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Abstract

Oil production from low-permeable reservoirs is an urgent and promising issue because of the depleted re-
serves of oil extracted using traditional procedures, both in Russia and abroad. The statistical analysis of porosity
distribution in the sediments of the main oil and gas basins (OGB) of Russia is presented: the Volga-Ural, Timan-
Pechora, North Caucasus and West Siberian. These basins have large reserves of hard-to-recover oil from com-
plex formations with low porosity. Computer maps of the deposits with low-pressure reservoirs are presented. In
the West Siberian basin, 15 deposits of this kind have been identified, 13 deposits in the Timan-Pechora basin,
63 in the North Caucasus, and the largest number of deposits is located in the Volga-Ural basin — 82. The great
role of low-porosity rocks in the oil and gas potential of basins is shown, 80 % of the Russian reserves of low-
porosity sediments are concentrated in the Volga-Ural basin. According to lithological characteristics, low-perme-
able reservoirs mainly belong to carbonate sediments, but the porosity of terrigenous rocks is higher, compared
to carbonate deposits. The presence of reservoirs in various stratigraphic layers has been established, starting
from the Cenozoic and ending with the Paleozoic, but most rocks belong to the Paleozoic age. The distribution of
reservoirs with low porosity is analysed as the depths increase. It is shown that porosity decreases at great depths
(over 5000 m) by a factor of 2—3, while the proportion of low-porosity sediments increases with depth, compared
to medium-pored and highly porous rocks. In the future, at great depths, the role of low-permeable reservoirs as
the sources of hard-to-recover oil will only increase.
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INTRODUCTION traction, processing, and transportation, taking

into account the geological-technical, economic,

In spite of the huge amount of hydrocarbon
reserves all over the world, most of them (80—
90 %) relate to hard-to-recover resources [1, 2].
These resources include the hydrocarbons occur-
ring under complex geological settings, requiring
the application of new methods for survey, ex-
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social and environmental factors [3, 4]. Classifica-
tion of the main kinds of hard-to-recover hydro-
carbon feedstock (oil and gas) and the correspond-
ing inferred resources are presented in Table 1.
According to estimates of experts [1], the world
production forecast suggests that the extraction
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TABLE 1

Classification of hard-to-recover kinds of crude hydrocarbons

Hard-to-recover kinds
of crude hydrocarbons

Classification and predicted resources

Shale gas

Gas (methane) included into the micro-crack space of gas-bearing shales.

Predicted resources — 200 trillion t?

Methane from coal seams
Extra-heavy oil

Bituminous oil

Natural gas present in coal-bearing sediments. Predicted resources — 200 trillion t?
Oil with density above 1.0 g/cm?. Predicted resources — 0.3 trillion t

Oil extracted from bituminous sandstone, composed of a mixture of sand, clay, water,

and petroleum bitumen, with subsequent partial processing into synthetic oil. Predicted

resources — 0.4 trillion t

Oil from low-porous
and low-permeable (dense)
rocks

Shale oil

Oil in low-permeable rocks with mixed lithology. Predicted resources — 0.1 trillion t

Synthetic oil obtained through technological processing of oil shale based on kerogen.

Predicted resources — 0.6 trillion t.

of traditional oil will reach its maximum in the
first half of the XXI century, and then the pro-
duction level will decrease because of depleted
resources. Hard-to-recover resources will become
the main source of oil production and refining.
These trends are depicted also in the Russian sec-
tor of oil production.

