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Purpose. Establishment of the promising directions for development and creation of cost-effective and environmentally
friendly methods of shale oil production from oil-and-gas bearing shale deposits of deep-laying rock massifs.

Methodology. The analysis of the occurrence and characteristics of shale oil deposits of the bazhenov rock formation in
Western Siberia has been made.

Findings. As is shown, the development and mining of deep-laying shale oil-and-gas deposits through conventional
down-hole oil production technologies necessitates a dramatic increase in drilling effort as for the output wells. They do not
provide any increase in the low values of the oil recovery factor, and are associated with significant adverse ecological effect
on the environment in the regions of occurrence of shale reservoirs. The innovative mining-well drilling technology for cost-
effective and environmentally safe oil production from deep shale oil-and-gas deposits has been offered.

Originality. The proposed innovative technology allows drilling-in and preparation of hydrocarbon-bearing formation by
mine shafts and mine permanent workings. Production of hydrocarbons is carried out by excavation blocks of the output
wells with hydraulic fracturing and other impacts on the reservoir, which are drilled from underground chambers of major
mine workings; pre-cleaning and separation of shale oil takes place in underground conditions, shale gas is used for power
supply and enhancement of operating efficiency of the underground energotechnological complex. After final cleaning and
preparation in the course of the surface work, shale oil is to be delivered to consumers.

Practical value. An opportunity to involve major shale oil and gas deposits for shale oil and gas production into the effec-
tive development is provided through the rational combination of well-established and widely used in mining methods and

technologies of underground and borehole mining.

Keywords: mining-well drilling method, shale oil, bazhenov formation, technological scheme

The innovative development of the oil extraction is usu-
ally associated with the necessity of oil extraction intensifica-
tion and increase in the oil-recovery ratio (ORR) owing to ef-
ficient implementation of different methods for oil-recovery
increase (MORI). In the middle of the last century a signifi-
cant increase in oil extraction was associated with the dis-
covery and bringing into the development of a number of the
biggest so called traditional oilfields, as well as with the us-
age on a mass scale of the new, for the domestic industry,
method of oil recovery increase in strata, developed on the
basis of theoretical notions about the mechanism of the pis-
ton displacement of oil by water in the uniform permeable
layers — reservoirs. In particular, a wide introduction of me-
thods of waterflooding largely predetermined the develop-
ment of the domestic theory of oilfields working, which con-
tributed to successful realization of a great number of the de-
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velopment systems differentiated by the types of waterflood-
ing (edge, block, areal, selective, etc), pattern arrangement,
placement of operation and injection wells, intensity and
schedules for operation and injection, etc. However, the lim-
it of the resource base and exhaustion of oil deposits on tradi-
tional oilfields has led in recent years to the search and at-
tempts for industrial development of new sources and
reserves of hydrocarbons to which the oil of bituminous
sand, high-viscosity oil, fissured reservoirs, hydrocarbons of
pyroshale oil, as well as oil and gas of the shale deposits
(plevs), sometimes considered within the concept of uncon-
ventional oil and gas, are relevant. It is quite natural that for
non-traditional oil development it is necessary to use not on-
ly the whole accumulated arsenal of knowledge of techni-
ques and technologies when mining the traditional deposits,
but also the solution of principally new scientific technologi-
cal tasks valid to the character and level of the problem com-
plexity arising at that as well.
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As is known, the whole range of technologies, methods
and ways currently in use to develop the oil containing lay-
ers are divided into two large groups [1]: open-cut mining
(methods) of development and the development by means
of well drainage of the oil-gas deposits with the wells dril-
led from the earth surface. First, it is necessary to point out
that practically all existing and everywhere applied the well
drilling technologies of oil and gas extraction refer to the
group of technologies with the wells drilled from the earth
surface. Open-cut mining technologies involve thoroughly
known, though less widespread open-cast and shaft tech-
nologies; the former, applied when developing bituminous
sands and pyroshale oil for the future extraction of hydro-
carbons from them, and the latter, applied for the thermal
recovery of the high-viscosity oil, for example [2], when de-
veloping relatively shallow layers (up to 300-400 m) of pro-
ductive deposits.

