa Wwna B pa3pe3 C OCHOBHOW
rOCNOACTBYHOLLEN TEOPUEN, YTO OCHOBHbLIMU
NpPoBOAHMKaMN He TN B BaXKEHOBCKOW CBUTE SABASIOTCS
oboralleHHble OpraHNYeCKNM BELLECTBOM NINCTOBATbLIE
N paccnaHLOBaHHble 3a CHET aHOMasbHO BbICOKOIo
nnacrtosoro gasneHna (ABIMA) ravHel [13, 15, 16]. Ona
paspaboTKM 6a>KEHOBCKOW CBUTbI 3TO OOCTOATEbCTBO
NMEET UCKIMIOYUTENBHO BaXKHOE 3HaYeHue. B cnyydae
NIMCTOBATbIX MIVH NPOHULAEMOCTbL 0ByCNoBIeHa
Hanun4mnem ABI, KOTOPOe NOaOepPKMBAET MYCTOTHOE
NPOCTPAHCTBO MeXay OTAENbHLIMU TUCTbAMU, NO3TOMY
MexaHn3npoBaHHasa 0ooblva, Npu KOTOPOW CO30aeTCsA
3HauUUTENbHAA Oenpeccus Ha NaacT, AN Takux
KOJIIEKTOPOB KaTeropn4ecky NpoTMBonoKasaHa.

B nmpoTuBHOM ciy4ae NUCTbI FIMH COMKHYTCS,
MNPOHNLIAEMOCTb UCHE3HET, CKBaXKMHA NEpeCcTaHeT
faBatb HeTb W HACOC BLINAET U3 CTPOS. [ MnoTesa
MNKTI dhakTryeckn yTBepxaana, 4To KONMEKTOPbI
NMEIOT XKECTKUIN CKENET N NPU 3HAYNTENBHBIX

Currently, pilot commercial development of the Bazhenov
Formation is being undertaken by three companies:
Surgutneftegaz, Rosneft and RITEK. The highest activity is
carried out by Surgutneftegaz, which has drilled more than
600 wells in the Bazhenov Formation over the last 30 years.
The drilling results indicate that 37% of the wells were “dry”,
63% had oil flows (maximum up to 300 tons/day). In 2011,
Surgutneftegaz produced 512 Ktons, Rosneft produced 82.4
Ktons, and RITEK in 2010 produced 117 Ktons of oil from
the Bazhenov Formation [4, 28, 29].

The scope of outstanding issues, together with the giant
light oil resources have attracted and continue to attract
geologists of all levels ranging from young specialists

to members Academy of Sciences and the Russian
Academy of Sciences to solve the problems of the
Bazhenov Formation. At different times, this problem was
studied and is still being studied by the most eminent
petroleum geologists of the USSR and Russia, namely
members of the RAS A.E Kontorovich, I.I. Nesterov,
member of the USSR Academy of Sciences and the
Russian Academy of Sciences A.A. Trofimuk and many
others. From the first oil blowout to the present day,

92 fields of light oil have been discovered within the
Bazhenov Formation deposits [2], multiple methods of
inflow stimulation have been trialled, including multi-stage
hydraulic fracturing in horizontal wells that’s has proven
to be successful in the shale deposits of North America.
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Oenpeccusax Ha NnacT NPOHULLAEMOCTb HE UCHE3HET.
CnpaBenMBOCTM pagn HeobX0AMMO OTMETUTD,

4YTO OfHVM U3 CaMblX MEPBbIX, KTO CTaj CBA3bIBATb
NPOOYKTUBHOCTb Ba>KEHOBCKOW CBUTbI C MIOTHbIMM
nponnacTkamu 611 M.KO. 3ybkoB ¢ kKoneramu [21,
22], KOTOPbIA Ha3BaN 3TM NPOCAON NOTEHLMANTBHO
NPOAYKTMBHBIMK nipocnosmm (M),

Yxe 2007 rogy 6akeHOBCKyO cBUTY Ha CpeaHe-
Ha3bIMCKOM MECTOPOXOEHUN CTanM SKCNIyaTnpoBaTh
¢ SLH v 6binn NnpoBeaeHbl MPOBHbIE PabOTLI MO
CTUMYNUPOBAHUIO MPUTOKOB NYTEM 3aKa4K/ KUCIOTbI

B nnacT. K cepeguHe 2009 r. 6onee 1/3 Bcero
nobbisaroLLero dhoHaa Ha CpegHem Hasbime 6b110
nepeBefeHO Ha MEXaHNYECKUI Crocob 00bIMM 1 CambiM
3P HEKTVBHBIM CMOCODBOM CTUMYNSALMM MPUTOKOB CTana
CONAHO-KUCOTHast 0bpadboTka NpPr3abonHOM 30HbI [8,
23]. MNMoaxe No pesynbTataM U3yHeHnst KepHa, BbIHOC
KOTOPOrro K 3TOMYy BpemeHu npubnmnamnca kK 100%,
ObIN0 BbISIBIEHO, YTO OCHOBHbLIMW MPOBOAHNKAMM
Hed TV B 6BaKEHOBCKOW CBUTE Ha 3anafe LLnpotHoro
[Mprobbs ABAAOTCS BTOPUHHO NPpeobpas3oBaHHble

C/OV PaanoNsapUTOB, KOTOPbIE B 3aBUCUMOCTUN OT
xXapakrepa aTux NpeobpasoBaHnNin CTAHOBATCS NGO
anopaanonsaprBbIM USBECTHSAKOM, anopanmnoisapuBsiM
O0SIOMUTOM UM CUAMLIMTOM (anopaanonsputom) [24,
25, 26, 27]. 3T1 NpOCIon B OCHOBHOM VMEIOT MOPOBO-
TPELLUMHHBIA XapakTep NMyCTOTHOCTU, MOPUCTOCTb
HekoTOpbIX fgocTuraeT 16%, NpoHvuaemocTs — 10 M.
B none kapoTaxxHbIX KPUBbIX OHW UMEKOT KapOTaXKHbI
0BNMK ManoOMOLLHbIX MAOTHbIX Npocnoes [8, 20, 23].

