B TEPCIMEKTMBHbLIE TEXHONOIMA

HeTpaonumoHHbIE UCTOYHNKIN
VYrNeBOAoPOA0B: ClaHLIEBLIV MYy3blDb
NI ClaHLEBasT DEBOSIHOLIAA

Unconventional Sources of
Hydrocarbons: Shale Bubble
or Shale Revolution”?

B nocneaHme HECKOJIbKO JIET BO BCEM MUPE MOCTOSIHHO PAacTET BHUMAaHWE K Mpobsieme OCBOEHMNS] HETPRAANLIMOHHBIX
PECYPCOB Yr/IeBOAOPOAOB. BbICKa3bIBAKOTCS ANAMETPASBbHBIE TOYKM 3PEHMST: OT JKOPUM M0 MOBOAY «CAaHLIEBOM
PEBOJIOLIMINY [1O KPAVIHE CKEMTUHECKUX MHEHV Pa3/INYHBIX SKCEPTOB, XapaKTEPUIYIOLLIMX AaHHOE SB/IEHNE

KaK «CJIaHLIEBbIV y3biPk». YTOObI 4715 OTAE/BHO B3SITOM KOMIaHW BOSMOXKHAST PEBOJIFOLIMST HE CTasa My3blPeM,
HEOBXOAMMO MOArOTOBUTHECS M BOORYXKUTBCS — MPEXAE BCEr0, TEXHOIOMMSIMU.

For the last several years, the topic of unconventional hydrocarbon resources development has become increasingly
popular across the globe. It is also a controversial topic, with opinions ranging from euphoric announcements of a
“shale revolution” to highly sceptical expert reviews characterizing that phenomenon as a “shale bubble”. If a company
wants to avoid falling victim to a potential breakthrough turning into a bubble, it needs to be prepared and arm itself,

above all, with technology.
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HeTpaanumoHHble pecypchbl — 3TO PECYPChI
yrneBoOopPOAO0B, U3BMEHYEHNE KOTOPBIX HEBO3MOXHO
TPaAMLMOHHBIMU METOAAMM, TO ECTb 3a CHET DypeHus
OObIHHBIX CKBaXKVH C MPUMEHEHNEM CTaHOAPTHbIX
METOAOB MHTeHCcUdUKaumm 0obbiHm. CBA3aHO 3TO C
MPOHVLIAEMOCTBIO BMELLIAIOLLIMX MOPO[, KOTopasi IpsiMO
nponopLVoHanbHa AebUTy AobbiBatoLLEN CKBaXKMHBI. Ha
CTaHAAPTHbBIX MECTOPOXAEHUSAX HEPTAHbIE KOMMaHUK,
Kak npaBunsio, paboTatoT C MPOHMULIAEMOCTBIO HE MEHee

1 mA. Mpu npoHnuaemoctn 1 M, 0ebUT »KMOKOCTH
CKB&XXHbI, B 3aBNCYMOCTM OT MOLLIHOCTW njacTa 1
cnocoba akcnnyataumm, coctaBngeT o1 5 o 50 M3 B
CyTKW. INpoHNLEaEMOCTb HETPAANLIMOHHBIX KONIEKTOPOB
MOXKET 6bITb B 100-1000 pas MeHbLLE — COOTBETCTBEHHO,
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Unconventional resources are hydrocarbon resources
that cannot be extracted using conventional means, that
is, drilling conventional wells and stimulating the target
formation using conventional techniques. That has to do
with permeability of the reservoir rock which has a direct
influence on production well flow rates. In conventional
fields, oil companies normally deal with producing formation
permeabilities in excess of 1 mD. At a permeability of 1
mD, well flow rates can range from 5 to 50 cu. m per day
depending on the formation thickness and selection of

lift type. Permeability of unconventional reservoirs can be
100-1000 times lower, and consequently, the initial flow
rate of a “standard” well will be lower by the same order of
magnitude.
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PROMISING TECHNOLOGIES H

BO CTOJSIbKO >Ke pa3 MeHbLLe OyaeT 1 HadYanbHbIi 0eduT
«CTaHOaPTHOWM» CKBaXKMHbI.

Teopua npoucxoXxaeHuna

Ecnn npnoep>xmBaTbCs OpraH1H4eckon Teopuin
MPOUCXOXOEHNS YINEBOAOPOAOB, HEDTb 1 ras
00paszyTCs U3 OpraHNYecKMX OCTaTKOB, KOTOPbIE
COXPaHUIMCb B 0CaA04HbIX MOPOAAx U AOCTUMN
onpeneneHHon TemnepaTypbl U AaBNEHUS (3PeNocTy)

B MPOLIECCE re0NOrM4ecKoro passuTus. HanbonsLunii
0OBbEM OPraHNHECKNX BELLECTB COAEPXKUTCS B MIVHUCTbBIX
nopoaax (CnaHuax), KOTopble OTiara/inchb B YCNOBUAX
rNyboKOro Mopsi, Fae 13-3a HU3KOro COAepP KaHms
K1cnopoaa 06ecnevnBaeTcst COXPaHHOCTb OPraHMKK.
Takvie NoOpoAp! eLLle Ha3bIBatOT HeE(DTEMATEPUHCKIMN.
LocTurHyB onpeaeneHHoro ypoBHS 3peiocTy,
OpraHnyeckoe BeLLEeCTBO Ha4MHAET Npeobpas3oBbiBaTLCA
B Yr1IeBOAOPOAb!, BHAYae NpenmyLLECTBEHHO B HEDTh,
MOTOM B ra30KOHAEHCaThl 1 3aTeM B raa. [pu aTom
0b6pa30BaBLLMECS YrIEBOA0POAb! MMEKOT 60MbLUMIA 0OBbEM,
YeM MCXOOHOE OpraHnYeckoe BELLECTBO. OTO MpUBOAUT

K 1N30bITOHYHOMY
[OaBneHnto, 3a
CYET KOTOPOro
YrNeBOAOPOAp!
CO3[atoT B MmMHax
MUKPOTPELLMHBI 1
MpPOCa4MBaKOTCS
3a npeaenb
HepTeMaTEPUHCKON
nopoap!.

