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RESUMO

A estimativa da parcela das reservas de petréleo dificeis de extrair nos depdsitos da Russia varia de
acordo com diferentes fontes em uma faixa bastante ampla (de 30 a 70%). Devido a auséncia de uma abordagem
comum a sua definicdo, a variedade de parametros utilizados para estimar essa parcela e as condi¢des
fundamentalmente diferentes para o desenvolvimento dos grupos de reservas classificadas como dificeis de
extrair tornam-se um desafio. Uma parcela significativa das reservas comprovadas de petréleo dos campos de
petroleo russos - cerca de 34% (6,3 milhdes de toneladas) - pertence a pesados (densidade de 6leo superior a
0,871 g/cm?) e superpesados (densidade de 6leo superior a 0,895 g/cm3). Em geral, a parcela de éleos de alta
viscosidade e super alta viscosidade € de cerca de 13% (2,4 milhdes de toneladas). A maior parcela refere-se
aos depositos de trés distritos. Em coletores de baixa permeabilidade (permeabilidade inferior a 0,05 pm?2),
enormes reservas estao concentradas - 8,2 milhdes de toneladas ou 44,6% de todo o petréleo. A comparagao
da extragao de petréleo e da estrutura de reservas indica uma boa correlagado para a extragao de 6leo de
coletores com baixa permeabilidade em 41,8% com o percentual de reservas em 44,6% assim como correlagdo
relativamente boa em 6leo super pesado em 13,4% com porcentagem de reservas em 18% e taxas baixas para
6leo de viscosidade super alta em 1,7%, com porcentagem de reservas em 6%. Reservas comprovadas
significativas de 6leo de alta viscosidade na Russia indicam a possibilidade de aumentar a produgéo com a
introdugédo de tecnologias modernas, existentes e comprovadas, sob condigbes econdmicas apropriadas. O
envolvimento em larga escala no desenvolvimento apenas dos maiores depdsitos de 6leo de alta viscosidade
permitiria a Federagcdo Russa produzir pelo menos 25 a 30 milhdes de toneladas no médio prazo.

Palavras-chave: reservas de dificil extracdo, HTER, rochas de baixa permeabilidade, base de matérias-primas
da Federagao Russa.

ABSTRACT

The estimation of the share of hard-to-extract oil reserves in the deposits of Russia varies by different
sources, in a fairly wide range (from 30 to 70 %). Due to the absence of a common approach to their definition,
the variety of parameters used to estimate this share and fundamentally different conditions for the development
of the groups of reserves classified as hard-to-extract become challanging. A significant share of the proven oil
reserves of Russian oil fields - about 34 % (6.3 million tons) - belongs to heavy (oil density more than 0.871 g/cm?)
and super-heavy (oil density more than 0.895 g/cm?3). In general, the share of high-viscosity and super-high-
viscosity oils is about 13% (2.4 million tons). The largest share refers to the deposits of three districts. In low-
permeable collectors (permeability less than 0.05 um?), huge reserves are concentrated — 8.2 million tons or 44.6
% of all oil. Comparison of oil extraction and reserves structure indicates a good correlation for oil extraction from
low-permeable collectors in 41.8 % with reserves percentage in 44.6 % as well as a relatively good correlation in
super-heavy oil in 13.4% with reserves percentage in 18 % and low rates for super-high-viscosity oil in 1.7% with
reserves perecentage in 6 %. Significant proven reserves of high-viscosity oil in Russia indicate the possibility of
increasing production with the introduction of modern, existing and proven, technologies under appropriate
economic conditions. Full-scale involvement in the development of only the largest deposits of high-viscosity oil
would allow the Russian Federation to produce at least 25-30 million tons in the medium term.