At present, Russia is the leading participant of
the world energy market: the petroleum industry
of our country provides a substantial proportion
in the level of oil and petroleum products supply
mainly to the Asia-Pacific region [1, 5]. Produc-
tion volume maintenance is an important condi-
tion for budget replenishment and for the protec-
tion of the geopolitical interests. Replenishment
of the resources and hydrocarbon reserves is pos-
sible by continuing the works in the habitual re-
gions of oil mining in Russia (West and East Sibe-
rian, Timan-Pechora, Volga-Ural, North Cauca-
sus oil and gas bearing basins (OGB), etc.), both in
the thoroughly studied sediments (traditional oil)
and at new non-traditional objects. Among the
new promising directions for oil and gas resource
prospecting and development, where a substan-
tial increase in oil and gas production is possible,
the following items are to be mentioned:

— deeply buried horizons;

— low-porous and low-permeable reservoirs;

— development of oilfields with heavy high-
viscosity oils;

— rehabilitation of oil idle wells, extraction of
residual resources;

— enhancement of oil and gas recovery fac-
tor [1, 6].

The proportion of predicted oil resources from
low-porous sediments (LPS) is about 7—8 % of the
sum of predicted resources of extra-heavy, bi-

tuminous and shale oil (see Table 1). Enormous
reserves of hard-to-recover oil from low-porous
reservoirs are concentrated in Russia. The low-
porous and low-permeable formations include the
rocks of the Bazhenov, Kuonam, Domanic, Ab-
alak and Khadum formations. In Russia, oil and
gas bearing potential has been determined in the
low-porous reservoirs of West and East Siberia,
in the Timan-Pechora and Volga-Ural OGB, and
in Pre-Caucasian basin.

Canada and the USA are currently extracting
oil from low-porous sediments; the amount of oil
extraction from the low-porous sediments in Can-
ada will increase substantially by 2035 to reach
almost 25 miln t, and in the USA 102.3 miln t. Ac-
cording to predictions, an increase in oil extrac-
tion from low-porous sediments will occur also in
China (about 10 mln t), Argentina (about 7.4 min t),
and in Columbia [2, 7].

Large-scale development of LPS is not going
on at present in Russia, which highlights the rel-
evance of hydrocarbon resource replenishing from
low-porous reservoirs. A substantial potential of
oil extraction from low-permeable sediments and
several successful projects are associated with
the Bazhenov Formation of the West Siberian
OGB, which is already under development by
Rosneft, Lukoil, Surgutneftegaz and Gazprom-
neft companies. Russia can become one of the
world leaders (next to the USA and Canada) in
oil production from LPS, bringing the output to
70 mln t by 2030. For this purpose, it is necessary
to provide the governmental support for the de-
velopment of domestic technologies and innova-
tive projects aimed at the extraction of hard-to-
recover oil [1, 2, 6, 8—11].
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The goal of the work was to study the spatial
distribution of oilfields with low-porous reservoirs
over the territories of the main OGB of Russia
(the Volga-Ural, West Siberian, North Caucasian,
and Timan-Pechora), the regularities of rock po-
rosity changes depending on the depth and age,
and physicochemical characteristics of oil.

METHODS AND DATA CHARACTERISATION

To study the distribution of porosity values
in the productive sediments of the main OGB
of Russia, the methods related to the statistical
analysis of data and geoinformation systems have
been applied. The studies were carried out based
on the information from the database (DB) on the
physicochemical characteristics of oil and the
conditions of its mode of occurrence, compiled at
the Institute of Petroleum Chemistry SB RAS
(Tomsk) [12—14]. The DB currently contains the
information on more than 45 600 oil samples from
7247 oilfields of 195 oil. and gas bearing basins
(OGB) on different continents. The objects of in-
vestigation were oilfields with reservoir rock po-
rosity not higher than 5 %, these collectors are
termed as low-porosity. In addition, according to
the classification based on porosity, reservoirs are

TABLE 2
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divided into medium-porous (with porosity from
5 to 15 %) and high-porous (porosity above
15 %) [12, 15].

For the statistical analysis to be carried out
based on the information from the above-indicat-
ed database, the sets of data for the samples with
different rock porosity values were formed: po-
rosity above 15 % — the data array contains 10261
samples from 2173 oilfields of 14 OGB of Russia,
porosity from 5 to 15 % — 5154 samples from
1862 oilfields of 14 OGB, porosity not higher than
5 % — 297 samples from 186 oilfields of 9 OGB in
Russia. The distribution of the number of oilfields
and samples with respect to the porosity of pro-
ductive sediments in different Russian OGB is
presented in Table 2.