The existing different evaluations, forecasts, as well as
the real facts, show that the most promising perspectives as
for the non-traditional oil and gas extraction in the near fu-
ture will be associated, first of all, with the development of
the shale oil-and-gas-bearing deposits. In this way, the stabi-
lization of the oil extraction levels in Western Siberia and its
future development is connected with drawing into mining of
so called hard-to-recover reserves (HtRR) and, above all, with
oil extraction from shale deposits of the bazhenov rocks for-
mation. The bazhenov formation is a unique oil and gas ob-
ject with the high heterogeneity of the formation and the tes-
sellated character of low filtration-capacitive properties, for-
mation isolation, high hydrophoby and other geological cha-
racteristics. The deposits of the bazhenov formation become
widespread in the Western-Siberian part of the oil-and-gas-
bearing basin. In average, they are deposited at the depth of
1500-3000 m, the bazhenov formation thickness in the nor-
mal cut constitutes 25-30 m, and in a number of cases (the ab-
normal cut) it reaches 90-100 m. The deposit thickness of the
bazhenov formation containing hydrocarbons fluctuates from
10-12 to 35-40 m, and amounts to 60 m in some area.

At present, as the result of researches carried out by ma-
ny authors the following peculiarities of the bazhenov rocks
formation are found out: comparatively low thickness when
the square of extension exceeds 1 min. km?; thin-layer, stra-
tum capacity and folium structure, the abnormal high values
of apparent resistance exceeding 500 Om-m (quite often re-
aching 1000 Om-m); high and abnormal high values of natu-
ral gamma activity; abnormal low formation density; the un-
derspeed of the acoustic and seismic wave transition thro-
ugh the thickness of the bazhenov clay stone; the abnormal
high stratum pressure in deposits; the confinement of the
wells with the most significant production rate within the
high temperature areas reaching 135°C; the low porosity and
permeability of the bazhenov formation reservoirs; the avail-
ability of the vertical and horizontal cavities.

The low reservoir's characteristics, especially poor rock
permeability of adjacent strata, is the main obstacle for in-
dustrial development of the oil-gas potential of the bazhenov
formation, which is one of the world's largest shale deposits
(plevs) notable for the high oil-and-gas-bearing. According
to the optimistic evaluations, the deposits of the bazhenov fo-
rmation, the size of about 1mln.square kilometers, on the ter-
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ritory of Western Siberia contain several tens of milliard tons
of high quality light crude oil with the great amount of ac-
companying shale gas. The development of the shale oil de-
posits in the bazhenov formation will allow preventing al-
ready started decrease in oil extraction from the non-tra-
ditional oil-gas deposits in Western Siberia and could be-
come a real alternative to a rather cost intensive and far from
indubitable development of the hard-to-reach oil-and-gas de-
posits in the Arctic and Eastern Siberia.

The existing at present the well drilling technologies for
exploration, prospecting and workings of traditional oil-and-
gas deposits to a large extent are of a random character with
a sufficient portion of contingency and rather poor coeffici-
ent of oil extraction. That is why, when developing deep-se-
ated shale oil-and-gas-bearing deposits, in particular, such as
the bazhenov formation in Western Siberia, it is necessary to
apply principally new approaches that, on the one hand, min-
imize the elements of randomness and the costs of mining
operations and, on the other hand, provide maximization of
the oil-and-gas extraction coefficient and in this way, in gen-
eral, lead to the economic efficiency increase in oil-and-gas
production. But as it was shown above as well as it comes
from the current events, ad verbum, in all parts of the world
when conducting a large-scale development of oil-and-gas
shale deposits, the problems of ecological purity of hydro-
carbons are coming to the fore with simultaneous provision
of requirements on economic efficiency of such production.

All the above mentioned proves that de facto, the matter
concerns the necessity of transition to the technology of the
broadwall or, let us say, “stripping” of the shale deposits to
some extent, as it was during the last several centuries put in-
to practice by the underground workings of the formation
deposits of the solid fuel — coal. The fact is that according to
the available data, due to the tessellated character of the oil-
and-gas-bearing of the shale deposits in the bazhenov forma-
tion, only 30% of the hydrocarbons resources are concentrat-
ed in so called the intervals of high oil-and-gas recovery. At
present, it is natural that oil companies make efforts towards
the search and involvement in the development of these “in-
clusions” through the existing well drilling technologies. At
the same time, of course, the remaining 70% are not taken in-
to account.