Keywords: hard-to-extract reserves, HTER, low-permeable rocks, raw material base of the Russian Federation.
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AHHOTALUA

OueHka gonu TpygHOM3BIEKAEMbIX 3anacoB HedTN B MeCTopoxaeHnsax Poccun BapbupyeT No pasHbiM
WCTOYHMKaM, B OOBOMbHO LWmMpokom auanasoHe (oT 30 go 70 %). 310 obycnoBneHo oTCyTCTBMEM €AMHOro
noaxoda K ux onpegenexHuto, MHoroobpasnem napameTpoB, NCMOMb3yeMbIX ANS OLLEHKM 3TOW 4onum u, 4Tto bonee
CYLWECTBEHHO, MpUHUMNUANbHO  pPa3HbIMU  YCNOBMSMM  OCBOEHWS  TPynn  3anacoB, OTHOCUMMbIX K
TpyAHomsenekaembiM. CyllecTBeHHas Oons pasBedaHHbIX 3anacoB HedTu mectopoxgeHun PO - okono 34 %
(6,3 Mnpa T) oTHOCUTCSA K TskenblM (nnoTHocTb 6onee 0,871 r/cm3) n cBepxTskenbiM (MNoTHocTL Gonee 0,895
r/cm3). B uenom [onsi BbICOKOBA3KMX U CBEPXBbLICOKOBSA3KMX HedTel coctasnsieT okono 13% (2,4 mnpa.T.)
Haunbonbluas nx 4acTb NpUypoyeHa K MECTOPOXAEHUAM TPEX PEMMOHOB. B HM3KOMPOHML@EeMbIX KOMneKkTopax (c
npoHuuaemMocTbto MeHee 0,05 MKkM?) cocpefoTOYeHbl OFpoMHbIe 3anachkl — 8,2 Mnpg T unu 44,6 % Bcex 3anacoB
HedTn. CpaBHEHNE O0ObLEMOB A0ObLIMM M CTPYKTYpbl 3anacoB CBUOETENbCTBYET O XOPOLUEN KOppensuuu no
Aobblve HedTM 13 HM3KONPOHMUAaeMbix komnnektopoB 41,8 % npw gone 3anacoB B P® 44,6 %, oTHOCUTENbHON
XOpOLLUEN koppensauun no ceepxtsxenon Hedtn 13,4 % npu gone B 3anacax 18 %, n HU3kUX NokasaTensx no
CBEpPXBbICOKOBA3KOM HedTn - 1,7 % npu pone B 3anacax 6 %. 3HauuTenbHble pa3BefaHHble 3anachl
BbICOKOBSI3KON HedTn B Poccum cBMOETENbCTBYIOT O BO3MOXHOCTM HapawumBaHusi o6bemMoB [06bluM npu
BHEAPEHMN COBPEMEHHbIX, YXE& WUMEHLMNXCA U anpobupoBaHHbIX  TEXHONMOMMM MNPU COOTBETCTBYHOLLUX
3KOHOMMYECKMX ycroBusaxX. 1o oueHkam 3kcnepToB nonHoMacwTabHoe BoBreyeHwe B pa3paboTKy TOMbKO
Hambornee KpynHbIX 3anexen BblCOKOBA3KON HedpTn no3sonuo 6el Poccun gononHuTensHo AobbiBaTh HE MEHee

25-30 MnH.T. B CpeAHECPOYHON NepcrnekTuBee.

KnioueBble cnoBa:mpydHoussenekaemsle 3anacol, TP3, HU3KonpoHuuaembie rnopoodsl, coipbesasi 6asa PP.

1. INTRODUCTION:

The involvement in economic turnover of
oil reserves belonging to various groups of hard-
to-extract (HTER) has become possible due to
advances in technology and changes in market
conditions that allow the effective development of
such reserves (Shpurovet al., 2006).

Assessment of the possibility of reserves
development depends on the use and availability
of extraction technologies, which in turn determine
the economic characteristics of HTER projects
(Prischepa et al., 2011; Shpurov et al., 2014;
Zambrano et al., 2018;) makes it necessary to take
a more careful approach to their differentiation.

