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Abstract

Analysis of the properties of the Bazhenov Formation metalliferous oil from the West Siberian oil and gas
basin is presented During the development of these oil reserves, there is a danger of heavy metals (for example,
vanadium and nickel) entering the environment during oil extraction, transportation and refining. The informa-
tion from the database of the Institute of Petroleum Chemistry SB RAS (Tomsk) and the methods of statistical
and spatial analysis of geographical information systems are used in the work. Based on the classification of hard-
to-recover oil, deposits of the Bazhenov Formation with high and medium vanadium and nickel content have
been identified. The distribution of oil from these fields over the depth of occurrence is shown. With an increase
in the depth of occurrence, the concentration of metals in oil decreases by almost an order of magnitude. The
lithological features of reservoir rocks have been revealed: metalliferous Bazhenov oil is mainly found in sand-
stones (86.2 % of oil samples) and in sandy-siltstone rocks (13.8 % of samples), which confirms that the reservoirs
of the formation belong to the terrigenous type. The average values of reservoir parameters characterising filtra-
tion properties and the capacity of deposits are determined. To analyse metalliferous Bazhenov oil, a set of 68 oil
samples from 33 fields in the West Siberian oil and gas basin was used. The results obtained in the study can be
used in the development of new methods and technologies, and improvement of the existing ones, for the extrac-
tion and processing of metalliferous oil, taking into account environmental consequences.
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INTRODUCTION feedstock have made it possible to hold oil prod-

uct at so high level. The future of oil extraction in

Starting from 2010, the amount of oil pro-
duced annually in Russia is more than 500 mln t
(Fig. 1). Improvements of the known technologies,
approval and introduction of the innovative ones
for the extraction of hard-to-recover oil, advanc-
es in knowledge on the extracted hydrocarbon

© Yashchenko I. G., Russkikh I. V., 2025

Russia is the hard-to-recover oil because of de-
pletion in the reserves of commonly produced
feedstock [1—3]. It is known that the involvement
of hard-to-recover oil into development brings
about various technological, ecological and eco-
nomic problems.
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Fig. 1. Amount of crude oil production in Russia during the years 2006—2023.

In Russia, the first place in the reserves of
hard-to-recover oil in occupied by the Bazhenov
Formation (BF) of the West Siberian Oil and Gas
Basin (OGB) [1—3]. The main and preferred direc-
tion of the development and production of oil
from the Bazhenov Formation is considered to be
horizontal drilling, specifically hydraulic fractur-
ing technology [4, 5]. To achieve sufficiently high
economic efficiency of oil extraction from the
Bazhenov sediments using this technology, sub-
stantial investment is necessary, much higher
than that for the extraction of traditional re-
serves. At present, this technology has been suc-
cessfully implemented in the productive reservoirs
of the BF at the Novoportovkoye, Krasnolenin-
skoye, Vyngayakhinskoe, Palyanovskoye oilfields.
To study and involve the reserves from BF, tech-
nological centre Bazhen has been organised at the
Khanty-Mansi Autonomous Territory — Yugra
(KhMAT), and a ground has been arranged at the
Elleyskoye and Archinskoye oilfields in the Tomsk
Region to elaborate the technologies of oil extrac-
tion from BF.

However, in addition to the need for substan-
tial investment into the development of Bazhenov
reservoirs, many researchers [5—9] consider the
environmental consequences of the use of hydrau-
lic fracturing technologies:

— the necessity for large water reserves for
making a mixture of sand with chemicals to pro-
vide the success of oil production;

— accumulation of great amounts of polluted
water, which is hazardous for soil by destroying
its fertility;

— high probability of contaminating the sur-
face and reservoir waters;

— seismic instability as a consequence of un-
derground reservoir destruction.

In addition, the problem related to the devel-
opment and production of Bazhenov oil contain-
ing heavy metals has been insufficiently consid-
ered, which aggravates the risk of negative effect
on the natural environment and on humans. It is
necessary to take into account the fact that the
application of hydraulic fracture technology in-
volves thermal action and an increase in the pres-
sure on productive sediments, injection of large
amounts of chemicals and water. This may pro-
mote the release of metal compounds and their
ejection into overlying layers, onto the Earth’s
surface and into the atmosphere.