Ecnu cnaHubl 3aneraroT no CoceAcTBy C XOPOLLO
MPOHMLIAEMbBIMI MOPOdaMU (KOIEKTOpamy), TO
YrNEBOOOPOAbl HAYNHAKOT 3aroHATb UX U ABUraTbCSA

K 3eMHOW MOBEPXHOCTN, 0BPa3oBbIBasi NP HaINYNA
JIOBYLLIEK N MOKPbILLEK TPAAWLMOHHBIE MECTOPOXXAEHNSA
YrNeBoaopPOaAoB. ECcm »xxe NpoHMLIAEMOCTb KOMIEKTOPOB
O4YeHb HU3Kas!, TO 3arnoJHAOLLME VX YreBOAOPOab!

He MOryT MUMPUPOBaTh Ha BOMbLUVE PACCTOAHNS.

B pesynbTaTe B MIOTHbIX KONNEKTOPAX, AaXKE B
OTCYTCTBWE NIOBYLLIEK, 0OPa3YtOTCH HETPAANLIMOHHbIE
3aeXXn yrneBoaopoaoB. Takme 3anexxu no 3anagHom
TepmmHoniorm HasbiBatoTes Tight Oil n Tight Gas.

[Mpr 3TOM 3HaYMTENBHAS YaCTb CreHePUPOBaHHbBIX
yrNeBoOpPOA0B OCTaeTCHA B MMKpOMopax 1
MUKPOTPELLMHAX HehTEMATEPUHCKMX Mopo[, KOTopble
obnagaroT AOCTaTOMHO BOMbLLOW OBLLEN MOPUCTOCTHIO
(10-30%). B cutyaumun, korga HedpTemaTepuHcKme
MopOdbl HE KOHTAKTUPYIOT C KOMIIEKTOPaMM

1 OrpaHnYeHbl HENPOHMLLAEMbIM MOPOAAMN,
CreHeprpoOBaHHbIE YrNeBOOOPOAbI POPMUPYHOT 30HbI
aHOMaUTbHO BbICOKOIO MaCTOBOrO AABEHNs, KOTOPOe
0bpasyeT JONONHUTENBHYIO TPELLMHHYIO EMKOCTb,
No3aToMy 06bEM YrNEBOAOPOAOB B HEhTEMATEPNHCKOWM
NopPOAE MOXKET MPEBbILLATL BEANYMHY Ha4aIbHOM OBLLIEN
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“ 3HaunTenbHas HYacTb CreHePPOBAHHbBIX
YrNeBoaopOa0B OCTAETCS B MUKPOMOpax U
MUKPOTPELLMHAX HEDTEMATEPVHCKMX MOPOL,
A considerable portion of the generated
hydrocarbbons remains in the micro pores and
micro fractures of the source rocks , ,

Theory of Origin

According to the organic theory of the origin of
hydrocarbons, oil and gas are generated from organic
matter preserved in sedimentary rocks and subjected to a
certain temperature and pressure (maturity) in the process
of geologic development. Most of the organic matter is
contained in shaly rocks (shales) which were deposited

in deep marine environments where low oxygen levels
ensured preservation of the organic matter. Those rocks
are also called source rocks. Having reached a certain
maturity level, the organic matter starts transforming

into hydrocarbons, initially into oil, and later, into gas
condensate, and eventually, into gas. The volume of newly
generated hydrocarbons is larger than the volume of the
source organic matter. That creates excessive pressure
which causes the shale to develop micro-fissures and
allows the hydrocarbons to seep beyond the source rock.

If the shales are deposited next to good permeability

rocks (reservoirs), the hydrocarbons start filling them up
moving toward the earth surface, and if they encounter
traps with caprock
on the way, they
form conventional
hydrocarbon fields.
However, if the
adjacent reservoir
rock has very low
permeability, the
hydrocarbons that
fill it up cannot
migrate over a

long distance. As a result, even with no traps in place,
hydrocarbon deposits are accumulated in tight reservoirs.
In western terminology, those deposits are called tight oil
and tight gas deposits. In that process, a considerable
portion of the generated hydrocarbons remains in the micro
pores and micro fractures of the source rocks which have
quite good total porosity (10-30 percent). In cases where
the source rock has no contact with the reservoir rock

and is constrained by impermeable rocks, the generated
hydrocarbons form zones of abnormally high formation
pressure which creates additional fracture space volume,
and therefore, the volume of hydrocarbons in a source rock
can exceed the initial total pore volume. In western terms,
such accumulations formed in source rock are called shale
oil and shale gas deposits (Fig. 1).