The concept of "hard-to-extract reserves"
is subject to significant revision over time (Shpurov
et al.,, 2014). The classification of hard-to-extract
reserves, developed by E. M. Halimov and N. N.
Lisovsky (Lisovsky et al., 2009) proposed in 1994,
established the basic criteria for such reserves
require  significant refinements with the
introduction of tax incentives in 2012, but new
technology has allowed cost-effectively develop a
certain proportion of reserves that were previously
considered ineffective (Shpurov et al., 2014).
Accordingly, the criteria that characterize oil
reserves as hard-to-extract have been rethought
(Muslimov, 2011; Shelepov, 2013; Szydlowski,
2019; Shpurov et al., 2014; Prischepa, 2019;
Prischepa, 2016;).

A typical example is given in a
retrospective survey of 2014 year by Shpurov I. V.
(Shpurov et al., 2014) on the change of the share

of hard-to-extract oil reserves in West Siberia over
the past 30 years, indicating that the reserves in
the 80-90 years of the twentieth century belonged
to hard-to-extract were involved in active
production (Kontev et al., 2019). As a result of the
use of the latest technologies that became
widespread in the late XX - early XXI century, in
particular the emergence of hydraulic fracturing
technologies, horizontal drilling, and
multidimensional digital reservoir models, oil
extraction in West Siberia was about 300 million
tons, i.e., in 2 times more than expected in
accordance with development projects drawn up
and approved before 1990.

When discussing the opportunities for the
development of projects for the exploration of
hard-to-extract oil reserves in recent years, the
emphasis is mainly placed on two groups: deposits
in low-permeable rocks and deposits of heavy and
high-viscosity oil. The solution of the problem of
stimulating the production of hard-to-extract
reserves in modern conditions is complicated by
the lack of a concept (definition) and a classifier for
HTER of these two groups (Shpurov et al., 2014).

The most significant role in intensifying of
exploration and development of hard-to-extract
reserves had to play benefits for the tax on mineral
extraction (TME), taking into account the
permeability of the collectors (from reduced tax of
20% to completely “reset” for the extremely low
permeability of bazhenovskaya, domanic, and
hadumskaya formations) and benefits on
extraction of heavy and high-viscosity oil.
Meanwhile, criteria for hard-to-extract reserves
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contained in low-permeability collectors, and
reserves of high-viscosity oil with the progress of
technology @ has  substantially increased:
permeability from 0.03 to 0.002 mm?; by viscosity
from 30 to 200 MPa:-s. Accordingly, the volume of
oil reserves that can be defined as hard-to-extract
significantly decreased (from 10.8 billion to 4.7
billion tons, i.e., in 2 - 3 times when using such
criteria). The objective of tightening the criteria is
shown by the fact that about 60% of the reserves
that were previously considered as hard-to-extract
are already involved in the development. In 2014,
only 4.8 billion of the 10 billion tons that previously
belonged to this category remained uninvolved
(Neizvestnaya et al., 2018; Yemelyanov et al.,
2019a,b, 2020; Voronkova et al., 2019).

At the same time, the share of reserves
involved in the development that are classified as
hard-to-extract in accordance with the tax code is
only 13% (with the exception of depleted reserves)
(Shpurov et al., 2014; Lushpeev and Margarit,
2018; Lateef et al., 2019).

A separate category of projects for hard-to-
extract reserves that have not yet been developed
is projects for unusual HCM accumulations in
extremely low-permeable collectors (oil from
dense and shale collectors).

A push for development of such projects
should have been the allocation of several
specialized projects (including big companies -

Gazpromneft (the project of The Bazhen
technology center), Surgutneftegaz, Tatneft,
Rosneft and LUKOIL) that allow testing

approaches to technologies for the development
of “dense” collectors and so-called “shale”
formations, first of all, bazhenovskaya and
domanic formations. These measures have
played a role in the intensification of study, but in
general, especially for the last group of
commercially successful projects until now,
including due to the uncertainty of the regulatory
framework and the development of new methods
for assessing reserves (Gutman et al, 2017;
Kamenchukov et al., 2019).