Cenyac y>xe MHOre nccnegosaten Npu3HatoT, YTO B
LLinpoTHOM [Mprobbe NpoMbILLIEHHAA HEDTEHOCHOCTb
Oa>XEeHOBCKOW CBUTbI CBSA3aHa C HaNM41MeM B paspese
MaUTOMOLLHBIX MAOTHBIX MPOCOEB BTOPU4HbIX
PaOVoNAPUTOB M NOACTUNAIOLLENO 3TU OTIOXKEHWS
KapboHaTHoro cnost KC, (koppesnmpyembiii crion) [17].
OHM Nerko pacnosHarTCsa MO AaHHbIM KapoTaxka, W
rnaBHasi 3afa4a, KoTopasi CTOUT nepef reousmkamm,
Hay41TbCH OLEHMBATL UX MO Miowaan. KoHTpacTHble
CBOWCTBa 3TWX MPOC0EB, MO3BOMAKOT MPUBIEKATb
JaHHble cercMopasBeaKn 4115 BblOeneHus Hambonee
MPOAYKTUBHbBIX 30H. Takue paboTbl cenyac akTMBHO
passmBatoTcs B PIYT1 «BHUTHW», 3AO «MuMI O»

[8, 40, 41], MI'Y nm. M.B. JlomoHocosa [42] n 8 OO0
«3anCwnoblL» [21, 22].

B HacTosiLLiEe BpeMS OMbITHO-MPOMbILLIEHHYHO
SKCMyaTaumio 6aXKEHOBCKOWM CBUTLI MPOBOAAT TpU
koMnaHun; «CypryTHedTeras», «PocHeTb» 1 «PUTIK>».
HanbonbLuyto akTUBHOCTb MPOSIBAISIET KOMMaHWS
«CypryTHedTeras», Kotopasd B TedeHne 30 neT Ha
BaKEeHOBCKYHO CBUTY Npobypuna 6onee 600 CKBaXKMH.
Mo pesynbTatam 6ypeHnsa 37% CKBaXKMH OKa3annch
«CyXUMW», B 63% — Mony4eHbl MPUTOKMU HedTH
(MakcumansHble cocTtasnanm go 300 T/cyT.).
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The production rates and statistics speak for themselves
however. Even with its vast resources the aggregate oil
production from the Bazhenov Formation only slightly
exceeds 5 million tons for the whole history of the
development [4,28, 29, 12].

Looking back at the experience that has been
accumulated, one can conclude that over the last 45
years a lot of work has been done in terms of studying the
Bazhenov Formation. However, no modern oil companies
are capable of implementing research programs
comparable in scope to those already done. Positive
changes in the geological study of this challenging field
can only be achieved based by identifying weaknesses
or inconsistencies in the historical research, data and
experience. The main drawback of previous experience

is the incomplete geological data. Only a 100% core
recovery from producing wells, along with a wide range
of geophysical, reservoir, geological, technological and
laboratory studies will allow us to conclusively determine
what characteristics enable the flow of oil into wells in
certain intervals, and where the greatest oil resources

are concentrated. Only with a sufficiently complete set

of studies can we identify the most effective way of
describing the properties of the Bazhenov Formation. Until
now, such work has only been performed on two SPD
wells drilled in the Upper Salym field. But this geological
knowledge itself cannot guarantee the success of the
entire project without the proper organization of the
development technique.

The uniqueness of the Bazhenov as a shale formation is
not only in its size (more than 1 million km?), but its natural
oil flow, which distinguishes it from other shale formations
around the world. There is not any shale formation in the
world with natural flows as thick as those of the Bazhenov.
It can produce hundreds of cubic meters of natural flow
oil per day, or, in more than a third of the wells drilled, no
production whatsoever .

The highest flow rate shown in official statistics totalled
1248 m?%/day and was produced in vertical exploration well
141-R at the Salym field [15].

The availability of wells with a large range of flow rates
(from “dry” to hundreds of m®/day) has helped to define a
strategy to study this formation in a completely different
way than has been done for other shale formations
around the world. For example, if in other countries shale
formations have been studied in terms of using well
interventions for development, Russian scientists and
geologists concentrate on the development of “sweet
spots”. This is the fundamental difference between the
Western and Russian approach. On this basis, one of the
areas that is still not well defined in Russia is the technical
aspects of well stimulation and design optimization to
develop the Bazhenov. Therefore, Russian oil and gas
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[IPY OLIEHKE HEeTPAONIIMOHHBIX
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BebisisneHue ripednonazaemoli 30Hbl M08bILUEHHOU HackiWeHHocmu YB 8 HempaduyuoHHOM
pesepsyape:

Ha amol kapme, e3amol u3 npoekma LakeviewSCAN™ kopropayuu ION, roka3aHo pacripedeneHue
nnomHocmel 8 HUXHel Yyacmu paspesa craHuesoli ghopmauuu Mapcensyc ¢ HanoxeHueMm rMpoeHo3upye-
MbIX pa3iomos. Pok-ghusudeckas Karubposka rmo3sonuna ycmaHo8ums, Ymo 3Ha4yeHusl MiomHOCMU HUXe
2,5 2/cm® coomeemcmeytom nosbiwieHHoMy codepxaHuto opaaHuku (POB) e nopode (okoHmMypeHHbie
y4acmku). lNpoepammbl MHO20KOMMOHeHMHoU ceticmopa3ssedku ResSCAN kopriopayuu ION noseonsiom
rony4ums 6osee 00cMo8epPHbIE OUEHKU MIoMHocmu 3a ciem coemecmHol PP/PS uHeepcuu. Pe3ynsmamei
UHMepnpemayuu pa3pbleHbIX HapyweHul 0BHapyXuealom 3Ha4YUMerNbHOe U3MEHEHUE CMPYKMYPHbIX
XapakmepuCmuK Ha y4acmkax C MoebIueHHbIM Co0epaHUeM Op2aHUYECKO20 yarepola.