In order to get an idea about the volume of unconventional
hydrocarbon resources potentially contained in tight
reservoirs and organic matter-rich shaly rocks, the volume
of generated hydrocarbons may be compared with the
volume of conventional resources in well-studied petroleum
basins. Normally, only 1-3 percent of the total volume of
generated hydrocarbons finds its way into conventional
fields. The rest migrates to the surface, gets dispersed
along the migration channels or is concentrated in
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Puc. 1 Cxema hopmMmMpoBaHKs 3anexxen yrieBoaopoaoB
Fig. 1 Hydrocarbon deposit formation schematic

TpaauunoHHble mecTopoXxaeHua YB
Conventional Oil and Gas

3anexu YB B nnoTHbix Konnekropax
Tight Oil and Gas

3anexxu YB B HehTemMaTepUHCKUX
nopopax
Shale Oil and Gas

MOPUCTOCTW. Takne CKOMIeHNs B HehTeEMaTEPUHCKINX
nopoaax Ha3blBarOT 3anexxamim CraHLEBON HEDTU 1
CNaHLEBOrro rasa, 1 rno 3anagHorn TepMrHonorum Shale
Oil n Shale Gas (Puc. 1).

[ns oLueHKM NoTeHUManbHOro 06 bemMa HETPAANLIMOHHBLIX
YrNeBOOOPOA0B, KOTOPbIN MOXXET COAeP»KaThCs B
MAOTHbIX KOMNEKTopax 1 6oraTbiX OPraHVKOW MINHUCTbIX
nopodax, MOXHO CPaBHUTbL 0O LEM CreHepPUPOBaHHbIX
YrNeBOO0POA0B U BENNYMHY TPAAULVMOHHBIX 3arnacoB

B XOPOLLIO U3Y4YeHHbIX HeTEra30HOCHbIX GaccenHax.
Kak npasuno, niib 1-3% 0T BCEro CreHeprpoBaHHOIO
obbema yrneBoJopoaoB NonagaeT B TPAAULMOHHbIE
MecTopoXkaeHus. OcTanbHOM 06 bemM MUMPUPYET Ha
MOBEPXHOCTb, PaCcCenBaeTCd Ha NyTAX MUrpaLmm 1
KOHLEHTPUPYETCS B HedhTeMaTEPUHCKMX Mopoaax

N NNOTHbIX KoekTopax. [Jons creHepupoBaHHOroO
obbema yrneBoJopOaOB, KOTOpPas OCTaeTCs B MOTHbIX
KOJNEKTOpaXx, 3aBUCUT OT KOHKPETHbIX FE0NIOMMYECKIX
YCOBUI paccMaTpmrBaeMoro baccenHa 1 MOXeT
BapbMPOBAaTLCSA B LUMPOKMX Npeaenax, Ho Takxe
OCTaeTCs HE3HAYNTENBbHOWM 11 COCTaBNSIET NMepBbIe
NPOLIEHTLI. YTO KacaeTcsa HedhTeMaTEPUHCKMX NOpPO[,
KOTOpble, B OCHOBHOM, MpeacTaBNeHb! FHaMmm ¢
BbICOKOW MopncToCTbiO (10-30%), TO MX MOPbI MOMHOCTHLIO
3anonHeHbl yrneBogopogamm, To ectb cogepkat 10-30%
OT CreHepupOBaHHOro o6bema, 1 MoYTU Ha NOPSAoK
60onbLLE, YeM BO BCEX TPAANLMOHHBIX MECTOPOXKAEHNAX
BMECTe B3STbIX.

Takrm 06pa3oMm, TEOPETUHECKM B HEOPAX MOMYT HAXOAUTLCS
3HaYUTESIbHbIE PECYPChI HETPAANLIMOHHBIX YreBOAOPOAOB,
Ha MOPSAOK MPEBbILLIAKLLME TPaAULIMOHHBIE PECYPChI.

Bo3MO)XHOCTb 106bIYN

SKCI'IeprI, KaK rnpaBuio, He ocrapmnBaroT Ham4dmne
3HaYMTENbHBIX 0O BEMOB HETPaOAVUNOHHBLIX PECYPCOB
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source rocks and tight reservoirs. The share of generated
hydrocarbons that is withheld in tight reservoirs depends
on specific geologic conditions of each individual basin
and can vary over a wide range, but it tends to remain
small and usually does not exceed a singledigit figure. As
for the source rocks, which are mainly made up of high
porosity clays (10-30 percent), their pore space is full of
hydrocarbons, i.e. they contain 10-30 percent of the total
volume of hydrocarbons generated, which is aimost an
order of magnitude more than the aggregate volume of
hydrocarbons in all conventional fields added together.
Thus, there may be significant volumes of unconventional
hydrocarbon resources in the subsurface, potentially larger
than conventional resources by an order of magnitude.

Producibility

While most experts have no doubt that there are large
volumes of unconventional resources in the subsurface,
their producibility is what gives rise to misgivings. It is true
that the idea of producing from clays, which have large total
porosity but almost zero effective porosity and permeability,
runs somewhat counter to the seepage theory. The
presence of abnormally high formation pressures, and the
fracture porosity they cause, can produce some minor
inflows into a vertical well but they will soon decline as the
formation pressure drops and the fractures start to close.