Accordingly, in light of that, estimate of the
share of hard-to-extract oil deposits in Russia
varies in line to different sources, in a fairly wide
range (from 30% to 70%) (Prischepa et al., 2011;
Yakutseni et al., 2007; Lisovsky et al., 2009;
Shpurov et al., 2014; Shelepov, 2013; Muslimov,
2011), due to the lack of a unified approach to their
definition, many of the parameters used for the
evaluation of this share and, more significantly, the
fundamentally different conditions of development
of groups of reserves classified as hard-to-extract.

In “The strategy of development of mineral
resources of the Russian Federation till 20307, the
mention of the 65% share of hard-to-extract
reserves in Russia, with none of the classification
parameters, indicating that classification of oil
reserves with certain properties to be hard-to-
extract (density and viscosity of oil, tar, sulfur, and
paraffin content, etc.), such share in the structure
of reserves is not mentioned.

Due to the fact that reserves can often be
classified as hard-to-extract by several
classification criteria (heavy and high-viscosity
oils, high-tar and sulfur oils, etc.), a simple
summation of the volume of reserves of such
groups does not allow you to get an idea of the real
share of hard-to-extract reserves and their
structure (Prodanova et al., 2019).

This study aimed to analyze the share of
hard-to-extract oil deposits in Russia, to establish
a single approach to their definition, parameters
used to estimate this share, and to see the
different conditions of development of hard-to-
extract reserves.

2. MATERIALS AND METHODS:

The most important parameters used to
classify oil reserves as hard-to-extract are the
quality characteristics of the fluids. Thus,
according to the "Classification of oil and
combustible gas reserves", there are oils with
deteriorated (in terms of the possibility of
development) physical and chemical properties,
which include bituminous (density over 0.895
g/lcm®) and heavy (0.871-0.895 g/cm?®), super-
high-viscosity (viscosity over 200 MPaes) and
high-viscosity (from 30.1 to 200 MPac-s), as well as
oil with high (more than 500 m?3/t) or low (less than
200 m3/t) gas saturation.

The next group of parameters is related to
the collector properties of the hydrocarbon-
containing strata. Here, the main classification
parameters are both the collector capacity itself,
which essentially determines the volume of
reserves in the strata and such an important
characteristic as permeability, which directly
affects the development modes and extraction
technologies.

In terms of permeability, productive layers
are divided into low-permeable (up to 100 mD),
medium-permeable (100-500 mD), and high-
permeable (more than 500 mD).

There is a large group of parameters that
also determines the complexity of development
and the need to use special modes or technologies
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— this is the occurrence of collectors at low depths
and (or) in the permafrost zone, high or extremely
low intra-layer temperatures, high water content of
the extracted water-oil liquid, etc.

3. RESULTS AND DISCUSSION:

At the beginning of 2019, 3176, fields with
deposits containing oil have been identified in the
Russian Federation (Prischepa, 2019). Most of the
oil reserves are accounted for in 2756 fields of the
distributed subsoil fund (96.6% of all drilled
developed reserves). Oil extraction in Russia as a
whole for the 2018 year amounted to be about 3%
of the current drilled developed reserves. In more
than half of the multi-deposit oil fields (1720) in
Russia, one or more deposits are characterized by
properties that make it possible to classify oil
reserves as hard-to-extract.

As of 01.01.2019, a significant share of oil
reserves is characterized by properties that allow
considering them as hard-to-extract. Thus, heavy
(more than 0.871 g/cm?®) and super-heavy (more
than 0.895 g/cm?® oil fields in the Russian
Federation amount to be about 34% (6.3 billion
tons) of the current drilled industrial extractable
reserves, which is significantly different from the
estimates of international experts, who estimate
13.4 billion barrels (less than 2 billion m3), probably
due to accounting only super-heavy oil, which at
the same time is high-viscosity and super-high-
viscosity. The largest part of the reserves of heavy
and super-heavy oil in absolute terms is
concentrated in the deposits of the Urals Federal
district (2.9 billion tons, or 45.9 % of all heavy oil
reserves in Russia), including the Khanty-Mansi
Autonomous region there are 1.7 billion tons
(including 0.252 billion tons of super-heavy), the
Yamalo-Nenets Autonomous region — 0.995 billion
tons (0.958 billion tons of super-heavy); the Volga
Federal district — 2.1 billion tons (33.2%); the
North-West Federal district — 0.7 billion tons
(11.1%) (figure 1). More than 90% of the reserves
of heavy and super-heavy oil are concentrated in
the fields of 3 specified Federal districts. Since the
volumes of total current oil reserves recorded in
the respective districts differ significantly, the
share of reserves of heavy oil in them varies from
10.5% in the Urals Federal district, 26.8% in the
Volga Federal district to 39.9% in the North-
Western Federal district. In the Siberian Federal
district, with relatively small amounts of recorded
reserves, the share of heavy oil is 14.8%.