Heavy metals constitute a great danger for
humans. The metals can get into the organism
with inspired air during the combustion of hy-
drocarbons, oil spill burning, with soil dust at oil-
fields, and along food chains. The migration of
heavy metals from polluted soil into surface and
ground waters causes contamination of drinking
water. The effect of heavy metals on humans
manifests itself in the formation of tumours. For
example, nickel compounds provoke the tumours
of kidneys, nasal mucosa, and throat [10].

Thus, investigation of the properties of metal-
liferous oil, its spatial distribution, and account of
the levels of toxic, dangerous heavy metals can
reduce or prevent the negative effect on this oil
on the natural environment and on humans.
Knowledge on metal composition and content in
oil will allow taking precautions at the stages of
extraction, processing, and utilisation of toxic dan-
gerous hydrocarbons. In addition, the isolation of
strategically essential metals from oil is profitable
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TABLE 1
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Information in the Database (DB) on the oilfields in the Bazhenov Formation containing metalliferous oil

Number of oilfields
(number of oil samples) in DB

Region

Oilfields

Khanty-Mansi 22 (49)
Autonomous Territory
Yamal-Nenets 6 (13)
Autonomous Territory

Tomsk Region 4 (5)
Novosibirsk Region 1(1)
Total 33 (68)

Bystrinskoye, Varyeganskoye, Vatyeganskoye,
Verkhne-Salymskoye, East Surgut, Em-Egovskoye, West
Surgut, Malobalykskoye, Megionskoye, Povkhovskoye,
Priobskoye, Ravenskoye, Salymskoye, Samotlor,
Sorymskoye, Tagrinskoye, Tevlinsko-Russkinskoye,
Ugutskoye, Uryevskoye, Fedorovskoye,
Khanty-Mansiyskoye, Yaunlorskoye
Vyngayakhinskoye, Gubkinskoye, En-Yakhinskoye,
Komsomolskoye, Novoportovskoye, Urengoyskoye
Katylginskoye, Ledovoye, Olenye, Pervomayskoye
Mezhovskoye

and economically reasonable in comparison with
ore extraction processes, and this may afford sub-
stantial profit for oil producers [11, 12]. With this
background, the goal of the work was to study
the physicochemical properties of oil and the spa-
tial distribution of BF oilfields with high and me-
dium vanadium and nickel content.

METHODS AND DATA CHARACTERISATION

The base for the analysis of metal-bearing
properties of oil from BF in West Siberia is the
information from the database (DB) on the phys-
icochemical properties of oil over the world, com-
piled and used for more than three decades at
the Institute of Petroleum Chemistry SB RAS
(Tomsk) [13]. At present, the Database contains
more than 45 600 descriptions of oil samples from
7247 oilfields of 195 oil and gas basins over the
world. The BF oils are represented in DB by
2833 samples from 127 oilfields of West Siberia.
An extended list of these oilfields with the pools
of Bazhenov oil is presented in [14—16].

According to the data shown in the schematic
map of oilfields with Bazhenov oil reservoirs at
the territory of West Siberia [14, 16], the largest
number of oilfields and the largest ones are situ-
ated in the central part of the West Siberian OGB
at the territory of KhMAT, accounting for almost
70 %. The oilfields situated in the Tomsk Region
account for more than 16 %, the proportions of
oilfields in the Yamal-Nenets Autonomous Terri-
tory (YaNAT) and the Novosibirsk Region are the
smallest: 12 and 2 %, respectively. However, the
distribution of BF oilfield resources is different:
the maximal reserves are concentrated in the oil-
fields of KhMAT (89 % of the resources of all

oilfields), the second position is occupied by the
reserves of BF oil in YaNAT (10 %), in the Tomsk
Region — 1 %, while the data on reserves in the
Novosibirsk Region are absent from DB.