Over many years, there have been numerous attempts in
the United States to come up with a solution to the task
of producing unconventional resources from shaly source
rocks. Targeted efforts during the 1990s and 2000s gave
rise to a cost-effective technology. The idea behind it is to
create an artificial reservoir which would allow for draining
a large zone in shaly rock by means of drilling a well with a
1-3 km long horizontal section and performing multi-stage
(10-30) hydraulic fracturing jobs in the wellbore. In order
for the fractures to propagate perpendicularly to the well's
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B TEPCIMEKTMBHbIE TEXHONOIMA

B Heapax, HanbosblLUMe Cropbl 1 CKENTUKY BbI3bIBAET
BO3MOXXHOCTb X 000bIMM. [JencTBUTENbHO, [00bIHa

13 MH, 061agatoLLMX XOTb 1 OObLION OOLLEWN,

HO MOYTK HyN1eBOW SMPEKTNBHON MOPUCTOCTBLIO U
MPOHNLIAEMOCTBIO, HECKOSBKO MPOTUBOPEYNT TEOPUN
dunsTpaumn. Hannune aHoManbHO BbICOKOMO MIacTOBOrO
[JABNEHUS 1 CBA3AHHOW C HAM TPRELLMHOBATOCTY MOXET
MO3BOMNTb MNOMYYUTb HESHAYUTENBHDBI MPUTOK B
BEPTUKANIbHOW CKBaXKMHE, HO OH BbICTPO 3aTyXHET 3a
CHET CMbIKaHWA TPELLUMH 13-3a CHKEHNSI M1aCTOBOrO
OaBNEHVIA.

B CLLIA B Te4eHme MHOrmMxX feT MblTanncb Noaodpath
KJTHO4 K PEeLLEHMO NpobnemMbl A00bIHM HETPAOULMOHHbBIX
YrNeBoA0POAOB U3 MVHUCTbLIX HeEhTEMATEPUHCKIX
nopof. B pesynbTtarte ueneHanpaBneHHoOM paboThl B
1990-2000-Hble roabl bbina paspaboTaHa TEXHOMOMS,
KOTOpasi Mo3BosiAna 06ecne4nTb OKynaeMocTb 3aTpar.
CyTb ee 3aKJiro4aeTCs B CO30aHNM NICKYCCTBEHHOMO
KOJNEKTOPA, NO3BONSAIOLLErO APEHNPOBATL
3HaAYUTENBHBIN 06BEM MIMHUCTbLIX MOPOA, MyTeM BypeHus
CKBaXKMHbI C TOPU3OHTaSIbHbIM Y4aCTKOM 40 1-3 KM 1
NpoBeOEHNSA B HEN
MHOIOCTaaNNHbIX
rMaopopaspbiBOB
nnacta (10-30 cTagun).
YT00ObI TRELLUMHDI
pacnonarancb
nepneHanKyngapHoO
OCU FOPU30OHTaNTBHOMO
y4YacTka CKBa>KMHbI,
ee HanpaBneHve
BblbMpaeTcsa
NepneHanKynsapHO OCU MaKCUMasIbHOMO Hamps>KeHVs B
pa3byprBaEMOM MaCCUBE MOPHbIX MOPOA. TEeXHOIorNA
rnaopopaspbiBa OTIMHAETCH OT CTaHAAPTHOW, MOCKOJbKY
CTOUT 3aa4a He TOJSIbKO CO3AaTb OCHOBHYIO TPELLMHY
onpeneneHHoOn AnnHbI U BbICOTbI, HO I MaKCUMaJlbHO
HapyLUUTb LIENIOCTHOCTb MAVHWUCTBIX MOpOo4, MyTem
€Oo30aHNs CETU OOMONHUTENBHBIX MENKNX TPELUMH. ITO
OOCTUraeTcd 3a CHET O4eHb H60SBLLOMO 06beMa 3aKadKm
YKUOKOCTU rapopa3pbiBa, 00bemM KOTOPOM MOXKET
coctaenatb 500-1000 M3 Ha CTaamto — Ha NOPSAO0K
bonbLue, Yem Npu cTaHgapTHom [PI. B peaynstate
CO30aeTCs CeTb CBSA3aHHbIX KaHaNOB 13 OCHOBHbIX
TPELMH r’MAapopa3pbiBa, 3anO/IHEHHbLIX MPOMMaHTOM,

1N MENKMX ONepsItoLLMX TPELLIMH, 06pa30BaHHbIX B
npoLecce 3axkadkm 60bLLIOro 06bemMa XUAKOCTH. 3Ta
CETb MO3BOJIAET OPEHNPOBATL 3HAYUTENBHBI OOBEM
nnacta, obecne4vBas NpremMaemble HavanbHble 4ebuTbl U
HaKOMIeHHY 006bIMy Ha CKBaXXUHY (PvC. 2).

[Nony4eHHasa TeXHONOrsS NprBesa K PESKOMY POCTY
06bemoB 6ypPoBbIX PAbOT Ha HETPAOULMOHHbBIE 3aNeXU
yrneBoaopPOAOB U, COOTBETCTBEHHO, YBENYEHMIO A00bIYM
cnaHLeBoro rasa v cnaHueson Hedbtn B CLLA. Tak,
0o6bl4a cnaHLeBoro rasa ebipocna ¢ 25 mnpg m3 B 2005
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“ JInwb 1-3% OT BCero creHeprpoBaHHOMO
obbemMa yrnesogopoa0oB NnonagaeT B
TPaONLMOHHBIE MECTOPOXKAEHUS
Only 1-3 percent of the total volume of
generated hydrocarbons finds its way into
conventional fields ,,

horizontal section axis, its direction shall be designed to be
perpendicular to the axis of maximum stress in the rock to
be drilled. The hydraulic fracturing technology in this case
will be different from the conventional approach because
the objective here is to not only create the main fracture of a
certain length and height but also to destroy the integrity of
the shaly rock as much as possible and create an additional
network of small fractures. That objective is achieved

by pumping large volumes of frac fluid which can be as
large as 500-1000 cu. m per frac stage, i.e. by an order

of magnitude more than during a conventional frac. As a
result of the main frac and the pumping the large volumes
of fluid, a network of inter-connected channels is created
which is made of main fractures filled with proppant and
accompanied by small fractures fishboning from the main
ones. That network helps drain a considerable zone of the
formation, thereby generating acceptable initial flow rates
and cumulative production per well levels (Fig. 2).