As shown by our studies, the final decision making on
the main problems of the oil extraction from the deep seated
oil-and gas-bearings of shale deposits, with the problem of
large scale development of oil and gas reserves of the bazhe-
nov rock formation in Western Siberia primarily kept in
mind, calls for the rational multipurpose use, within the fra-
mework of an integrated power complex, both the above
mentioned opencast (namely, the shaft) mining method of
development in order to open and prepare the deposit for
working, and the simultaneously applied subsequent method
of draining of the productive deposit, but by means of the
wells drilled from the underground drill chambers.

In fact, the case in point is, let us say, the development of
the third group, as we call it the mining-well drilling innova-
tive technology, which helps rationally combine the whole
experience accumulated over the centuries concerning the
development technology for the underground (shaft) mining
of the bedded deposits, mainly of solid fuels such as coal,
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and on the other hand, takes into account all achievements in
the contemporary oil and gas business.

The basic idea of the proposed innovative mining-well
drilling technology for the oil and gas extraction from the
shale deposits of the bazhenov rocks formation in Western
Siberia is that the drilling-in and preparation of the produc-
tive formation is carried out by mine shafts and underground
permanent workings; production of hydrocarbons is carried
out by means of excavation blocks/units of the production
wells with the hydraulic fracturing and other impacts on the
reservoir, which is drilled from underground chambers of
major mine development workings. Pre-treatment and sepa-
ration of shale oil are in underground conditions, and the sha-
le gas is used for power supply and efficiency increase in the
operation of the underground power technological complex,
and shale oil after the final cleaning and preparation at the
surface is delivered to consumers. The proposed innovative
technology, in fact, is adequate to the given problem of com-
bining the two main at present technologies of the mining
production, namely, the technology of the underground (mi-
ne) workings of the bedded deposits and the technology of
the well extraction of oil and gas.

Fig. 1 shows the integrated technological scheme of the
underground power technological complex for the mining-
well oil extraction from deep seated shale deposits, where:
1 — shale oil-and-gas bearing formation (deposit); 2 — the
main vertical mine shaft; 3 — auxiliary (ventilation) mine
shaft; 4 — pit bottom; 5 — the main preparatory underground
drift; 6 — auxiliary (ventilation) preparatory underground
drift; 7,8 — underground chambers and drilling installations
(rigs) correspondingly; 9 — drill pipe string; /0 — under-
ground accumulating workings-chambers (pools) for the
flowback of the liquid after hydraulic fracturing of the pro-
ductive formation.

Fig.1. The integrated technological scheme of the under-
ground energotechnological complex for the mine-
well oil extraction form deep seated shale deposits
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The integrated technological scheme takes into ac-
count specific peculiarities and characteristics of the for-
mation bedding on the territory of the shale oil (within the
limits of the mine field) as well as the specific goals and pe-
culiarities for the creation of such complexes and may be re-
alized with the help of a number of so called basic material
and technical floods, technologically different as for their
types and combinations, and circulating (passing) between
the daylight surface and the underground space in the mine
part of the power complex.

One of the basic technological schemes of the under-
ground energotechnological complex for the mine-well oil
extraction from the shale deposits of the bazhenov formation
of rocks with the help of the mine- well technology is given
in Fig. 2, where: 1;, 1, — excavation (extraction) units of the
shale deposits; 2 — the basic (main) mine shaft of the techno-
logical complex; 4 — pit bottom mining; 5,5, — the basic un-
derground preparatory excavations; /4 — production tree and
wellhead assembly for underground output wells operation
15, 15, — pipelines for well-stream gathering; /6 — under-
ground equipment for the shale oil separation (the degassing)
and pretreatment; /7 — shaft pipeline for the shale oil; /8 —
supply pipeline of the shale gas; /9 — underground steam-
boiler; 20 — supply water pump; 2/ — underground pumped
storage tank; 22 — shaft heat-insulated steam pipe line; 23 —
steam turbine of the surface steam-turbine department; 24 —
electric generator; 25 — the waste steam condenser; 26 — the
onsetter pipeline for spillway; 27 — underground hydro gen-
erator; 28 — the onsetter discharge pipeline for flue gases; 29
— surface cleaning filters; 30 — flue-gas pump; 3/ — flue fun-
nel; 32 — surface equipment (department) for refining and
preparation of shale oil; 33 — outlet pipelines for the liquid of
the flowback after hydraulic fracturing. This Figure does not
show conventional positions of //—13.