CoxkpalllaTh 3aTPaTk Ha pPas3paboTKy PeCYPCHBIX CIIEHAPMEB TIOMOraioT IMPOrpaMMel 3D

certcmmieckux Habmomenuii ResSCAN ™. PerucTtpaims n 06paboTka CefncMOpPa3BeIOYHBIX HATIPABJTEHUS
IAHHLIX B PAMKAX BBITIOJIHEHNS STUX IIPOrPaMM OCYIIIECTBIIIETCS I0OPa3aesIeHNIMMA HEATENIBHOCTYI
GeoVentures n GX Technology xopnopatuu I[ON. VIHTerpaims reoornieckmnx - HeTpamuumoHssie pesepeyaps!
U IETPOOUBUHIECKUK TAHHBIX C PE3YJIbTATaMI POK—bOI3MYECKOro aHaI3a TI03BOJIIET PerHoHE C CYPOBEIMH

o KJIMMaTUYECKUMI Y CJIOBUSIMI
OTIPEOEeINTh, KaKue CeiCMUYecKe aTpuOYThI, N3BJIEUEHHbIE 10 BOSMOXHOCT U3

Ly - PaSDeBbI CO CJIOXHBIM
MHOI'OKOMIIOHEHTHbBIX [JAHHEIX, YBISBIBAIOT MEXIY COOO0M I'e0JIOrMIO U FTOPHO—MEXaHNIECKIe oM I OCKYM CTPOSHEN
CBOMCTBA [JIs1 JAHHOI'O CJIAHIIEBOI'O ClieHapus. B pesynbraTe HedTera3oBble IpeOpusITus
TIOJTYYalOT BAsKHYIO MHGOPMAINIO, HEOOXOOMMYIO IJIs IIPUHSTIS BEPHbIX PEelIeHNs TP
OypEeHN 1 3aKaHIYMBAHMM CKBAXKMH. Y 3HANTE 60JIbIIE Ha iongeo.ri/ResSCAN.

| |
.On GEOVENTURES®

VI3y4eHne 0Ca0YHBIX GACCENHOB

PaspaboTka pe3epByapoB




B HETPAOVLUMOHHBIE YINEBOOOPOObI

B uenom Tonbko 3a 2011 rog 13 6axeHOBCKOW CBUTbI
«CypryTHedTeras» nony4nn 512 Tbic. TOHH HeddTH,
«PocHehTb» 82,4 TbIC.TOHH, «PUTOK» 3a 2010 rog,
006bin 117 Tbic. TOHH HedhTn [4, 28, 29].

O6beM HEPELLEHHbBIX MPOBIEM B COOTHOLLUEHUN C
FUraHTCKUMW pecypcamn Nerkon HeTy NPUTArnBann
N NPOAOSHKAOT NPUTArMBaTh K NpobnemMaTnke
Oa>XXEeHOBCKOW CBUTbI FEOSIONOB CaMOro pasHoro
mMacwTada oT MONoAbIX CReLManMcToB 40 akafeMNKOB
AH CCCP n PAH. B pasHble nepuoapl CBOew
Hay4HOW Kapbepbl 3TON NPOH6AEMOI 3aHUMaNNCh

1 NPOJOIKAIOT 3aHUMATLCS CaMble UMEHUTbIE
reonorn-HetaHnku CCCP n Poccun: akag. PAH
A.O KoHTopoBwuY, 4neH-kopp. PAH V.. HecTepos,
akan. AH CCCP n PAH A. A. TpothuUMyK 1 MHOre
ap. Co BpeMeH nepBbIX POHTAHOB A0 CErOAHSALLHNX
OHen OTKPbITO 92 MeCTOPOXXOEHNA NEerkon HeddTH B
OTNOXKEHNAX BAXKEHOBCKOW CBUTHI [2], onpoB6oBaHb!
pas3nnyHble CNocobbl CTUMY ALK MPUTOKOB, B TOM
4MCNE U 3aPEKOMEHA0BAaBLUMIN cebs Ha CnaHLEeBbIX
MecTopoXaeHnAX CeBepHO AMeprKn
MHOrocTtyneHdatsiii [Pl B ropn3oHTanbHbIX
CKBaKMHax, HO CTaTUCTMKa 00Obl4M rOBOPUT cama 3a
cebs. [Mpn Takmx OrpoOMHbIX Pecypcax HakonneHHas
3a BCO UCTOPUIO paspaboTky fobblva HedTh 13
Oa>XEHOBCKOW CBUTbI HEMHOIMMM MPEBbILLIAET 5 MITH.
TOHH [4, 28, 29, 12].

OrnagpiBasicb Ha MEOLLWIM OMbIT, MOXXHO 3aKIHO4UTD,
4TO 3a 45 NeT peannsoBaHa orpomMHas paboTa no
N3YYEHUIO DaXKEHOBCKOWM CBUTbI. O4EBUAHO, YTO HU
OOHOW U3 COBPEMEHHbIX HEPTAHBIX KOMMAHUI He

nog cuny BOMNOTUTb MPOrpaMmMmy MCCNeaoBaHWi,
COMOCTaBMMYKO MO MacLUTabaMm C y)Xe peann3oBaHHOWN.
[Mo3TOMy HaOO0 YEeTKO MOHMMATb, YTO MO3UTUBHbIX
COBUIOB B BOMPOCax reoIorM4ecKoro nay4eHus
6a>KEHOBCKOWM CBUTbI MOXHO OOCTWYb TOMBKO Oyay4n
BOOPY>KEHHbIM MpeaplayLLM OMNbITOM, BbISBMB €ro
«cnabble» 1 HegOCTaTOYHO NMpopaboTaHHbIE MecTa.
[(naBHbIM HEQOCTATKOM MPEeAbIAYLLErO OnbiTa ABNAETCS
OTCYTCTBME AOJHKHOM MNONHOThI (haKTUHECKMX OAaHHbIX.
Tonbko 100% BbIHOC KEPHA 13 NPOOYKTUBHBLIX CKBaXKMH
BMECTE C LUNPOKMM KOMMNEKCOM re0PU3nNyHeckmx,
MPOMbICIOBbIX, FE0NOr0-TEXHOOMMYECKMX 1
nabopaTopHbIX UCCNeaoBaHU NO3BONAIOT OQHO3HAYHO
OMPEenennTb, 3a CHET KaknX XapakTepuUcTUK HEKOTOpPbIE
NHTepBasbl 06ecnevmBatoT NPUTOK HEQTU B CKBaXKUHY
N roe CKOHLEHTPUPOBAaHbI HAaMBObLLINE PECYPCHI
HedbTK. TONBKO N3 OOCTATOYHO MOMHOW COBOKYMHOCTU
nccnegoBaHnn MOXXHO BblOEUTbL Hanbonee

3P PEKTMBHbBIN KOMMAEKC, KOTOPbLIA NO3BONNT
oxapakTepuna3oBaTb CBONCTBA BaXXEHOBCKOW CBUTLI. [1o
Ccux nop nogobHasa paboTa Obina BbIMOJHEHA TONBKO

Ha aByx ckBakmHax CI, npobypeHHbIx Ha BepxHe-
CanbIMCKOM MecTopoXaeHun. Ho camu no cebe
re0NIOrMHYECKME 3HAHWS, HE MOTYT rapaHTMpPoOBaThb ycnex
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companies will form alliances with foreign companies that
possess the latest shale production technologies.