That technology has laid the groundwork for a dramatic rise

in the scope of driling unconventional hydrocarbon deposits
and has resulted in an upturn in the production of shale oil

and shale gas in the
USA. For instance,
shale gas production
grew from 25 bcm in
2005 to 140 bcmiin
2010 and is expected
to reach 200 bcm in
2012. Volumes of shale
oil production are also
impressive: with only

5 min t produced in
2005, its 2012 production is anticipated to be 50 min t. Thus,
for the last seven years, production of hydrocarbons from
unconventional sources in the US has grown approximately by
a factor of ten, and that does deserve to be called a revolution.

Success in Production

The success in production of unconventional resources
has become a springboard for dramatically ramping up
estimates of recoverable reserves. As compared with the
2005 levels, shale gas recoverable reserves estimates

for well-studied basins in the USA have been increased

by a factor of eight to reach 13.5 tcm, while similar
estimates of oil reserves have grown by a factor of ten to
reach 4.5 bIn t. It should be noted that these estimates

are quite conservative because they are underpinned by
cumulative production from pilot areas and do not account
for the possibility of infill drilling and further development

of unconventional hydrocarbon extraction technology.

But even with that conservative approach to resource
estimation and the resultant production level predictions,
the USA is expected by 2020 to have the potential to utilize
its unconventional hydrocarbon resources to start exporting
its natural gas and considerably reduce its crude oil imports
from 450 to 350 min t a year.
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MockoBckue HedpTterazoBble KOH(hepeHUUN
EXXeroaoHble BCTpeyn HEPTSHUKOB U ra30BUKOB

MapT HE®TEIA3CHAB
CHabxeHue B He(pTerazoBoM KOMMJieKce

KoHbepeHuua cobrpaeT pykoBoauTenen ciy6 matepranbHO - TEXHUYECKOro
obecneyeHna HedTerasoBblx KomnaHui. O6CyKpaeTca  opraHu3aums
3aKyMoYyHOW [esTeNIbHOCTH, LeNlecoobpa3HOCTb 3aKYyMoOK MO UMMOPTY,
npoueaypbl oT6opa NMOCTaBLMKOB, MNpvemka obopypoBaHusA, nHbopmaLuu-
OHHOe obecneyeHmne pbiHKa

Man HE®TEFA3CTPOWU
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QopMupoBaHMe LMBUN30BAHHOIO PbiHKa B HedTerasoBom CTPOUTENbCTBE,
npakTka BblbOpa  CTPOUTENbHBIX MNOAPALUMKOB, WHXUHUPUHIOBBIX
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LEATENbHOCTM  POCCUMIACKUX MOAPAOUYMKOB, OLEHKa KayecTBa pabot -
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TpaguuroHHas nnowagka pAns BCTPeY pyKoBoauTenen reopusnmueckumx,
6ypOBbIX NPeanpuUATAA, a TakKe KOMMAHWN, 3aHATbIX PEMOHTOM CKBAXMH.
Moppaguvkn B HepopmanbHON 06CTaHOBKe 06CYKAAlOT aKTyasbHble BOMPOChI
CO CBOMMMU 3aKa3urKamu - HedpTerasoBbIMU KOMMAHUAMMU
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Puc. 2 [[eomeTpust TRELLMH Mpv MHOrocTagunHom [P B TpaanLMOHHbBIX KONMEKTOPaX M B HEMTEMATEPUHCKIX Mopoaax
Fig. 2 Fracture geometry during multi-stage fracing in conventional reservoirs vs. source rocks

rogy o 140 mnpg m3 B 2010 roay; B 2012 rogy oHa
oxuvpaeTca Ha yposHe 200 mnpa M3. [aHHble 0o0bI4y
cnaHUeBom HedTK Takxke BnedaTnatoT: ecnm B 2005
rofy oHa coctaensna 5 MH T B rof, To B 2012 roay yxe
oXupaeTca Ha ypoBHe 50 MAH T. Takum obpasom, 3a
rnocneagHne cemMb NeT YPoBeHb A00bIHM YrNeBOAOPOA0B
N3 HETPAANLMOHHbBIX NCTOYHMKOB B CLLA yBenn4mnca
NPUONN3UTENBHO B AECATb Pas3 — 1 3TO AENCTBUTENBHO
MO>XHO Ha3BaTb PEBOIOLIMEN.

Ycnexu B obblde HETPaANLMOHHBIX YrIeBOOOPOO0B
MPVIBENM K 3HAYUTENBHOMY YBEINHYEHNIO OLIEHOK WX
N3BneKaemMblx pecypcos. o cpasHeHuo ¢ 2005

FOLOM, U3BNEKaEMble PECYPChl CNaHLEBOro ras3a B
n3y4eHHbIX baccernHax CLLA BbIpocv B BOCEMb pas Ao
13,5 TpnH M3, HethTn — B AecaTb pas, oo 4,5 mnpa T.
CnenyeT OTMETUTb, YTO OLEHKN M3BMIEKAEMbIX PECYPCOB
BbIMNOJSIHEHbI [OCTATOYHO KOHCEPBATUBHO, MOCKOSbKY OHW
caenaHbl Yepes HaKOoMNeHHYO 006blHY MO STaSIOHHBIM
ydyactkam, 6e3 ydeTa BOSMOXXHOCTI YMIOTHEHUS

CETKM CKBXXMH 1 OaNbHENLLIEro Pa3BUTNSA TEXHOMOMIA
MO U3BMEYEHWIO HETPAAMLIMOHHBIX YrNeBOO4OPOAOB.