Fig. 2. The basic technological schemes of the under-
ground energotechnological complex for extraction,
processing and use of oil and gas under the mine-well
working of the deep seated shale deposits
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We consider them as technological elements for creation
and preparation of efficient draining system of the output
wells in the excavation units/; [/, — of the shale deposit,
which is one of the decisive conditions for economic effici-
ent environmentally friendly development and working of
the deep-seated oil-and-gas bearing shale deposits. In view of
exceptional difficulty and importance, this problem requires
individual (independent) consideration. The general ideology
and main principles of construction and operation of the un-
derground energotechnological complexes were presented in
details earlier, in a number of works with reference to the
mining of bedded deposits of the solid fuel, i.e. coal-fields,
for example in [3], though, owing to both objective and sub-
jective reasons and factors, they still do not get a proper de-
velopment and practical implementation. In conclusion, it is
worth mentioning one more, all-important, in our opinion,
problem, which the contemporary oil and gas production bu-
siness increasingly tackles. The matter is that the creation of
the infrastructure and funds necessary for developing and
working of the oil and gas fields, especially in the remote and
northern regions of Russian Federation, calls for rather high
capital intensity and considerable initial costs. On the other
hand, with a high intensity of fields’ development, the life
duration of the latter is reducing and is for 25-30 years beca-
use of exhaustion of excavated deposits; afterwards, this ex-
pensive infrastructure becomes practically useless and the re-
sidual value of the created capital fund tends close to zero.

In this term, with the mine-well working of the deep se-
ated oil and gas shale deposits, the situation is more favorab-
le since the developed (formed) underground space in the
mine part of the energotechnological complex could receive
another, quite often, long life from the point of other goals of
usage and possibilities for rational application. It is becom-
ing especially important for Western Siberia where in fact,
the whole infrastructure necessary for oil and gas extraction
has been created, and where there is one of the world’s larg-
est oil-and-gas bearing fields of the shale deposits of the ba-
zhenov rocks formation, not mentioning the fact that inex-
haustible resources of oil and gas as well as the other
minerals are concentrated even in deeper seated productive
strata in the depths of Western Siberia.
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Merta. BcraHOBiIGHHS EPCIIEKTHBHUX HAIPSIMIB PO3pO-
OK{ Ta CTBOPCHHSI CKOHOMIYHO BHTIIHHX 1 €KOJIOTTYHO Oe3-
TICYHIX METO/IB BUIOOYTKY CITAaHIIEBOI HATH 3 HapTOra30-
BMIIIYFOYMX CIIAHIEBUX MOKJIAIIB [JIMOOKO3aJArar0uix
MAacCHBIB IpPCHKUX HOPIJI,

Metoanka. BukoHaHO aHaJIi3 yMOB 3aJIAraHHs Ta Xapa-
KTEPHUCTUK CIIAHIICBUX TIOKJIA/IiB OA’KEHOBCKOI CBUTH TipCh-
KkuX mopin 3aximHoro Cuoipy.

Pe3yabtaTn. ITokazaHo, 110 OCBOEHHS i BiAIpaIlfoBaH-
Hsl TTIMOOKO3AJIATAI0UNX CIIAHIEBUX HA(TOra30HOCHHX ITOK-
Ja/1iB 32 JJOTIOMOTOI0 TPAAULIHHNX CBEPJIOBUHHHUX TEXHO-
JoTii BHIOOYTKY HaTH IUKTYye HEOOXITHICTh piskoro 30i-
JIBIIEHHS 00cATYy poOiT 3 OypiHHSA BUIOOYBHUX CBEp/TOBHH,
He 3a0e3reuye ITiBUIIEHHS HU3BKHUX 3HAa4YeHb KoedillieHTa
BIUTy4eHHsI HadTH Ta MOB'sI3aHe 31 3HAUHUMH €KOJIOTTYHO He-
CIIPUATIVMBUMY BIUTMBAMM HA HABKOJIMIIHE CEPEIOBHILE B
perioHax 3aJaraHHs CIaHIIEBUX MPOIYKTHBHUX TUIACTIB. 3a-
MPOIIOHOBaHA IHHOBAIIIfHA IAXTHO-CBEPJUIOBUHHA TEXHO-
JIOTisl eKOHOMIYHO €()EKTHBHOT'O Ta €KOJIOTTYHO OE3IEeYHOT0
BUIOOYTKY HATH 3 TIIMOOKO3AITaF0YHX CIaHIICBUX HA(TO-
ra30HOCHHX TTOKJIAIIB.