In conclusion, the main weaknesses that currently exist
in terms of developing the Bazhenov are incomplete
geological data and limited study, which only focussed
on remote methods of searching highly producing zones,
and the question of oil production techniques in low-
permeability zones have not been sufficiently studied.
Bearing this in mind, the most valuable experience can
gained from the studying the development of the Bakken
Formation in the United States.

Breaking the Baldken Code

The date of birth of the unconventional industry in

North America can be traced back to 1821 when, near
Fredonia in the state of New York, local gunsmith William
Hart drilled the first gas producing well from the Upper
Devonian deposit of Dunkirk shale formation. This well had
a depth of 70 feet (21.3 m) and a diameter of 1.5 inches
[30]. In 1859, Edwin Drake drilled his first well and proved
that oil can be produced in large quantities, so interest in
shale gas was lost until the 1970’s.

Unconventional oil production in the United States started
much later however, after Amerada Petroleum drilled its

first producing well at Bakken in 1953. The formation was
named after Henry Bakken, who owned the land in North
Dakota where these deposits were first found. In the same
year, geologist J.W. Nordqgvist formally described the Bakken
Formation as a source rock rich in hydrocarbons, which
saturated the surrounding reservoirs due to migration of il [31].

Commercial experience of the Bakken was started by

the Standard oil and gas company in 1953, with well #1

at Woodrow Starr. Full development of the field started

in 1955 and lasted until 1960. The main pay zones were
the Sanish and Bakken formations (the upper part of the
underlying Three Forks deposits). In all, 44 vertical wells
were drilled in the Bakken Formation with an average
production rate of 200 barrels (31.8 m®) per day; the
accumulated production for its commercial lifetime totalled
11 million barrels (1.7 million m3) of oil and 20 billion cubic
feet (0.57 billion m®) of gas [32]. The field was developed
using a 40-acre (~ 16.2 Ha) well coverage.This fairly high
productivity was due to the natural fractures caused

by the steeply ascending subsurface structures [33].
Further development of the Bakken however was deemed
unprofitable.

The 1970’s witnessed a decline in natural gas production
from conventional fields, and the U.S. Government
stimulated research projects in order to develop
technologies to increase production. This led to
technological advances in directional and horizontal
drilling, seismic imaging, as well as in the technologies
of massive hydraulic fracturing (HF). From 1980-2000,
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BCEro nNpoekTa 6e3 OOMKHOW OpraHM3aumn TEXHONOMIA
paspaboTKu.

YHUKaNbHOCTb O@XXEHOBCKOW CBUTbI, Kak ClaHLLeBOn
dopMaumn 3aKtoHaeTCS He TOSIbKO B €€ pasmepax
(6onee 1 MnH. KM?), HO B 8€ eCTeCTBEHHbIX (DOHTaHaXx,
KOTOPbIE BbIOENAOT €€ N3 APYrnX CAaHLUeBbIX hopmaumi
Mupa. Hn ogHa 13 aTnx opmaumii He XapakTepuayeTca
CTOJb MOLLHBIMW ECTECTBEHHBIMU MPUTOKAMMU.
DoHTaHMpYoLLVE OedUTbl 6XEHOBCKOW CBUTbI MOIyT
[OCTUraTb COTHU KyOOMETPOB HETU B CYTKN, MPU

3TOM, B 60J1ee YeM B TPETU CKBaXKMHAX AeOUTbl He Obinin
noJlyyeHbl BoobLLEe. HanbonbLunin AebuT, NpuBeaeHHbI
B ohmLmanbHOM CTaTUCTUKe, cocTaBnsaeT 1248 m3/

CYT., 1 BbIN OOCTUMHYT B ckBavkMHe 141-P CanbiMckoro
MecTopoXxaeHust [15]. Hannume ckBaxknH ¢ 60MbLIMM
OuanasoHoM 0ebUToB (0T «CyXuX» 00 COTeH M3/CyT.)
Onpenenuno CTparTermo U3y4eHmsi CoOBePLLEHHO MHaYe,
4emM ONnst Apyrux chaHueBbix hopmaumi mmpa. Ecam

BO BCEM MUpe cnaHueBble hopmMaLmm nyHanmcb

C Mo3nLMIA pa3paboTKM TEXHONOMUIA CTUMYASLMM
NPUTOKOB, TO OTEYECTBEHHbLIE YYEHbIE MOYTU BCE
YCUMS COCPeaoToHmMnM Ha pa3padoTke TEXHONOMIA
MPOrHO3a BbICOKOMPOAYKTUBHbIX 30H. B 9TOM KOpeHHOoe
OT/INYME OTEHECTBEHHbBIX M 3anafHbIX NOAXOO0B.
OTe4ecTBEHHbIV 1 3anadHbI OMbITbl Pa3ANYHbI MO
CBOEMY COAEPXaHWto. NoaTOMY OOHO U3 HanNpPaBIEHWN,
KOTOPOE MO Celt AeHb ABNAETCH HEAOCTATOYHO

in order to test the effectiveness of new technologies,
the U.S. Federal Government introduced tax benefits for
29 unconventional fields that triggered a new wave of
interest in the shale gas industry [34].

Indeed, the first horizontal well in the Bakken Formation
was drilled in 1987 by Meridian Oil, Inc. This well, #33-

11 MOI, was initially drilled vertically, cored, logged and
tested. The tests showed that it was a low producing well.
Meridien then decided to drill a horizontal wellbore with a
length of 2,603 feet (793.4 m) drilled in the upper part of
the formation with a thickness of 8 feet (2.4 m). The well
was completed on September 25, 1987 with flow rates of
258 barrels (41 m®) of oil and 299K cubic feet (8.5 km?®) of
gas per day. In all, during the period of its operation, this
well produced 357,671 barrels (56.9 km?®) of oil and 6381
barrels of water (1.01 km?). [31]

Due the a fall in oil prices in the 1990s, most companies
abandoned their shale oil and gas experiments. Dick
Finlay, affectionately known as the “Father of Bakken”
did not give up however and is widely credited with
“Breaking the Bakken Code” in 1996. His discoveries
led to the development of the giant EIm Coulee Field in
eastern Montana, now known as the “Sleeping Giant”.
Findlay’s discovery was so significant that in 2006, after
10 years after the discovery, he was awarded the title of
the Explorer of the Year [31]!
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npopaboTaHHbIM, — 3TO TEXHONOMMYECKNEe acrneKThbl
CTUMYMSLMN NPUTOKOB Y ONTUMASbHbIX KOHCTRYKLIMM
CKBaXXMH ONs1 pa3paboTkn DaXKEHOBCKOW CBUTHI.
[Mo3TOMy poccunckire OobbiBatOLLME KOMMaHU 1oy T
Ha co3gaHne albaHCOB C 3anafaHbIMY KOMMaHNaMM,
VIMEIOLLIMI TEXHOIOMMM Pa3paboTK CRaHLEBbIX
MECTOPOXAEHWN.