Ho farke Takon KoHCepBaTUBHbBIV MOAXOL K OLIEHKe
PECYpPCOB U1, COOTBETCTBEHHO, MPOrHO3HbIX YPOBHEN
000bI4M MOKa3bIBaET, YTO MNOTeHUMa HETPAANLIMOHHBIX
yrnesogoponos nos3sonunt CLUA go 2020 roga ctaTb
SKCMOPTEPOM MPUPOAHOrO rasa, a Takxe 3aMeTHO
coKpaTtuTb UMNOPT HedpTK — ¢ 450 go 350 MIH T B rOA.

MoTeHunan pa3BuTIA B APYIrUX CTPaHAX

Ycnexu B OCBOEHUN HETPaOVLMOHHBIX PECYPCOB
TONbKO Ha TeppuTopun CLUA He 0omKHbI BBOOUTH
B 3ab6/y>xeHVe, YTO B ApYruX CTpaHax Mvpa 3ToT
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Development Potential in Other Countries

The advancement in unconventional development

of resources in the USA should not promote the
misperception that other countries do not have that
potential. They have not demonstrated comparable
achievements so far due to the limited scope of targeted
studies in the area of hydrocarbon accumulations in tight
reservoirs and source rocks. All petroleum basins of the
world can potentially contain unconventional hydrocarbon
deposits, whereas their producibility is contingent upon the
geology of each individual basin.

The priority candidates for studies in that area are the
formations in which, multiple shows of hydrocarbon
presence were observed in low permeability (tight)
reservoirs and source rocks during studies of conventional
petroleum accumulations, or even other minerals. An
example of hydrocarbon accumulations in tight reservoirs
can be Middle Carboniferous deposits in the western part
of the Donetsk coal basin in Ukraine. During coal fields
exploration in that area, hundreds of illustrations of gas
saturation in low porosity sandstones were observed,
including high gas content discovered during drilling and
even gas inflows into some of the coal exploration wells.
The presence of such accumulations is associated with
the history of geological development of the Donetsk coal
basin: it underwent a considerable uplift, and therefore, the
sandstones which were packed at large depth and filled
with gas from transformation of organic matter are now
located at depths accessible to shallow coal exploration
wells. To date, the production potential data maturity for
that formation have been poorly studied, and in order to
improve the outlook, exploration activities and recovery
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B TEPCIMEKTMBHbIE TEXHONOIMA

noTeHUman oTcyTcTByeT. [1eno B ToM, YTO A0

CUX PaboTbl MO LieneHanpaBieHHOMY U3YHeHNO
3anexen yrneBoopoao0B B MIOTHBIX KOMEKTopax

N HeEOTEMATEPVHCKNX NOPOoLax B OpYrix CTpaHax
MPOBOAVSIUCE B O4EHb OrPaHNYeHHbIX OO bemax.
Hanuyne HeTpaauLIMOHHbIX 3anexen yrnesoaopoaoB
NMOoTeHUMamlbHO BO3MO>XXHO BO BCEX HerTeFaSOHOCHbIX
baccelHax M1pa, 0HaKO BO3MOXXHOCTb VX M3BEYEHMIS
3aBU1CUT OT reosIorM4eckoro CTPOEHNS KaXKaoro
KOHKPETHOro baccenHa.

[NepBoovepeqHbIMM KaHOuaaTaMy ANt U3yYeHns
SABNAOTCA 0OBEKTHI, MO B MPOLIECCe U3YyHeHNs
TPaOVLIMOHHBIX HE(TErasoBbIX 3aEXen U aaxe Apyrix
MOJS1IE3HbIX MCKOMaeMbIX Obln nosiy4eHbl MHOrO4YMCeHHble
NPosiBNEeHNst HehTera3oHOCHOCTU B HU3KOMPOHMLGEMbIX
(MNOTHBIX) KONNeKTopax 1 HedhTeMaTEPUHCKIMX MOpoaax.
[MpumMepom 3anexxen yrneBooopoaoB B MIOTHbIX
KONNEKTOPax MOIYT CNY>XUTb OT/OXEHWS CPeaHero
KapboHa B 3anagHon 1YacTy [JJOHELKOro YrofibHOro
bacceliHa Ha YkpauHe. B npoLlecce pa3Beaku yrosbHbIX
MECTOPOXOEHWI 30eChb Oblni MOyYeHbl COTHM

nprMepoB ra3oBOro HacblLWEeHNA HN3KOMOPUCTbIX
necY4aHVKOB, MOBbILLEHHbIE ra30MnoKasaHns Npu BypeHun
N O2oKe NPUTOKK rasa B oTAesibHbIX yriiepa3BeoqHbIX
CKBavKVHax. Hanmdmne Takmnx 3anexxen cBsasaHo ¢
NCTOPVEN reonorn4eckoro paseutis JoHeLKoro
YrONBHOro 6accerHa — OH UCMbITan 3Ha4YNTENbHOE
noaHATME, MO3TOMY MECHaHWKMN, YMIOTHEHHbIE Ha
O0oNbLLUNX rNyOUHaX 1 3arofIHEeHHbIe ra3oM 3a cHeT
NpeobpasdoBaHst OpraHN4ecKoro BeLLECTBa, B
HacTosILLiee Bpemsi pacrosoXKeHbl Ha JOCTYMHOW s
HEBOSBLLMX Yriepas3BefoYHbIX CKBaXKUH rybuHe. B
HacTosILLEee Bpemst MoTeHUman aToro 0obexkTa He UsydeH
1 TpebyeT NPOBEAEHNSI re0NoropasBeoyHbIX padoT 1
nccnegoBaHnii Mo NOAOOPY TEXHONOMUM U3BEHEHS
yrnesoaopoaoB. [Npy aToM noTeHuman gaHHoM
TePPUTOPUM NOBOSIBHO BENK, MOCKOSbKY NMepcrnexKTBHas
nnowanb rnpesblllaeT HECKOJIbKO ThICAY KBapaTHbIX
KMTOMETPOB.