According to the data reported in [15, 16], oil
pools of BF are associated with the reservoirs oc-
curring at rather large depth. It has been de-
termined that deep-seated oil (occurrence depth
4000—8000 m) has formed a small set of 23 sam-
ples (1.1 %) from the En-Yakhinskoye, Urengoy
and Komsomolskoye oilfields of YaNAT. Most of
the samples (about 77 %) of Bazhenov oil are as-
sociated with the depth range of 2000—4000 m.
These include BF oil from almost all the oilfields
of the Tomsk Region and YaNAT (13 and 12 oil-
fields, respectively) and from 65 oilfields of KhMAT.
The proportion of oil occurring at a depth of
1000—2000 m is 18 %, while the set of samples
from small depth (down to 1000 m) is small in
number and accounts for 2 %.

The set of metalliferous Bazhenov oil contains
67 samples from 33 oilfields. The list of these oil-
fields is presented in Table 1, where the general
information from DB on the number of oilfields
and the number of samples for each region is
shown.

In the studies, we used the methods of spatial
data analysis employing the means of geoinfor-
mation systems, and statistical methods, includ-
ing correlation data analysis.

RESULTS AND DISCUSSION

Classification of Bazhenov oil
over vanadium and nickel content

The notion of vanadium or nickel oil has not
got an unambiguous explanation either in Russia
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TABLE 2

Classification of Bazhenov oil over vanadium and nickel content

Oil classification Average Variation Number
with respect to metal content value, % range, % of samples
High vanadium content 0.0098 0.0036—-0.0376 24
Medium or low 0.0008 0.00001-0.0026 44
vanadium content

Medium or low 0.0007 0.00001-0.0053 47

nickel content

or in the world. Standard concentration of vana-
dium in oil is 30 g/t (or 0.003 %), and nickel —
70 g/t (or 0.007 %). This level and vanadium and
nickel content can provide industrial-scale ex-
traction of the metals from hydrocarbon feed-
stock, which will be comparable in profitability
with their industrial recovery from the ore raw
material [11]. According to the classification of
hard-to-recover oil [17—19], the limits determined
for vanadium and nickel concentrations in metal-
liferous oil are:

high vanadium content >0.003 %, medium or low
content <0.003 %;

high nickel content >0.007 %, medium or low con-
tent <0.007 %.

In the Database, 24 oil samples with high va-
nadium content from 11 oilfields were revealed
for the territory of KhMAT (Table 2). Oil from
the Salymskoye, West Surgut and Khanty-Mansi
oilfields is characterised by the maximal vanadi-
um concentrations (vanadium content is 376, 237
and 232 g/t, respectively). Nickel content in these
oilfields is medium or low (see Table 2). It should
be noted that there are no oils with high nickel
content in BF. Medium nickel content (<0.007 %)
is characteristic of o0il from the Sorymskoye, West
Surgut and Uryevskoye oilfields (53, 23 and 20 g/t,
respectively).

The types of oil and gas bearing basins classi-
fied on the basis of the largest vanadium to nick-
el ratios (V/Ni) have been determined previously.
If vanadium content exceeds nickel concentration
in oil (V/Ni > 1), the oil and gas basin (OGB) is
related to vanadium type. If vanadium content
is less than nickel content in oil (V/Ni < 1), the
basin relates to nickel type [11, 20]. The West Si-
berian OGB is characterised by the predominance
of vanadium compounds in oil (V/Ni = 1.50), and
for the Bazhenov oil, this ratio is 4 times larger
and equal to 5.71.

Oil pools are classified into depleted and en-
riched with metals [20, 21]. The former type in-
cludes oil with a total metal content below 1 g/t.

Enriched oil contains total metals at a level above
10 g/t. The sum of vanadium and nickel concen-
trations in oil studied by us is 3004 g/t, so this oil
is referred to as enriched.

The data on the most unique and large oil-
fields related to BF with the medium vanadium
and nickel content are presented in Table 3.

Features of occurrence conditions
for metalliferous oil of the Bazhenov Formation

It is known [1] that BF is widespread in the
West Siberian OGB over the territory of more
than 1 mln km? and exhibits the high inhomoge-
neity and complex geological structure. It was de-
termined relying on DB and [1, 16] that Bazhenov
oil occurs in the following rocks: the percentage
of samples from sandstone was more than 56 %,
from sand-siltstone reservoirs — almost 30 %, silt-
stone — more than 7 %, terrigenous rocks, bitumi-
nous siltstone and clay — 3 % each, clay — less
than 1 %. Metalliferous oil of BF occurs mainly in
sandstone (86.2 % of oil samples) and sand-silt-
stone (13.8 % of samples), which confirms the
statement that BF reservoirs relate to the terrig-
enous type [1, 6, 21].