Takm 06pasoM, rnaeHbIMK CladbIM CTOPOHAMM
CYLLIECTBYIOLLEro onbiTa no 6aKeHOBCKON CBUTE
ABNAOTCS OTCYTCTBUE OO/HKHOM MOSHOTLI (PAKTUHECKIMX
JaHHbBIX 1 y3KOHaMpPaBNeHHOCTb OCHOBHOW CTpaTerim
N3y4eHust, KoTopas bbina HaleneHa ToMbKo Ha

® @ ® ® ® ®

Tpu chopke
Three Forks

,D,OJ'IOMI/ITbI/I/IﬂI/ICTbIe LOONOMUTBI

CnaHup!
' 2 Dolomite/Silty Dolomite

Shale

3l

CnaHueBaTblil N3BeCTHSK//13BeCTKOBbIE CraHLibl 4
Shaley Limestone/Limey Shale

Findlay’s discovery lay in the fact that a few miles from
Sidney, Montana, in the Bakken formation, he found a
layer of dolomite between two layers of shale (Fig. 1).
He later discovered in other areas grained sandstone
with a high content of carbonate material [36]. In both
cases, these rocks had reservoir properties that were
insufficient for development. It is well known that
dolomite and sandstone that include voids are good for
oil reservoirs. Findlays theory was very simple: if you
drill a well in dolomite and create a system of fractures
in the right direction, it will become a reservoir for oil,
which will saturate the surrounding shale source rocks.
Findlay was hoping that unlike other methods, this

® ® ®

JNomxknon / Lodgepole
20°¢ BepxHuii BakkeH
Upper Bakken

60" CpepnHuin BakkeH
Middle Bakken

40° HwxHWIN BakkeH
Lower Bakken

Tpw chopke
Three Forks

CaHuw
Sanish

[Meckun
Sand

Puc. 1. CxematunyHoe paspes opmaLiym BakkeH no gaHHbIM [35]: 1 — GBUTYMUHOSHbIE MHBI; 2 — AOSOMUT,
aNEBPUTUCTBIN OOSIOMUT; 3 — MIMHUCTBIA AOSIOMUT; 4 — NecHaHnK

Fig. 1. A schematic section of the Bakken formation according to the data [35]: 1 — bituminous shales; 2 — dolomite,
silty dolomite; 3 — argillaceous dolomite; 4 — sandstone

pPas3padboTKy ANCTaHLIMOHHBIX METOA0B MOMUCKa
BbICOKOMPOOYKTUBHbIX 30H, MPY 3TOM BOMPOChHI
TEXHONOMMIM N3BNEYEHNST HEPTN B HU3KOMPOHNULIAEMBIX
30Hax He Dbl AOCTaTO4HO NpopabdboTaHbl. B aTom
CMbICe Hanbonee LieHHbIM SBASIETCS OMbIT pas3paboTKy
dopmaumn bakkeH B CLLA.

«B3nom Kopa baKkkeHa» B GLUA

[aTol 3apoXxaeHnst cnaHLeBon aHepreTuky B CeBepHOM
AMEPVKE MOXXHO cHmTaTb 1821 1., koraa B3 r. ®penoHns
(WwraT Huto-V1opK) MECTHBIM OPY>KEMHMKOM Bunbsmom
XapTom Bblna npobypeHa NepBasi CKBaXKMHA ANA A00bIHM
rasa 13 cnaHueson gpopmMaumn JaHKMPK BEPXHETO
OeBoHa. OTa CKBaxKMHa mena rnybuHy 70 dyTos (21,3

M) n anameTp 1,5 gronma [30]. B 1859 rony SasuH dpank
npoGypu CBOK MEPBYIO CKBAXKMHY 1 foKa3al, YTo HeTb
BO3MO>XHO MPON3BOANTL B BOMbLUMX 06bemMax, Mo3TOMY
WMHTEPEC K CNaHLEBOMY rasy nponas BrioTb A0

1970-x rogos.

[obblHa cnaHueson HedbTu B CLLIA cTapToBana
HaMHOIO MO3XKe, MOCcSe TOr0 Kak KOMMaHnen «AmMepaga
MeTponeym» B 1953 rogy Ha hopmaumio BakkeH

Oblna NpobypeHa NepBas 40ObIBAOLLAA CKBaXKMNHA.

OT1a hopmaums nonyymna CBoE Has3BaHVe B YECTb
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approach would make oil production from the huge
Bakken formation profitable. To try this theory, Findlay
needed a sponsor who had money and experience of
horizontal well hydraulic fracturing. His dream came
true when Halliburton decided to check out his
theory. [31]

In 1998, Halliburton invested in several programs to drill
the Bakken, which started in early 2000. The first well,
which was named in Halliburton as the “Burning Tree
State” was expected to have a vertical bore of 10,000
feet (3048 m) and a horizontal bore of 3,000 feet (914.4

m). Because of drilling problems the well was drilled

to a depth of 12,000 feet (3657.6 m), but this did not
prevent the hydraulic frac program and completion of
the well from being fully implemented. As a result, the
oil production rate exceeded all expectations [31]!

The success of Halliburton inspired other companies to
actively develop the Bakken. At the same time, the U.S.
Geological Survey (USGS) began a study to determine
the actual reserves, and how it would affect the
production of oil in the United States, which at that time
was at a record low. What the USGS found surprised
even them and caused a sensation in the national
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3emnesnagensLa r'eHpu bakkeHa, KOTopbIn Bnagen
3emnen B Wwrate CeepHas JakoTa, rae Bnepsble Obin
0BHapy>XeHbl 3T OTNoXXeHns. B sTom »e 1953 roay
reonor [x.B. HopakeucT hopmansHo onvcan bakkeH
Kak boraTyro yrneBofopoaamMmn HehTeEMaTEPVHCKYHO
rnopony, kotopasa 6aarogapst MMrpaumn HacbITuna
HedTbiO OKpY>KatoLLMe KonnekTopbl [31].