On a parameter of viscosity (when referring
to a group of high-viscosity oil with a viscosity of
more than 30 MPaess and taking into account that

for some fields, data on the quality of raw materials
in the State balance are not given for 1092 million
tons of extractable reserves or 6% of the oll
reserves of the Russian Federation), the current
structure of oil reserves in the Russian Federation
differs slightly from the structure of distribution of
reserves by oil density. So, in the whole of Russia,
the share of high-viscosity (30.1-200 MPaes) and
super-high-viscosity (more than 200 MPa-s) oil is
respectively 6.0 and 6.9% of extractable
commercial reserves, or in the amount of 2378.6
million tons. Most of them are in the deposits of the
Volga Federal district (940.9 million tons, or 39.6%
of high-viscosity oil reserves of the Russian
Federation), the Urals Federal district (902.5
million tons or 37.9%), almost all of them are in the
Yamalo-Nenets Autonomous region (818.4 million
tons) and the North-Western Federal district
(426.3 million tons, 18.1%) (figure 2). In the
structure of the reserves of these districts, the
lowest share of high — viscosity oil (8.5%) falls on
the Urals Federal district, and the largest (25.5 and
31.0%) - on the Volga and the North-Western
Federal districts, respectively. It should also be
noted that a significant share of Russian oil
reserves belongs to the group of high-viscosity
(10.1-30.0 MPases) - 1115.7 million tons, that most
part (892 million tons) is also concentrated in the
Volga Federal district.

If we consider the structure of heavy and
high-viscosity oil reserves in the section of oil and
gas provinces (OGP), most of them are in the
Volga-Ural (Republic of Tatarstan, Samara region
and Perm region), West Siberian (Yamalo-Nenets
and Khanty-Mansi Autonomous regions) and the
Timan-Pechora (the Republic of Komi) OGP. Also,
a significant share of heavy oil is noted in the
reserves of the Okhotsk province (Sakhalin island
shelf) (Saitgaleevet al., 2019; Tannady et al.,
2019), but since it does not differ in high-viscosity,
it is not hard-to-extract.

When comparing the structure of heavy
(super-heavy) and high-viscosity (super-high-
viscosity) oil, there are significant discrepancies
(almost 2 times) in the recorded oil reserves in the
Russian Federation as a whole. The volumes of
heavy and super-heavy oil reserves of Russia are
estimated at 6.3 billion tons, and high-viscosity
and super-high-viscosity oil at 3.4 billion tons.

From the point of view of development
conditions, super-heavy oils that do not have high-
viscosity in layer conditions, in fact, not much differ
from heavy and even medium-density oil. The limit
of classification for hard-to-extract reserves by the
value of oil density used in the previous
classification (more than 0.92 g/cm?®) met the need
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for special extraction technologies to a much
greater extent than the recommended limit for
super-heavy (bituminous) reserves - more than
0.895 g/cm? in the current classification. It is even
less correct to classify heavy oil with a density of
0.87 - 0.895 g/cm? as hard-to-extract.