Most of the studied oil samples (almost 80 %)
are from the middle occurrence depth, 2000—3000 m
(Table 4). Deep bedded oil (deeper than 4500 m)
is absent. Interrelation between the changes of
vanadium and nickel concentrations at different
depth has been revealed: on average, heavy metal
content decreases with an increase in the depth
of occurrence. Vanadium and nickel content with-
in the depth range from 1000 to 4000 m decreases
from 21 to 5 g/t and from 6.7 to 0.5 g/t, that is,
decreases by a factor of 4 and 13, respectively.

The stratigraphic range of BF has been long
defined as the Early and Late Volgian stage of
the Jurassic system. On the basis of more detailed
studies, the age boundary was extended to the
Valanginian stage of the Cretaceous system. This
means that BF was formed in a deep marine
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TABLE 3
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Resource ranking for the oilfields of the Bazhenov Formation containing metalliferous oil

Oilfield Vanadium content, % Nickel content, %
Unique (more than 300 mln t of oil)
Samotlor 0.0020 0.0011
Priobskoye 0.0041 0.0005
Fedorovskoye 0.0068 0.0008
Urengoy 0.0001 0.0001
Povkhovskoye 0.0011 -
Vatyeganskoye 0.0020 0.0015
Salymskoye 0.0136 0.0006
Large (30 to 300 mln t of oil)
Tevlinsko-Russkinskoye 0.0007 -
Novoportovskoye 0.0006 0.0008
Vyngayakhinskoye 0.0001 0.0001
Malobalykskoye 0.0022 0.0003
Komsomolskoye 0.0016 0.0003
Uryevskoye 0.0017 0.0020
West Surgut 0.0096 0.0010
Pervomayskoye 0.0006 -
Bystrinskoye 0.0075 -
Medium (10 to 30 mln t of oil)
Verkhne-Salymskoye 0.0043 0.0006
Olenye 0.0005 0.0001
Tagrinskoye 0.0001 0.0005
Ugutskoye 0.0013 -
Katylginskoye 0.0002 -
Small (1 to 10 mln t of oil)
Ravenskoye 0.0084 -
Ledovoye 0.0001 0.0001
East Surgut 0.0055 0.0005

TABLE 4

Depth of metalliferous Bazhenov oil occurrence

Occurrence Number Average vanadium Average nickel
depth, m of samples, %  content, % content, %
1000—-2000 17.7 0.0021 0.00067
2000—-3000 79.4 0.0033 0.00034
3000—4000 2.9 0.0005 0.00005

basin at the end of Jurassic era and at the begin-
ning of the Cretaceous time, approximately 145
mln years ago [5, 22]. It is shown in Table 5 that
with a decrease in the age of sediments, the con-
tent of vanadium in oil decreases from 85 to
37 g/t, while nickel content increases from 0.4 to
5.4 g/t. Therefore, no clear relationship between
changes in heavy metal content and the age could
be revealed.

The average values of reservoir characteristics of
the Bazhenov sediments are presented in Table 6.

one can see that reservoir porosity varies from 14
to 28 %, permeability changes from several hun-
dredths to 1.5 um?® A broad variation range is also
characteristic of the temperature—pressure pa-
rameters: reservoir temperature — from 56 to
110 °C, reservoir pressure — from 20 to 38 MPa.
According to [17—19], hard-to-recover oil is char-
acterised by high or low reservoir temperature
and pressure. The hot Bazhenov oil (reservoir
temperature is higher than 100 °C) is character-
istic of the Salymskoye and Uryevskoye oil-
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Age of sediments Number Average vanadium Average nickel content, %

of samples, % content, %
Middle Jurassic 114 0.0085 0.00004
Upper Jurassic 28.6 0.0004 0.00019
Lower Cretaceous 60.0 0.0037 0.00054
TABLE 6
Reservoir characteristics of metalliferous Bazhenov oil
Reservoir characteristics Average Variation range Number

value of samples, pcs

Reservoir temperature, °C 83.63 56.00—110.00 19
Reservoir pressure, MPa 25.44 20.00—37.60 19
Permeability, pm? 0.30 0.02—1.49 10
Porosity, % 20.05 14.00—28.00 11

fields (KhMAT). The oil of BF with low reser-
voir temperature (below 20 °C) was not detected.