The data presented above (see Table 2) pro-
vide evidence that the overwhelming number of
pools are concentrated in the reservoirs with po-
rosity above 15 %. The smallest number of pools
occur in low-porous reservoirs with porosity below
5 %. Low-porous reservoirs are mainly character-
istic of the rocks of the Bazhenov, Domanic, Ab-
alak, and Khadum Formations of the Volga-Ural,
West Siberian, North Caucasian and Timan-Pe-
chora OGB. The largest number of oilfields with
low-porous reservoirs are in the Volga-Ural and

Distribution of the porosity of productive rocks in the oil and gas bearing basins of Russia

Oil and gas bearing basin = Low porosity (less than 5 %)

Medium porosity
(from 5 to 15 %)

High porosity
(more than 15 %)

Number Number Number Number Number Number
of oilfields of samples of oilfields of samples of oilfields of samples

Baltic 2 2 21 31 1 1
Barentseva-Kara - - 1 1 5 15
Volga-Ural 82 132 1072 3277 1045 3757
Dnepr-Pripyat (at the 2 3 12 27 9 13
territory of Russia)

Yenisei-Anabar - - 6 14 18 50
West Siberian 15 22 317 715 609 4179
Lena-Vilyuy - - 8 29 7 60
Lena-Tungus 6 19 38 165 8 21
Okhotsk 1 1 14 30 80 878
Pre-Caspian (territory 2 2 26 42 13 27
of Russia)

Pre-Pacific - - 2 5 2 18
Nosth Caucasian (territory 63 98 162 301 280 812
of Russia)

North Crimean - - 2 7 4 13
Timan-Pechora 13 18 181 510 92 417
Total 186 297 1862 5154 2173 10261

Note. Dash — no data.
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TABLE 3

Distribution of oil reserves over the ranges of productive rock porosity

for main oil and gas bearing basins of Russia

Oil and gas bearing

Proportion of oil reserves in formations with different porosity, %

basin Low porosity (less Medium porosity High porosity (more
than 5 %) (from 5 to 15 %) than 15 %)

Volga-Ural 81.52 56.35 31.63

West Siberian 2.99 36.78 60.25

North Caucasian 1.85 0.29 0.79

(territory of Russia)

Timan-Pechora 2.62 3.48 4.87

North Caucasian OGB (the overall proportion of
these oilfields is more than 78 %), while the per-
centage of West Siberian and Timan-Pechora OGB
is 8 and 7 %, respectively.

The distribution of oil resources over the res-
ervoirs with different porosity at the main OGB
of Russia is shown in Table 3.

The largest resources in LPS are concentrated
in the Volga-Ural OGB: unique oilfields are the
Taymuzinskoye, Tsvetaevskoye, Malyshevskoye,
large oilfields include the Burunovskoye, Ishimbay-
skoye, Shkapovskoye, Serafimovskoye in Bashkor-
tostan and Arkhangelskoye in Tatarstan. In the
West Siberian OGB, the unique oilfield is the Sa-
lymskoye (KhMAT), and in the North Caucasian
OGB the large oilfields are the Nalgobek-Gorskoye
(the Chechen Republic) and Sarmatskoye (the shelf
of the Caspian Sea).

RESULTS AND DISCUSSION

Spatial distribution of oilfields
in low-porosity sediments

The maps of oilfields in low-porous reservoirs at
the territories of the main OGB of Russia, namely
the Volga-Ural, West Siberian, North Caucasian,
and Timan-Pechora OGB, are presented in Fig. 1.