HaykoBa HoBu3Ha. HaykoBa HOBHU3HA 3alIpOIIOHOBA-
HOI IHHOBAIIIWHOT TEXHOJIOTII MOJISArae B TOMY, IO PO3K-
PUTTS Ta MirOTOBKY IPOIYKTHUBHOI'O IIacTa 3J{IHCHIOIOTH
[IAXTHAMHU CTOBOypaMH W KamliTaJbHAMH ITiJ3¢MHUMH
TIpHUYO-TIATOTOBYNMH BHPOOKaMH, a BHIOOYTOK BYTJIe-
BOJHIB 3/IiHCHIOIOTh BHIMKOBHMH OJIOKAMH BHIOOYBHHX
CBEP/UIOBHH 3 TIIPOPO3PHBOM Ta iHIIMMH BUJIAMH BIUIUBY
Ha IUTACT, M0 OYpATH 3 MiBEMHHUX KamMep OCHOBHHMX Tip-
HUYO-ITITOTOBYMX BHPOOOK. [lomepeHio OYuCTKy ¥ ce-
Mapamnito CIaHIeBoi HaQTH BEAYTh y MiI3EMHUX YMOBAX,
CIIAHIIEBUI I'a3 BUKOPHUCTOBYIOTH JUIsi €HEpro3ade3reyeH-
HS Ta MIIBUINCHHA eQEeKTUBHOCTI ()YHKIIOHYBaHHS IIi-
JI3EMHOTO €HEPrOTEXHOJIOTTYHOTO KOMIUIEKCY, a CIIAHIEBY
HaTy MICIA OCTATOYHOTO OYMINEHHS Ta MIATOTOBKM Ha
JICHHII IOBEPXHI MOCTAYAIOTh CIIOKHBAYAM.

IIpakTnyna 3HaYMMicTh. 3a0e3MeyeHHs] MOKIIMBOCTI
3aJIydeHHs1 10 e(DeKTHBHOI PO3POOKH BEJMKHMX CIIaHIEBHX
Ha()TOTa30HOCHNX TOKJIA B JUTA BUIOOYTKY CITAHIIEBUX Ha-
(TH ¥ Tasy HUIIXOM PAIliOHAJIBFHOTO TOETHAHHS J00pe Bi-
JUIPalbOBaHUX 1 IIMPOKO BHUKOPHCTOBYBAHMX Y TipHHYIH
CIIpaBi METOAIB 1 TEXHOJIOTIH IIAXTHOIO Ta CBEPUIOBMHHOTO
BHIOOYTKY KOPUCHHX KOTIQJINH.

KirouoBi ciioBa:  waxmno-ceeponogunHuti  mMemoo,
cnanyesa Hagma, 0ANCEHOBCLKA CEUMA, TMEXHON0IUHA
cxema

Ienab. YcraHoBieHHE TEPCIIEKTUBHBIX HAMpaBlICHUN
Pa3pabOTKH U CO3MAaHNS SKOHOMHUYECKH BBITOJJHBIX U 9KOJIO-
THYECKU OE30IMacHBIX METOIOB JOOBIUM CIIAHIICBOH He(TH
13 He(pTera3ocoAeprKaIIix CIaHIICBBIX 3aJIeKel TITyOoKo3a-
JIETAIOLIUX MACCUBOB T'OPHBIX MTOPOJ.