Permeability and porosity have a direct effect
on the development mode and the choice of oil ex-
traction technologies (see Table 6). Most of the
studied oil samples come from the reservoirs with
medium permeability (ranging from 0.05 to 0.5 um?)
and highly porous ones (porosity more than 15 %).
These rock characteristics are typical, for example,
for the reservoirs of the Urengoy (YaNAT), Megion-
skoye, Samotlor, Uryevskoye and Yaunlorskoye
(KhMAT) oilfields. The Vyngayakhinskoye (YaNAT)
and Ledovoye (the Tomsk Region) oilfields differ
from the others in their permeability: the reser-
voirs of these oilfields are low-permeable (the po-
rosity is less than 0.05 um?).

Comparative analysis of the geological-physical
and chemical characteristics
of metalliferous Bazhenov oil

It is known that changes in the geological-
physical conditions of Bazhenov oil occurrence
in the pools are depicted in the rheological and
physicochemical parameters of oil. Density, vis-
cosity, chilling temperature, the content of resins,
sulphur, asphaltenes, paraffins, heavy metals af-
fect the complexity of oil extraction, transporta-
tion and processing, as well as the negative en-
vironmental consequences. As mentioned above,
the most efficient and preferred technology for
enhancing oil recovery and extraction of Bazhe-
nov oil, but at the same time the most environ-
mentally dangerous technology is hydraulic frac-
turing, which requires comprehensive knowledge

on the conditions of oil occurrence, the reservoir
rock characteristics, the physicochemical proper-
ties of oil, especially for oil from BF, enriched
with heavy metals.

An informative physical parameter is density,
it is affected by all oil components proportionally
to their concentrations. Oil density is one of the
major factors defining the difficulties in oil ex-
traction. Metalliferous Bazhenov oil exhibits sub-
stantial differences over the collected data. For
instance, its density varies from 0.811 (the Gub-
kinskoye oilfield, YaNAT) to 0.915 g/cm?® (the
Novoportovskoye oilfield, YaNAT), and the aver-
age density is 0.860 g/cm?®. Density variations cor-
relate with the changes of physicochemical pa-
rameters, such as resin content: from 2.3 (the
Gubkinskoye oilfield, YaNAT) to 19.1 % (the West
Surgut oilfield, KhMAT), asphaltenes from 0.12
(the Gubkinskoye oilfield, YaNAT) to 5.5 % (the
Sorymskoye oilfield, KhMAT), paraffins from 1.3
(the Olenye oilfield, the Tomsk Region) to 7.63 %
(the Gubkinskoye oilfield, YaNAT), sulphur from
0.02 (the Salumskoye oilfield, KhMAT) to 2.5 %
(the West Surgut oilfield, KhMAT). Oil viscosity
varies also within a broad range: from 3.16 (the
Gubkinskoye oilfield, YaNAT) to 82.1 mm?/s (the
Fedorovskoye oilfield, KhMAT), the average vis-
cosity at 20 °C is 17.79 mm?/s.

Metalliferous oil of BF is characterised mainly
by the negative chilling temperature (from —1 to
— 48 °C), and no positive chilling points have been
revealed.