The oilfields with LPS occur almost every-
where at the territory of the Volga-Urakl OGB
(see Fig. 1, a), but most of them are at the eastern
(45 oilfields in Bashkortostan, 5 in the Orenburg
Region, and 2 in the Sverdlovsk Region) and
southern boundaries of the basin (15 in the Sara-
tov Region and 3 in the Volgograd Region). Seven
oilfields are located in the central part of the
basin in Tatarstan. In the West Siberian OGB (see
Fig. 1, b) 15 oilfields with LPS are indicated: most
of them (8 oilfields in the Tomsk Region and
1 oilfield in the Novosibirsk Region) are concen-
trated in the south-eastern part of the basin, 3 —
in KhMAT (the Salymskoye, Pravdinskoye and

Verkhne-Shapshinskoye), and 3 — in the northern
part of OGB in YaNAT (the Vostochno-Yarayner-
skoye, Yuzhno-Pyreynoye, and Yuzhno-Pyamali-
yakhskoye). Most of the oilfields in the North
Caucasian OGB *see Fig. 1, c¢) are in the Chechen
Republic, in the southern part of the basin (25
oilfields). In the central part, in the Stavropol
Territory and in the Republic of Dagestan, there
are 19 and 10 oilfields, respectively. The northern
oilfield (the Tengutinskoye) is in Kalmykia, the
most western (Beysugskoye) is in the Krasnodar
Territory. Most oilfields with LPS in the Timan-
Pechora OGB (see Fig. 1, d) are concentrated at
the Arctic territories of the Nenets Autonomous
Territory, there are 4 oilfields in the Republic of
Komi (the Vozeyskoye, Kozhimskoye, Kuryin-
skoye and Sredne-Makarikhinskoye).

Analysis of the lithological features
of low-porous reservoirs

As regards lithology, low-porous reservoirs
are distinguished by the high extent of inhomo-
geneity and complex structure [15]. The distribu-
tion of terrigenous and carbonate rocks in low-
porous reservoirs of OGB with the indication of
average porosity values for each type of reser-
voirs is presented in Table 4. It is shown that the
formations with low porosity are mainly com-
posed of carbonate sediments — from 80 (in the
West Siberian OGB) to 88.9 % (in the Timan-Pe-
chora OGB). Terrigenous rocks are represented
mainly by sandstone, sand, accounting for 11.1 (in
the Timan-Pechora OGB) to 20 % (in eth West
Siberian OGB). A distinguishing feature of car-
bonate reservoirs is a great diversity of rock
types, their frequent interbedding and inter-
changeability. Speaking of chemical properties,
carbonate rocks are more active, which leads to
variability of the reservoir characteristics and is
depicted in the physicochemical characteristics of
oil, while terrigenous reservoirs are more uni-
form and stable.
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Fig. 1. (continued). Maps of the oilfields with low-porous reservoirs in the Volga-Ural (a), West Siberian (b), North Caucasian (c)

and Timan-Pechora (d) oil and gas bearing basins.

Productive terrigenous rocks of low-porous
reservoirs are characterised by higher porosity
than carbonate ones (see Table 4). The average
porosity for terrigenous reservoirs varies from
1.74 (the North Caucasian OGB) to 4.10 % (the
Timan-Pechora OGB), and for carbonate reser-
voirs — from 1.71 (the North Caucasian OGB) to
3.35 % (the West Siberian OGB). It should be

noted that the rocks with the lowest porosity are
those in the North Caucasian OGB, both terrige-
nous and carbonate.

Stratigraphic distribution of the rocks
of low-porous reservoirs

The association of low-porous reservoirs of
OGB under consideration with the sediments of
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TABLE 4

Distribution of terrigenous and carbonate rocks in different types of low-porous reservoirs,
with the indication of average porosity for each oil and gas bearing basin (OGB)

Type Volga-Ural OGB West Siberian OGB North Caucasian OGB Timan-Pechora OGB

of low-porous (Russia)

reservoir Number Porosity, % Number Porosity, % Number Porosity, % Number Porosity, %
of pools of pools of pools of pools
(fraction, %) (fraction, %) (fraction, %) (fraction, %)