[MNepBbI NPOMBILLNEHHbIN ONbIT Pa3padoTkn opmMaLim
BakkeH nonyyeH komnanven «CtaHgapT Onn aHg ac»
Ha MECTOPOXOEHNN «AHTUNONA», FAe HEMTEHOCHOCTb
ITUX OTNIOXEHWUI BblABNEHa CKBaXKMHOM Ne 1 Byapo
Crapp B 1953 rogy. PaspaboTtka ctapToBana B 1955 rogy
¥ npogomkanack Bnnotb 4o 1960-x rogos. OCHOBHbIMM
NPOAYKTUBHBLIMY FOPU30HTaMU SBASNNCE hopMaLim
BakkeH 1 CannL (BepxHSA YaCcTb MOACTUIAKOLLIMX
oTnoxeHun Tpu hopke). Beero Ha hbopmaumo bakkeH
66110 NPoBypeHo 44 BEPTUKaSIbHBIX CKBaXKMHBI CO
cpeaHum aedutom 200 bappenelt (31,8 M3) B cyTkM,
HaKoMMeHHas 3a Bpems akcnayatauum gobbi4a —

11 MaH. 6appenen (1,7 MnH. M3) HedTn 1 20
MUNNMapaoB Kybudeckux dyTos (0,57 mnpa. m3)

raza [32]. MecTtopoxxaeHune paspabaTbiBanoch rno 40
aKpoBoW (~16,2 ra) ceTke CKBaKMH. [JoCTaTO4HO BbICOKas
NPOOYKTUBHOCTL OOYCNOBEHA 3a CHET ECTECTBEHHOM
TPELLMHOBATOCTW, OOYCNIOBNEHHOW KPYTOBOCXOASLLEN
CTpyKTypon [33]. Ho B ocTanbHOM paspaboTka
dopmaLmn bBakkeH sSBnsnack HepeHTabensbHON.

B 1970-x rogax nponsoLno CHUKeEHNE 000bI4K
NMPUPOAHOMO rasa Ha 06bl4HbIX MECTOPOXAEHMSX

1 npaBuTenbcTBo CLUA cTano MHTEHCUBHO
CTUMYNMPOBaTb UCCnefoBaTeNbCKME NPOEKThI MO
pa3paboTke TEXHOMOMMM NO3BONSIOLMX HAPACTUTL
000bl4y. OTO MPMBENO K 3HAYUTENBHOMY MPOrPECCY

KoHaykTopHas obcagHas KonoHHa

Surface Casing \A

A

BopgHoe 3epkano
Water Table

.

BepxHuin BakkeH (CnaHLipbl)
Upper Bakken (Shale)

CpepnHnin BakkeH (necHaHmkn/
[0NOMUTBI)

Npreee

Middle Bakken (Sandstone/Dolomite]

Wells drilled to depth of approximately 10,000 feet

HxH1IN BakkeH (CnaHLpl)
Lower Bakken (Shale)

-

CKBaXVHbI MPOoBypeHHble Ha ryouHy okono 10,000 dyToB

Tpw hopkc (neckm)
Three Forks (Sand)

CnaHubl BakkeHa MoLHOCTBI0 okono 145 dyTos

Bakken Shale approximately 145 ft thick

Puc. 2. Cxema NpoBOOKM FOPU30HTabHBLIX CKBaKMH MO
OaHHbIM [36]

Fig. 2. The scheme of horizontal wells according to [36]
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press for many years. The U.S. Energy Information
Administration (EIA) forecast indicated that that U.S.
oil companies could expect to harvest a whopping
503 billion barrels of oil (80 billion m?) from the Bakken
formation! [31]

The well-proven approach to developing Bakken is to
penetrate the dolomite/sandstone of Middle Bakken
with horizontal wells, have long horizontal wellbores
(5000-10000 feet or 1524-3048 m) and then perform
multistage hydraulic fracturing in consecutive sections
[36] (see Fig. 2.) Basically, it turns out that the
productivity of the wells was largely due to where they
were drilled. The most successful wells were drilled in
areas characterized by natural fracturing [33].

Today, the Bakken is one of the largest continuous
hydrocarbon accumulations in the world. The reservoir
is characterized by AHFP, so the wells have high

initial production rates. Pressure at the Bakken exists
because the conversion of organic substances far
exceeded its original volume and because its inability

to leave the oil source rocks it remains “locked” inside.
The availability in the Bakken of low porosity layers of
dolomite and sandstone susceptible to fracturing, which
initially have low permeability and reservoir properties,
allows operators to use hydraulic fracturing to create
an extensive system of drainage channels. Abnormally
high reservoir pressures, combined with the benefit of
artificial well intervention of the flows, allows each drilled
well to produce from 600K to 700K barrels (95.4-111.3
km?3) of oil during its lifetime [31].

Oil production in North Dakota started to grow in
2008, and reached 150K barrels (23.8 km?) per day.
In 2012, North Dakota had already started producing
768K barrels (122.1 km3) of oil per day from more
than 3,000 operating wells. Production growth totalled
412% in just four years [31]. If this is not a boom, then
what is it?!

Thus, the main lesson to be learned from the experience
of the development of the Bakken shale formation in the
United States can be summarized as follows. Despite

its name, the “shale oil” is not produced from shale,

but from layers of dolomite and sandstone, deposited
within the shale formation. Initially, these rocks have

low reservoir quality, but hydraulic fracturing creates an
additional fractured system, which results in the interlayers
of dolomites and sandstones becoming sufficiently
permeable for oil recovery. The development of these
beds using horizontal wells can significantly increase the
extent of fluid movement.

In part 2 of this article, in the next issue of ROGTEC,

we will look at the search for the “Middle Bakken” at the
Bazhenov formation.
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B 00/1aCTSAX HANPaB/IEHHOO Y FOPU30OHTANIBHOIO
OypeHusi, cencMmopasBeiKkun, a Takxxe B TEXHONOMMAX
MacCuBHOro rmgpopaspsisa nnactos (FPM). B 1980-
2000 rr. ansa oTpaboTkm 3P PEKTUBHOCTN HOBbIX
TexHonorunm denepanbHoe npasutTenscTeo CLUA
BBEJIO HA/IOroBble NbroThl A4 29 HETPAOULMNOHHBIX
MECTOPOXAEHWI, YTO BbI3BANIO HOBYIO BOJIHY MHTEpPECA
K CnaHLeBown aHepreTuke [34].