With respect to density values, 3 groups of
metalliferous Bazhenov oil have been classified:
light (density less than 0.84 g/cm?), medium (den-
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TABLE 7

Average physicochemical characteristics of the metalliferous oil
of the Bazhenov Formation depending on density

Physicochemcial parameters Light oil

Medium-density oil

Heavy oil

Occurrence mode

Occurrence depth, m 2512 2369
Reservoir temperature, °C 89.83 42.47
Reservoir pressure, MPa 28.37 11.78
Permeability, um? 0.14 0.40

Porosity, % 17.20 19.49

Physical parameters

Density, g/cm? 0.8274 0.8558
Viscosity at 20 °C, mm?/s 3.31 6.76
Viscosity at 50 °C, mm?/s 1.74 2.92
Chilling point, °C —26.67 —-13.21

Chemical parameters

Content, wt%:

sulphur 0.39 0.65
paraffins 3.72 3.23
resins 5.32 7.09
asphaltenes 0.66 1.24
vanadium 0.0003 0.0015
nickel 0.0002 0.0006

Gas content in oil, m®/t 350.00 69.50

2086
26.78
9.47

0.008
16.67

0.8955
25.81
11.15
—12.07

1.54
1.87
9.58
153
0.0065
0.0006
21.02

sity from 0.84 to 0.88 g/cm?®), and heavy (density
higher than 0.88 g/cm?). The average values of
reservoir characteristics and the main physico-
chemical parameters of the studied oil samples
from each group are listed in Table 7. The second
group (oil with medium density) contains the
largest number of samples, their percentage was
50 %, the percentage of heavy oil samples was
27.6 %, the smallest in number group is light oil,
accounting for 22.4 %. The distribution of oil re-
sources over these groups is similar: the largest
resources are concentrated in the group of oil-
fields with oil related to the medium-density group
(57.3 %, the Priobskoye, Samotlor, Vatyeganskoye
and other oilfields), 31.6 % of the resources are in
the group with heavy oil (the Fedorovskoye, Novo-
portovskoye, Salymskoye and other oilfields), 11.1 %
are the light oil resources (the Povkhovskoye,
Urengoy, Vyngayakhinskoye and other oilfields).
A clearly pronounced relationship between oil den-
sity changes and the major rheological and phys-
icochemical characteristics (see Table 7). Heavy
Bazhenov oil occurs at smaller depths, with low
reservoir temperature and pressure, and the res-
ervoirs have low permeability and high porosity.
Light oil is in deeper reservoirs, at the highest
temperature and pressure. Oil of medium density

is in the rocks with the highest permeability and
porosity.

It is shown that with an increase in density
from the group of light to high oil, viscosity in-
creases almost by a factor of 10, chilling tempera-
ture increases by a factor of 2 on average, sul-
phur, resin and asphaltene content increases more
than 3 times, while gas content in oil decreases by
about an order of magnitude. Paraffin content is
practically stable in different groups, and a high-
er content is observed in the light oil group. In
agreement with oil classification according to the
physicochemical properties [17—19], heavy oil re-
lates to the class of low- or medium-viscous oil
(viscosity less than 35 mm?/s). This oil is sul-
phurous, medium-paraffinic, medium-resinous
and low-asphaltene, with low and medium gas
content.

Statistical analysis of the data was performed,
and pair correlation coefficients were calculated.
A positive correlation between vanadium and
nickel was detected, which can be explained by
their presence in vanadyl porphyrin complexes of
the organic matter in rocks. A positive correlation
has also been detected between density and viscos-
ity, paraffins, sulphur, resins and asphaltenes, be-
tween vanadium and sulphur, nickel and sulphur.
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TABLE 8

Vanadium content in oil and bitumoids, and the content of vanadium porphyrins in the bitumoids

of some oilfields of the Bazhenov Formation

Oilfield Vanadium porphyrins Vanadium Vanadium in oil
in bitumoids, % [23] in bitumoids, % [24] (from DB*), %

Novoportovskoye 0.0 0.0 0.0006
Gubkinskoye 0.0 0.032 0.0002
Salymskoye 0.0 0.014 0.0136
Vyngayakhinskoye 0.023 0.046 0.00007
Tagrinskoye 0.044 0.092 0.0001
Samotlor 0.770 0.112 0.0020
Fedorovskoye 1.065 0.183 0.0060
Ugutskoye 2.380 0.008 0.0013
Megionskoye 3.100 0.034 0.0006

* Database.