When comparing the ratio of super-heavy
oil reserves in the Russian Federation (3.3 billion
tons) and high-viscosity oil (3.4 billion tons), a
good correlation is observed, which is confirmed
by an additional comparison of these groups by
Federal districts and subjects. Thus, in three
Federal districts, the most important largest
reserves of heavy and viscous oil, noted the
following relationship: in the Urals Federal district
- 1210 million tons of super-heavy oil and 939
million tons of high-viscosity and super-high-
viscosity oil, in the Volga Federal district,
respectively 1255 and 975 million tons, in the
North-West Federal district — 541 and 436 million
tons. For significant subjects of the Russian
Federation, this ratio is as follows: in the Yamalo-
Nenets Autonomous region - 958 and 854 million
tons, in the Republic of Tatarstan - 689 and 569
million tons, in the Republic of Komi - 329 and 355
million tons, in the Samara region -135 and 128
million tons.

Thus, when the boundary of the
classification of reserves as hard-to-extract
changes in density increasing above 0.92 g/cm?,
the differences between the reserves of super-
heavy and high-viscosity oil become even more
insignificant. It is important to understand that
despite significant reserves of high-density oil
(more than 0.87 g/cm?®), for example, in the
Khanty-Mansiysk  Autonomous Region, the
Nenets Autonomous Region, Krasnoyarsk region
and Omsk region, such reserves should not be
considered as hard-to-extract due to the fact that
the oil is not viscous, and its extraction does not
require significant additional costs compared to
the extraction of lighter oil.

From the point of view of development
conditions and, accordingly, the need to use
technologies that significantly affect the economic
performance of development projects (Prodanova
et al, 2019b), 3.3 - 3.4 billion tons of drilled
explored reserves of the Russian Federation,
which is about 18% of the total drilled reserves, are
hard-to-extract in this way.

The largest deposits of heavy oil in Russia
are the Russian, the Eastern-Messoyakhskoye
and Severo-Komsomolskoye in the Yamalo-
Nenets Autonomous region, respectively, 418,
201 and 147 million tons (extractable reserves of

heavy oil); Yarega and Usinsk in the Komi
Republic, respectively, 174 and 130 million tons. A
separate issue when considering the development
of hard-to-extract oil deposits is the issue of sulfur
content. Oil extraction with high sulfur content
requires the use of specialized equipment; such oil
requires high additional costs during processing,
and special transportation conditions, which
affects the economy of projects and limits its
extraction (Gennadyevich et al., 2019).

The share of sulfurous oil (sulfur content
1.0-3.0%) in the explored drilled reserves of the
Russian Federation is 27.9%, high-sulfur (more
than 3.0%) - 6.0%, i.e., a third of all explored oll
reserves of the Russian Federation belong to
sulfur and high-sulfur. Almost 80% of the
extractable reserves of high-sulfur oil from
Russian fields (878.2 million tons) are
concentrated in the Volga Federal district
(including 511.3 million tons in the Republic of
Tatarstan), and another 11.7% is in the Urals
Federal district (129.3 million tons in the Khanty-
Mansiysk Autonomous region). Taking into
account the combination of sulfur and high-sulfur
oil, in the Volga Federal district accounts for 3050
million tons (82% of all current registered reserves
of the district, including the Republic of Tatarstan
—910.9 million tons and the Perm region — 443.9
million tons); the North-Western Federal district —
681 million tons (almost 50% of the district's
reserves).

Consideration of the properties of the oil-
containing strata indicates that the low-permeable
collectors (less than 0.05 mm?) contain huge
reserves — 8.2 billion tons or 44.6% of all olil
reserves of categories A+B1+C1, including the
Volga Federal district — 1.1 billion tons (13.4%),
the Urals — 6.0 billion tons (75%) and the Siberian
— 0.76 billion tons (9.3%). Low-permeability
collectors account for more than 56% of the
current reserves of West Siberia, almost 30% of
the reserves of the Volga-Ural OGP, and 17 % of
the oil reserves of the Timan-Pechora province.

One thousand two hundred sixty-five
million tons of oil, or 6.8% of the A+B1+C1
reserves, are concentrated in sub — gas deposits,
including 650 million tons in the Urals region and
312 million tons in the Siberian Federal district.