[MepBas ropndoHTanbHasd CKBaxkiHa Ha hopmaumio
BakkeH 6bina npobypeHa 1987 rogy KoMnaHuen
«Mepuaman Onn». CkeaxkmHa Ne33-11 MOI
M3Ha4anbHO 6bina NpobypeHa BEPTUKANBHOW, B HEW
Obln 0OTOBpaH KepH, caenaH KapoTaxX 1 NPOBEOEHO
ncnbitaHne. BeinoNHeHHbIE MCCNeaoBaHns nokasanu,
4YTO CKBaXKMHa okasaNnacb HW3KOMPOAYKTUBHOM.
Torpga 66110 NPUHATO PELLEHNE O BypeHUN
FOPU3OHTaIbHOro CTBOJMA. [OPU30OHTaNbHbIN CTBOJ
aonvHom 2603 dyTa (793,4 M) Obln MPOBEOEH B
BepxHen 4actu opmaLmm MoLHOCTbIO 8 dyToB (2,4
M). CkBaxKMHa Obinia ocBoeHa 25 ceHTsa6ps 1987 roga
c nebutamn 258 bappenen HedpTn (41 M3) B cyTKM

n 299 Tbic. Kybuyeckunx dyTos (8,5 Thic. M%) raza.
Bcero 3a Bpemsa pa3paboTkn 3Ta CKBaXKnHa obbina
357671 6appens HedhTH (56,9 Tbic. M3) n 6381
6appenen Boabl (1,01 Tbic. m3) [31].

B 1990-e B cBA3M C NageHMeM LEH Ha HE(DTb
BO0bLLIMHCTBO KOMMaHUI BblHY>XOEHbI OblI OTKa3aTbCs
OT SKCMEPUMEHTOB C A0ObIMEN HEDTU N3 CNaHLEBbIX
nopof. Ho Hallencs reonor-aHTy3mnacT, KOTOPbIN

He cobupanca cgaBaTbes. Ero uma — Juk GuHgnn,

1 OH N3BECTEH KaK «0Tel» bakkeHa. VIMeHHO emy
npununceiBaeTcs «B3510M Koga bakkeHa» B 1996 roay,
KOTOPbIM NPUBEN K Pa3BUTUIO MECTOPOXAEHWS-
ruraHTa 9nom Koynu B BocTo4HOM MoHTaHe, cendac
M3BECTHOro Kak «Cnawmi ruranT». OTKpbITne GuHonm
ObINO HACTOMBbKO 3Ha4YMMbIM, 4TO B 2006 rogy, cnycTa
10 neT ¢ MOMeHTa OTKPbITUS, eMy OblNIo MPUCBOEHO
3BaHue «[lepBoOTKpbIBaTENL roga» [31].

OTkpbITME PMHAM COCTOANO B cneaytoLlem. B
HECKONbKMX MUASX OT CuaHes (wtat MoHTaHa) B
dhopmaumm bBakkeH oH 0B6HapYXXW cnon gonoMmmiTa
MexXxnay OBYMS CosMu craHues (puc.1). Tosxe B
Opyrux panoHax b1 0OHAPY>XKEH TOHKO3EPHNCTLIN
necYaHuK C BbICOKUM COAep KaHnem kapboHaTHOro
MaTepuana [36]. B o6oux cnydasx aTn nopoabl
obnagann HegoOCTaTOYHBIMK 019 Pa3paboTKu
PUNbTPaLMOHHO-EMKOCTHBIMK CBOMCTBaMMU.
O6LEeN3BECTHO, YTO OOIOMUT U MECHaAHVIK MPU Hannymm
MyCTOT ABAATCA XOPOLUVMMUN KONNEKTOPaMn A5
HedTn. Teopusa PuHaNM Oblfa NPEAenbHO NpocTa:
€CNn B 0ONOMUT NMPOBYPUTb CKBaXKUHY 1 CO3AaTb
CUCTEMY TPELLMH B NpaBUibHOM HanpasneHuun, To

OH CTaHeT pe3epByapoM A/1d HeDTU, KOTOPbIN OyayT
nnUTaTbh OKPY>KaloLLMe ero HehTeMaTePUHCKNE CRaHLb!.
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OUHOM HAOEANCS, YTO B OT/MYME OT OPYrX METOOOB,
3TOT noaxoq caenaet Aobbldy HEDTU 13 OMPOMHOM
dhopmMaumn bakkeH peHTabenbHon. [dnsa NpoBepKu
CBOeN Teopun GUHONM HY>XAancs B CMOHCOpPE, Y
KOTOPOro OblV AeHbMM 1 OMbIT NpoBeaeHust Pl

B rOPU30HTanbHbIX CKBaXKMHaxX. Meyuta OuHomv
OCYLLECTBMIACh Koraa KoMnaHns «XannmoepToH»
PEeLWmnncs NPOBEPUTL ero Teoputo [31].

B 1998 rogy Komnanus «XannmbepToH» MHBECTMPOBaNa
B HECKOJIbKO MporpamMm bypeHuns bakkeHa, KoTopble
cTaptoBanu B Hadane 2000 roga. NepBas ckBaxkuMHa,

KOTOpY!O B «XannmbepToH» okpecTunu Burning Tree
State, gomkHa 6bina MMeTb BEPTUKASbHbBIA CTBON

B 10000 chyToB (3048 m) 1 3000 chbyToB (914,4 ™M)
ropn3oHTanbHOM cTBOMa. V13-3a Npobnem BypeHus
CKBaXKMHa Bbina npobypeHa Tonbko Ao raybuHel 1200
dyToB (3657,6 M), HO 9TO HE NOMELLANo BbINONHUTL
nporpaMmy CTUMYNALMA 1 OCBOEHUST A0 KoHUA. B ntore
0obbl4a Hed T NpeBbicUNa camMble cMenble MeyTbl [31]!