Mertoauka. BbInoiHeH aHainM3 YCIIOBUIl 3ajieraHust U
XapaKTEePUCTHK CIIAHIEBBIX 3aJIeKeH OaKEHOBCKOW CBUTHI
TOpHBIX Nopo 3anagHoit CuonpH.
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Pesyabrarel. [lokasano, 4yro ocBoeHHME M OTpabOTKa
ITyOOKO3aJIeTaloIMX CIIAHIEBBIX He(TEra30HOCHBIX 3ajie-
JKel ¢ TOMOIIIBIO TPAIUIIMOHHBIX CKBOKMHHBIX TEXHOJIOTHI
JI0OBIYM HEPTH TUKTYyeT HEOOXOAMMOCTh PE3KOT0 yBeIrde-
HISL 00BeMa padoT Mo OyPEHHIO TOOBIBAIOIINX CKBAYKHH, HE
o0ecrieYnBaeT MOBBILICHHST HU3KNX 3HaYeHNH Kod(durmen-
Ta W3BJICYEHMS HE(PTH W CONPSDKEHO CO 3HAYMUTEIIBHBIMU
9KOJIOTHYECKH HEOJIarONpUsTHBIMA BO3/ICHCTBUSIMU Ha OK-
PYKAIOILYIO CPEy B PETHOHAX 3aJeTaHMs! CIAHLEBBIX IPO-
JIYKTUBHBIX TU1acToB. [IpemyioskeHa MHHOBAIMOHHAS IIAXT-
HO-CKBa)KMHHAsl TEXHOJIOTHSI SKOHOMUYECKH 3(PPEKTUBHOM
1 DKOJIOTUYECKHU OE30TaCcHOM JT0O0BYN HETH U3 TITyOOK03a-
JIETAOIINX CIIAHLIEBBIX HE(DTEra30HOCHBIX 3aJIEIKEH.

Hayunas HoBm3Ha. Hayunas HOBM3Ha mpeuiaraeMoi
WHHOBAIIMOHHOW TEXHOJIOTUM 3aKIIIOYAETCS B TOM, YTO
BCKPBITHE 1 TTOATOTOBKY NMPOAYKTUBHOTO IUIACTa OCYIECTB-
JISTIOT MIAXTHBIMH CTBOJIAMH 1 KalIUTAIBHBIMH TTOJI3¢MHBIMHI
TOPHO-TIOATOTOBUTEJILHBIMU BBIPAOOTKAMH, a JOOBIUY yriie-
BOZIOPOJIOB OCYIIECTBIISIIOT BHIEMOYHBIMH OJIOKaMH JIOOBIY-
HBIX CKB&KWMH C TMAPOPA3PBIBOM M APYIMMHU BHIAMU BO3-
JICHCTBUS HA IUIACT, KOTOPBIE OYpSIT M3 MOI3EMHBIX KaMep
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OCHOBHBIX T'OPHO-TIOATOTOBUTEINIBHBIX BbIpaboToK. [Ipensa-
PUTEIIBHYIO OUHCTKY M CEHapaIlfio CIaHIEBOH HE()TH BELyT
B TO/I3eMHBIX YCJIOBHUSIX, CJIAHLIEBBIN Ta3 HMCIOIB3YIOT IS
9HEProoOecreyeH st ¥ MOBBIMECHHS PPEKTUBHOCTH (DYHK-
IIMOHUPOBAHUS MOA3EMHOI'0 SHEPrOTEXHOJIOTMYECKOTO KOM-
TUIeKCa, a CIIAHIIEBYIO HETh ITOCIIe OKOHYATENBHOW OUMCTKH
Y TIOJTOTOBKH HAa JIHEBHOW MOBEPXHOCTH IMOCTABIISIIOT I10-
TpeOUTEISIM.

IMpakTnyeckasi 3HaunmMocThb. OOecrieueHHE BO3MOX-
HOCTH BOBJIeYeHHsI B d(P(PEeKTHBHYIO pazpabOTKy KPYITHBIX
CJIAHLIEBBIX HE(TEra30HOCHBIX 3aJIEXKEH /ISl I0OBIYHM CllaH-
LEBBIX HE()TH M raza IyTeM PalOHAJILHOIO COYETaHMUsI XO-
pOIIO OTPaOOTAHHBIX M LIMPOKO HCIOJIB3yeMbIX B TOPHOM
JieJie METOJIOB M TEXHOJIOTMM IIAXTHOW M CKBA>KMHHOM J10-
OBIYM MOJIE3HBIX NCKOITAEMBIX.

KiroueBble €J10Ba:  axmuo-CKAHCUHHBI  MEMOO,
cranyesas Heghmo, O6AHCEHOBCKAS CEUMA, MEXHONIOSUYECKA
cxema

Pexomenoosano 0o nyonikayii O0okm. mexH. HAYK
B.M. 3axapoeum. [Jama naoxooowcenns pykonucy 18.11.14.
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