VIHTEpEeCHbIM MPUMEPOM 3anexken yrneBoaopoa0B B
HedTeMaTepUHCKOM NOPOoaE ABNSKOTCS OTNIOXKEHIS
NPEVMYLLIECTBEHHO MMHNCTON BaXkeHOBCKOM CBUTbI B
3anagHon Cubupw, roe CyLLecTBYHOT MHOMOYMCIEHHbIE
npUMepbl HePTENPOABIEHWIA U Ta30MNPOSBEHNIN B
npoLecce bypeHus. baxxeHOBCKasa CBUTA COOAEPXXUT
00NbLLIOE KONMMHYECTBO OPraHMYecKOro BeLLecTBa,
CTeneHb ee 3penocTv GaaronpusTHa oS reHepaumn
YrNeBooopoaoB. Ha AMLEH3MOHHbIX yHacTkax THK-BP
Hanbonee sipKMe HedpTenposiBNeHWs 13 BaxxeHOBCKOM
CBUTbI ObINM MOMYyYeHbl MPU pasBeake KameHHOW
nnowlaan KpacHoneHnHekoro mectopoxxaeHus OAO
«THK-Hsaranb». OTnoxxeHunsa bavkeHa 30ech 3axkathl
MeXXay HenpoHMLaeMbIM PyHAAMEHTOM U MOLLIHOW
BblLLENEXAaLLEN HEMPOHNLLAEMOW TNIMHUCTOM TOMLLEN,
YTO 3aTPYOHAN0 MUrpaLMo YrNeBOAOPOAOB 3a
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technology selection studies will need to be undertaken. At
the same time, that territory displays considerable potential,
with the surface area of the prospect exceeding several
thousand square kilometers.

One interesting illustration of hydrocarbon accumulations in
source rock is the largely shaly Bazhenov sedimentation in
West Siberia, where numerous cases of oil and gas shows
were observed during drilling operations. The Bazhenov
suite contains a lot of organic matter and the degree of

its maturity is favorable for hydrocarbon generation. In the
TNK-BP license areas, the most visible oil shows from

the Bazhenov suite came to light during exploration of the
Kamennaya pecypcoB. area of the Krasnoleninskoye field
developed by TNK-Nyagan. The Bazhenov sediments

here are squeezed between an impermeable basement
and a thick overlying impermeable clay bed, which made
migration of hydrocarbons beyond the source rock difficult.
It was probably the abnormally high formation pressure,
developed as a result of the complicated migration and

the formation of secondary fractures that made it possible
to obtain oil inflows from conventional vertical wells even
without hydraulic fracturing during testing of the Bazhenov
suite. There are at least two wells — #550P and #4001P
which produced oil from the Bazhenov suite for over a year,
and the cumulative oil production from those wells totaled
8,000 t to and 3,000 t, respectively (Fig. 3). Given that the
area of the Bazhenov suite surface area in West Siberia
amounts to a few hundred thousand square kilometers,
the presence of gargantuan shale oil and gas potential may
reasonably assumed.

Thus, the effective technology developed in the USA for

the recovery of unconventional hydrocarbon resources

has led to a significant increase in the number of potential
exploration targets in the majority of the world’s petroleum
basins. But only the companies that possess the
technology for rolling out unconventional resources will be
able to reap all the rewards available by launching new-tech
projects.

Expansion of International Business via New Technology

In recent years, there has been a global trend in the
reduction of the number of conventional hydrocarbon
exploration targets alongside fierce competition for
prospects with low geological risks. The unconventional
targets, on the other hand, have a significant resource
potential but extremely high technical risks associated

with their development, and therefore, the competition for
unconventional resources in the near future will be lower for
objective reasons, while the companies possessing proven
proprietary technologies for the development of those
resources will have a significant competitive advantage.

Needless to say, in order to stay competitive in the
international unconventional resource market, companies
need state-of-the-art technologies. Those technologies,
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PROMISING TECHNOLOGIES H

npenesbl HedhTeMaTeprHCKOM Nopoapl.
BeposaTHo, chopmmpoBaHHOE 13-3a
3aTpyOHEHHON MUrpaLM aHOMasTbHO
BbICOKOE M/1aCTOBOE AaBfieHnE 1

pa3BUTUE BTOPUHHOW TRELLIMHOBATOCTH
MO3BOMNIIO MOJyHaTb MPUTOKN HEPTN

npw UCMbITaH BaykeHOBCKOWM CBUTBLI 13
0BbIYHbIX BEPTUKASIbHBIX CKBaXXMH Jaxke 6e3
npoBeneHna ['PT1. 13BeCTHbI, N0 KpanHewn
Mepe, ABe CKBaXKNHbI — Ne550P 11 Ne4001P, —
KOTOpble 6onee roga Benn godbHy HedTU 13
BavkeHOBCKMX OTNOXKEHWIN 11 OObINN 8 ThIC.