Ycnex kKomnanum «XaniambepToH», BOOXHOBU Opyrue
KOMMaHUM Ha akTUBHYIO pa3paboTky bakkeHa. B Toxe
Bpems reosjorndeckas cnyxxba CLUA (USGS) Havana
NCCNefoOBaHWE C LESbIO ONPenennTb, HACKOIbKO
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BENNK HEOXKMOAHHO OTKPbIBLUMACA HEDTAHON Pe3eps,
1 Kak OH MOBMMSAET Ha Npon3BoacTBO HedhTh B CLLIA,
KOTOPOE B TO BPEMS ObI1I0 HA PEKOPOHO HN3KOM
ypoBHe. To, 4To obHapyxunu B USGS npuseno

VX B KpanHee yamMBfEHE N CTaNo ceHcaunen B
HaumMoHasbHbIX raseTax Ha goarve rogsl. llocne storo
YnpaBneHue aHepretudeckon nHdopmaumm CLLA
(EIA) coenana NporHos, 13 KOTOPOro cnenoBasno,

4YTO aMepUKaHCKMe HeTsaHbIE KOMMAHNN MOTYT
paccynTbiBaTb Ha ypoxkan ¢ bakkeHa B KonoccanbHble
503 mnpa. 6appeneint HedhT (80 mnpa. m°) [31]!
3apekomeHaoBaBLIni cebs Noaxon kK paspabdoTke

BakkeHa coCcTonT B TOM, YTOObI BCKPbIBATb CNOM
cpenHero bakkeHa ropu3oHTaNbHbIMU CKBaXKMHAMM
C OMHOW ropudoHTanbHoro cteosia 5000-10000
dyToB (1524-3048 m), a 3aTeM nocnefoBaTesibHbIMA
cekumamm BbinonHaTe Pl [36] (cMm. puc. 2). Kak
OKazanocb, NPy STOM NMPOAYKTUBHOCTb CKBaXKWHBbI
BO MHOIOM OnpenenseTcs MeCTOM e€ 3aI0XKEHS.
Hanbonee ycneluHble CKBaXKWHbI 6bin MPOBypeHb!

B 30HaX, XapaKTEPU3YIOLMXCA eCTECTBEHHBIM
HaNPsPKEHHbIM COCTOSAHMEM, 0BYCNOBNEHHBIM
HanM4Mem NokanbHOM cknag4atocTu [33].

CerogHst bakkeH cuMTaeTcst OAHUM N3 KPYMHENLLINX
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HenpepbIBHbIX CKOMMEHUI YrNeBOAOPOA0B B MUpe. ITO
NNacToBbIV pe3epByap, KOTOPbLIN XapakTepusyeTca
aHOMaJIbHO BbICOKVM M1aCTOBbIM AaBfEHNEM,

NOSTOMY CKBaXKVHbI UMEIOT BbICOKME HavaslbHble
[ebutbl. 3bbiTouHOE faBneHne B bakkeHe

BbI3BAHO TeM, 4TO 0ObeM HedTH, 0OpPa3oBaBLLENCSH

B pe3ynbTare npeobpas3oBaHnst OpraHN4ecKkoro
BELLECTBA, NPEBbILLAET ero NCXoaHbih 0obem. U3-

3a HEBOSMOXXHOCTU MOKUHYTb HE(DTEMATEPUHCKYHO
TONWY HedTb OCTanachb B HeW «3anepTon». Hanuune
BHYTPW BakkeHa NpoCcnoeB HU3KOMOPUCTbIX, HO
CKJTOHHbIX K 06pa30BaHnto TPELLUWH JONOMUTOB U
NEeCYaHNKOB, KOTOPbLIE M3HAYaIbHO 06Nafat0T HU3KMMU
PUNbTPaLMOHHO-EMKOCTHBIMU CBONCTBaMM, NO3BONAET
C NMOMOLLBbIO MMOPOPa3pbIBOB CO34aTb Pa3BETBIIEHHYIO
cucTemMy punbTPaLOHHbIX KaHanoB. AHOMasIbHO
BbICOKOE M1aCTOBOE AAaBJ/IEHNE B COYeTaHun C
OOCTVKEHNAMK B 0BNACTN NCKYCCTBEHHOM CTUMYNALIMN
MPUTOKOB, MO3BOMSAOT KaXKOO0W NMPOOYPEHHON CKBaXKMHE
B TeYEHME CBOEN XN3HM NpondBoamTb 600-700 ThiC.
bappenen (95,4-111,3 Tbic. M%) HedhTn [31].

HobbiHa HedbTn B CeBepHon [dakoTe Havana

pacTti B 2008 rogy, korga gocturia yposHd B 150
Tbic. bappenen (23,8 Tbic. M%) B cyTkn. B 2012

rogy CesepHasa [dakoTa y>xe gobbisana 768 Tbic.
bappenen (122,1 Tbic. M%) B AeHb 13 6onee vem 3000
paboTarLmMX CKBaXKMH. TakumM 06pa3oM, NpupocT
[o6b14m coctasun 412% Bcero 3a YeTbipe roga [31].
Ecnn o710 He Bym, TOrga 4To 3107

Taknum 06pas3oM, raBHbIN YPOK, KOTOPbIA MOXXHO
N3BfEYb N3 OMblTa pa3paboTKn crnaHLeBon hopmMaLmn
BbakkeH B CLLA, MOXXHO cchopmMynmpoBaTb CAeaytoLLIM
obpasoM. HecMOTpst Ha CBOe HasBaHue, «CnaHLeBas
HedTb» 0OOLIBAETCS He U3 CAAHLEB, a N3 NPOCIIOEB
JonomMmuTa 1 necyaHuka, Haxo4ALMXCH BHYTPU
cnaHueBon hopmaumn. IsHa4anbHO 3TW Nopoapl
obnafaroT HU3KUMU KOJNIEKTOPCKMMIK CBOMCTBaMM,

HO 6narogaps Pl B HUX co3gaeTcsa AONONHUTENbHAS
cucTemMa TPEeLLUVH, B pesynbTaTe KOTOPOW NpOCion
OOIOMUTOB M MECHAHMKOB MPUOBPETaoT OOCTATOYHYIO
ONs1 U3BAeYeHust HedpTy NPoHNLAaeMocTb. PaspaboTka
3TUX BKJIKOYEHNA C MOMOLLLbIO FTOPUSOHTasbHbIX
CTBOJIOB MO3BOJAET 3HAYNTENBHO YBENNYUTL pagnyc
OPEeHnpoBaHS.

Bo BTOPOW 4acTv CTaTby Mbl PACCMATPHBAEM [TOUCKM
«CcpegHero bakkeHa» B baxxeHOBCKUx roposgax.

SALYM
s PETROLEUM

<
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