However, the distribution of BF oilfields with
vanadium-containing oil over the area, as well as
over the content of vanadium porphyrins and va-
nadium in the bitumoids of rocks demonstrated
discontinuity and inconsistency of their distribu-
tion (Table 8). For instance, oilfields with high
content of vanadium porphyrins are concentrated
in the centre of BF, in the middle reach of the
Ob, while oilfields with low content of vanadium
porphyrins are located mainly at the southern,
western and northern boundaries of BF [23]. The
distribution of oilfields with low vanadium con-
tent in bitumoids [24] demonstrates certain con-
sistency with the arrangement of oilfields con-
taining vanadium porphyrins in the reservoirs.
QOilfields with low vanadium content in bitumoids
are situated in the southern regions of BF and are
extended to the northern boundaries, the highest
content was determined near the western bound-
aries and in the centre of BF. Differences in the
data on vanadium content in oil, as well as vana-
dium and vanadyl porphyrins in the organic mat-
ter, prove the complexity of interpretations of
their differences or analogies. This is evidence of
the ambiguity of oil generation and migration
in BF sediments, which, in turn, confirms the ne-
cessity of more detailed investigation of the com-
plicated conditions under which the pools of
metalliferous Bazhenov oil were formed, and the
outlooks of its efficient recovery without environ-
mental consequences (see Table 8).

CONCLUSION

On the basis of statistical and spatial analysis,
the data are presented on the distribution of oil-
fields with metalliferous oil over the area of BF,
on oil classification with respect to metal content,

on the regularities of oil occurrence depending on
the depth and age. The average concentrations of
metals, paraffins, resins, asphaltenes, and sul-
phur are presented. It is shown that the main
physicochemical properties vary depending on oil
density. Inconsistency of oilfield distribution over
vanadium content in the organic matter is re-
vealed, which proves the necessity of additional
studies of oil generation and migration in struc-
turally complex reservoirs of BF.

Oil from BF is introduced into production with
the help of horizontal drilling technology using
hydraulic fracturing method, which is recognised
worldwide as the preferable and efficient one.
Most of new wells are currently introduced into
production in Russia using this high technology.
The significance of BF reserve development has
been recognised at the country-wide level as far
back as in 2017. This project, supervised by the
Ministry of Energy of the Russian Federation, has
been assigned the status of the state project in
the elaboration of a complex of national technolo-
gies and high-tech equipment for the develop-
ment of reserves of BF. Implementation of the
project goals promoted the introduction of more
than 10 new technologies in the area of well con-
struction at the oilfields of BF using the Russian
well-head equipment, which of very important
and promising under the actual present-day con-
ditions with the sanctions policies of western
countries.

Fully-fledged extraction of hard-to-recover
Bazhenov oil will soon become a stimulus to the
development and introduction of high technolo-
gies in many branches of industry, from heavy-
duty engineering to microelectronics, artificial
intelligence and digital simulation. For BF as ex-
ample, these technologies can be applied also for
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the development of resources with hard-to-re-
cover oil in the Domanic sediments in the Volga-
Ural and Timan-Pechora OGB, in the Kuonam
sediments of East Siberia and in the Khadum
sediments in the Caucasus.

However, with all positive results of the intro-
duction of hydraulic fracturing technology for BF,
negative environmental consequences of the devel-
opment of Bazhenov oil enriched with heavy met-
als are to be taken into account. The depth of hy-
draulic fracturing should be not less than 2 km, so
that ground and artesian aquifers could be intact.
In the case of correct hydraulic fracturing, the
thickness of fractures in reservoirs should be less
than 1 cm, so that possible fracture healing would
not cause seismic kicks on the surface. High-quali-
ty cementing around the borehole equipment is
necessary to exclude the breakthrough of techno-
logical fluids to the surface and entering into the
soil and water bodies. In addition, it is necessary to
exclude evaporation of technical fluid, to use it in a
closed cycle, and to inject environmentally safe
substances and chemicals manufactured in Russia.

In connection therewith, account and monitor-
ing of the environmental situation at the oilfields
of the Bazhenov Formation require the knowl-
edge achieved in a broad range of studies on the
evaluation of occurrence conditions, geological and
physical characteristics of sediments, physicochemi-
cal properties of metalliferous oil, which stresses
the importance of the present work, and its re-
sults can be used in the further studies aimed at
the extraction of hard-to-recover resources.
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