Along with heavy and bituminous oil,
bitumen is considered as a strategic reserve. The
principal difference between super-heavy oil and
bitumen is its mobility in the reservoir. Thus, the
group of heavy and super-heavy oil includes, as a
rule, oil with a viscosity of more than 100 MPa-s
(Prischepa et al., 2011; Yakutseniet al., 2007;
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Lisovsky et al., 2009), and bitumen has a viscosity
exceeding 10000 sP. Many bitumens and super-
heavy oil have a higher viscosity in the reservoir.
There are many factors that affect the viscosity of
hydrocarbons, which include the group
composition, the presence of dissolved natural
gas, and the temperature and pressure in the
layer. In general, the viscosity of heavy oil or
bitumen is approximated with the density.

The state balance of mineral reserves of
the Russian Federation as of 01.01.2019 includes
only three deposits of bitumen and asphaltites,
one of which is associated with bituminous
dolomites, and one with bituminous sands.
Deposits with recorded reserves of bitumen and
asphaltites are located only in two districts —
Southern and Volga. The recorded reserves are
not of industrial value due to their small size.

Huge accumulations of bitumen and heavy
oil are known in Eastern Siberia (within three
provinces). The main bituminous layers are found
in the Vendian-Cambrian, Silurian, Carboniferous,
and Permian formations. Clusters (deposits) are
poorly studied due to their remoteness and lack of
economic interest.

Numerous accumulations of heavy
bitumen have been identified within the Volga-Ural
province, most of which are shallow deposits of
Permian age in the Central and Northern parts of
the province. According to R. H. Muslimov and R.
R. Ibatullin, the Republic of Tatarstan has the
largest natural bitumen resources in Russia; there
are 450 deposits in the upper Permian sandstones
with reserves of 1.163 billion m? (7.3 billion barrels)
(30-200 MPass). Heavy oil and bitumen in this
province have high sulfur content (up to 4.5%) and
contain metals (V, Ni, Mo).

Since the 80-ies of the last century, two
fields of the Volga-Ural OGP - Mordovo-
Karmalskoye and Ashalchinskoye fields - have
been the testing ground for working out a good
method for extracting natural bitumen. The
following technologies have been designed and
tested on them: core extraction in friable
bituminous sandstones specially created by the
coredigger; sampling of bituminous wells; initiating
intra-layer thermal gas generator, high-frequency
electromagnetic field, steam, electric heating
installation UESK-100; thermocycler action on the
bituminous-saturated layer by air, steam, and
steam gas; area injection of air, steam, and steam
gas; changes in the direction of filtration flows;
extraction of NB by low-temperature oxidation
(Muslimov, 2016).

Despite almost 40 years of research on the

geology and extraction of NB from Permian
deposits, the problem of starting their
development has not been solved. It is concluded
that the characteristics of heavy oil and natural
bitumen deposits in the Republic of Tatarstan are
worse than those in Canada, Venezuela, and the
United States: much smaller thickness; lower
collector properties; relatively low oil bituminous
saturation; high water content; a significant share
of hydrocarbons in complex, extremely
heterogeneous layers, which does not allow
automatic transfer of technologies developed in
the West to the bitumen deposits of the Russian
Federation. To solve the problem of involvement
in economic turnover, of course, the most
important is to solve theoretical issues, conduct
research and experimental industrial work on the
development of bitumen deposits, which is
impossible without the participation of the state
with direct co-financing on the terms of private-
public partnership (Muslimov, 2016).

A significant negative indicator of large
developed fields is the high depletion of their
reserves, which in general is 56%, and for many
large ones reaches 90%. The rest (unprocessed)
part of oil reserves can be considered as hard-to-
extract.