T 1 3 TbIC. T HEPTM COOTBETCTBEHHO (Puc. 3).
Ecnv y4ecTb, 4TO BaxkeHOBCKIME OTNOXKEHUS
B 3anagHon Crbupu 3aHUMaroT NnoLlanb
HECKOJIbKO COTEH ThICAY KBaApaTHbIX
KUTOMETPOB, MOXKHO MPEANONOXKUTEL Hann4mne
30€Cb MraHTCKOro noTeHLana crnaHueBbIX
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Fig. 3 Oil production from the Bazhenov suite in the Kamennaya area

HedbTn 1 rasa.

Takunm obpasom, HangeHHasa B CLLIA

a(peKTVBHaAsS TEXHOSIOMMS 3BEHEHS
HETPaOWLIMOHHBIX PECYPCOB YrNeEBOAOPOAOB

npviBena K CyLECTBEHHOMY YBENMHEHWIO KONMMYECTBA
MoTeHUMaIbHbIX OO BEKTOB AJ151 MOMCKOBbIX PaboT B
B0MbLIMHCTBE He(hTEra3oHOCHbLIX BACCENHOB MUpa.

Ho B NofiHOM Mepe BOCMOS1b30BaTbCA BO3MOXKHOCTHIO
BXOX/AEHUS B HOBblE MPOEKTbl CMOIYT NLLb T
KOMMaHWn, KOTopble 00nafatoT TEXHONOrMAMY OCBOEHMA
HETPaAMLIMOHHBIX PECYPCOB.

PaclumpeHune mMeXayHapoaHoro

6u3Heca yepes HOBbIE TEXHONOTMU

B nocnenHve rodbl Bo BCem MYpe HabnogaeTcs
TEHOEHLUMSI COKpAaLLEHNS MPeanoXeHns MoNCKOBbLIX
0OBbEKTOB Ha TPaAMLMOHHbIE YrNeBOAOPOAL! MNPV
[OCTaTOYHO BbICOKOW KOHKYPEHLIMM Ha NepCneKTUBHbIX
TEPPUTOPVISIX C HN3KNM FE0SIONMHECKNM PUCKOM.

B cBoto o4epenb, HETPaOULMOHHbIE O6EKTLI MPY
3Ha4YNTENIbHOM PECYPCHOM MOoTeHLMane NMetoT KpanHe
BbICOKMI TEXHOMOMMHECKNIA PUCK, MO3TOMY B BrivbKanLLel
MepCneKkTBE KOHKYPEHLNST 3a HETPaANLIVIOHHbIE PECYPChI
OyneT 0ObEKTVBHO HWXKE, a KoMMaHu1, obnagaroLmne
COOCTBEHHbIMV ONPOOOBaHHBIMM TEXHOMOMMAMN, ByayT
NMETb CYLLIECTBEHHOE MPENMYLLIECTBO.

QOuyeBnaHO, YTOObI MOYYUTL KOHKYPEHTHOE
NPEeVMYLLECTBO Ha MEXOYHAPOAHOM PbIHKE
HETPaOVLIMOHHBIX PECYPCOB, HEOBXOAMMO 0bnafaTh
TexHonoruamm. OgHako ¢ Heba OHM He MagatoT, a
[060bIBAOTCS YNOPHbIM LieNeHanpaBieHHbIM TPRYOOM.
MoaToMy B CryHae BKIOYESHUST HETPaaMLIMOHHBIX
YrNeBoAOPOAOB B HMCO CTPATErMHeCcKnx MHTepecoB
KomMnaHum Heobxoanmo 6yaeT npvBnedeHme
(P1HAHCOBbIX 1 YEeNTOBEYECKIMX PECYPCOB AN PaspadboTKm
1 ONPOOOBaHNSA HOBbIX TEXHONIOMMIN Ha Hanbonee
NepCneKTUBHbIX yqacTKax. Y4acTku Afs MUNOTHbIX
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of the Krasnoleninskoye field

however, are not easily accessible and a company
would need to take persistent and targeted efforts

to develop them. For this reason, if unconventional
hydrocarbon development is included in the list of
the Company’s strategic interests, it will be required
to engage financial and human resources to develop
and test new technologies in the most promising
areas. Areas for pilot operations can be found within
the existing licenses, which would make it possible to
launch those projects considerably earlier. It should
be noted here that the existing Russian tax regime
does not currently allow for an acceptable level of
cost-effectiveness of such projects. Therefore, the
main benefit from that work will be the development
of proprietary technologies and the ability to outpace
competitors in the international marketplace in the areas
where tax regimes provide tax benefits for companies
involved in the development of unconventional
resources.

paboT MOryT BbITb BblOpaHbl B Mpeaenax AeNCTBYOLLNX
NMLEH3WIN, Y4TO CYLLIECTBEHHO YCKOPUT Ha4ano nx
BbINONHEHNA. OTMETUM MpK 3TOM, YTO AEUCTBYHOLLAs
cucTema HanoroobnoXxeHns B Poccum noka He No3BoNsAeT
paccHyMTbIBaTb Ha MPUEMNEMYIO PEHTabENbHOCTb TaKMX
NpoekToB. Ho Hanbonee LeHHbIM PE3YNBTATOM CTaHET
NOJTyYeHne COBCTBEHHbBIX TEXHOMOMMI 1 CBA3AHHbBIX C
HVYMI KOHKYPEHTHbBIX MPENMYLLIECTB Ha MEXOyHapOAHOM
PbIHKE, FAEe CUCTEMA HaIoroobNoXKeHNs NpeanonaraetT
CYLLECTBEHHbIE NbrOThl MNPV OCBOEHUN HETPAANLMOHHbBIX
YrNeBOAOPOAHBIX PECYPCOB.

Criacvbo komMnaHm TNK-BP n xypHany «HosaTtop» 3a
npenocTaBieHe MaTepmasios.
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