If we compare the structure of hard-to-
extract oil reserves and the extraction of the
considered groups, the largest degree of
correlation is observed when comparing the
volumes of oil in tight collectors — extraction was
214.5 million tons, or 41.8%, the proportion of
reserves in such collectors of 44.6%; in sub-gas
deposits, respectively 38.3 million tons (7.5%),
with the share in reserves of 6.8%; for super-high-
viscosity oil (with a viscosity greater than 200
MPa-ss) — 8.7 million tons (1.7%) with the share in
reserves of 6%, high-viscosity oil (viscosity more
than 30 MPaes) — 30.6 million tons (6%), with the
share in the reserves of 12.8%; super-heavy oll
with a density of more than 0.895 g/cm® — 68.8
million tons (13.4%) with a share in reserves of
18%, and taking into account heavy and super-
heavy oil with a density of more than 0.87 g/cm? -
170 million tons (33.2% of extraction) with a share
in reserves of 34%.

In the structure of oil extraction in the
Russian Federation, due to the introduction of new
efficient development technologies (hydraulic
fracturing, horizontal drilling, thermal methods,

etc.), the share of oil extracted from low-
permeable collectors, sub-gas deposits, and
heavy and super-heavy oil has increased

significantly in recent years (Shelepov, 2013;
Shpurov et al., 2014; Prischepa, 2019).
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The main methods of development are
thermal methods, which include: steam-thermal
exposure, intra-layer combustion, hot water
injection, steam-cyclic treatment of bottom-hole
zones of producing wells, and a combination of
these methods with other physical and chemical
methods (combined methods).

Heavy oil is extracted in three main oil
provinces: the Volga-Ural, the Timan-Pechora,
and West Siberia. In all regions, the extraction of
heavy and super-heavy oil is growing due to the
improvement and application of modern extraction
technologies.

In the Volga-Ural province, Ashalchinsky
and Mordovo-Karmalsky fields are being
developed, which are the oldest developed heavy
oil fields. The Yareg and Usinsk super-heavy oil
fields are being developed in the Timan-Pechora
OGP (the Komi Republic). The Yareg high-
viscosity oil field contains about 130 million m? of
heavy oil confined to the Devonian sandstones
located at a depth of 180-200 m.

The peculiarity of the development at
present is the transition from the long-used mining
methods (thermoshaft method, thermocyclic
impact) for more than 70 years to purely surface
ones. According to LUKOIL, this will lead to a
significant increase in the extraction of super-
heavy oil at the field — up to 2 million tons per year
or more. In conjunction with the second Usinsky
field that being developed in the Timan-Pechora
OGP, where the proven reserves of high-viscosity
oil in the Permian-coal reservoir amount to more
than 170 million tons, oil extraction is close to 5
million tons. The total accumulated extraction of
high-viscosity oil on the territory of the Komi
Republic as of 01.01.2018 exceeded 100 million
tons.

4. CONCLUSIONS:

Progress in extraction technologies,
combined with benefits for extracting high-
viscosity, super-heavy oil, and oil from low-
permeable collectors, has led to a significant
increase in its extraction (achieving a share in
extraction comparable to the structure of current
proven reserves) and the possibility of extending
this invaluable experience to other projects in
Russia, which will significantly support current
production in the long term.

Significant proven reserves of heavy and
high-viscosity oil in Russia indicate the possibility
of increasing extraction volumes with the
introduction of modern, existing, and proven
technologies under appropriate  economic

conditions. This is evidenced by such
achievements as a significant increase in the
share of heavy oil in the production structure, a
sharp increase in the volume of oil extraction from
low-permeable collectors in the Russian
Federation. At the same time, the rate of extraction
of high-viscosity oil, despite the growth, is
significantly behind the share of the corresponding
structure of oil reserves due to the need to use
high-cost technologies (thermal methods, etc.) in
the development.

One of the most important measures
recommended by the specialists of SRC (Shpurov
etal., 2014) and supported by the specialists of the
regions with huge volumes of hard-to-extract oil
reserves is the creation of a classifier of hard-to-
extract reserves, as well as developing a
scientifically sound definition of hard-to-extract
reserves and its application, including the criteria
for the appointment and cancellation of tax
incentives for different types of these reserves.

According to experts, full-scale
involvement in the development of only the largest
deposits of high-viscosity oil would allow Russia to
extract at least 25-30 million tons in the medium
term (Prishchepa et al., 2011; Muslimov, 2016).
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