Terrigenous 13 (11.3) 2.75 3 (20) 3.67 11 (11.5) 1.74 2 (11.1) 4.10

Carbonate 102 (88.7) 2.72 12 (80) 3.35 85 (88.5) 1.71 16 (88.9) 2.66

TABLE 5 porous reservoirs are most frequently associated

Distribution of the sediments of low-porous reservoirs
in the stratigraphic units, with the indication
of average rock porosity

Age Number
of pools

Porosity, %

Volga-Ural basin

Paleozoic — Lower Permian 7 459
Paleozoic — Middle Carboniferous 12 2.86
Paleozoic — Lower Carboniferous 10 3.61
Paleozoic — Upper Devonian 7 3.63
West Siberian basin
Mesozoic — Upper Jurassic 3 3.98
Mesozoic — Middle Jurassic 1 1.00
Paleozoic 7 3.26
North Caucasian (Russia)
Cenozoic — Oligocene 1 2.00
Mesozoic — Upper Cretaceous 8 2.40
Mesozoic — Lower Cretaceous 11 1.76
Mesozoic — Upper Jurassic 4 0.93
Mesozoic — Triassic 3 4.33
Paleozoic — Lower Permian 1 0.40

different ages has been analysed. It is shown in
Table 5 that low-porous reservoirs occur in the
Volga-Ural OGB in the Paleozoic, specifically
Lower Permian — Upper Devonian formations,
and porosity changes from 2.86 to 3.63 %. In the
West Siberian OGB, the Paleozoic sediments con-
stituted most of DB records, porosity varies with-
in the range of 1.00—3.98 %. In the North Cauca-
sian OGB, the least number of DB records relate
to the Oligocene and Lower Permian series, and
most of the pools occur in the Mesozoic sediments,
from the Upper Cretaceous to Upper Jurassic se-
ries. There is no information in DB concerning
the age of low-porous reservoirs of the Timan-
Pechora OGB. The authors of [15] state that the
rocks in this basin are associated with the Upper
Devonian and Lower Silurian series of the Paleo-
zoic. It should be noted that in general the low-

with the Paleozoic formations (more than 55 % of
the total number of pools).

It has been determined that, on average, rock
porosity decreases within increase in the rock
age: in the Volga-Ural OGB — from 4.59 to 3.63 %,
in the West Siberian OGB — from 3.98 to 3.26 %,
in the North Caucasian OGB — from 2.4 to 0.4 %
(see Table 5). Therefore, with an increase in rock
age, the filtration-capacity characteristics of res-
ervoirs worsen and bring complications into the
conditions of LPS development.

Distribution of low-porous reservoirs
over their occurrence depth

Low-porous reservoirs are rather widely dis-
tributed over occurrence depth (Table 6) — from
small depth to 6000 m, which is especially clearly
seen for the North Caucasian and Timan-Pechora
OGB. In the North Caucasian basin, LPS occupy
the range from 5000 to 6000 m in the following
oilfields: Andreevskoye, Severo-Dzhalkinskoye and
Novolakskoye; in the Timan-Pechora basin, the
oilfields distinguished by deep-seated pools are
the Srednemakarikhinskoye, im. R. Trebsa, and
Perevoznoye. In the Volga-Ural OGB, low-porous
reservoirs mainly occur at medium depth — from
2000 to 4000 m (see Table 6), the deepest reser-
voirs are located in the Beloglinskoye, Berkutovs-
koye, and Tavakanovskoye oilfields. In the West
Siberian OGB, low-porous reservoirs are dis-
tributed over depth similarly to the Volga-Ural
basin — from 2000 to 4000 m (see Table 6), the
deepest ones are in the oilfields: the Yuzhno-
Pyamaliyakhskoye, Yuzhno-Pyreynoye, and Nizh-
netabaganskoye.

On the basis of the data shown in Table 6, the
fraction of low-porous reservoirs was determined
to increase with an increase in depth. Thus, for all
Russian basins, the fraction of low-porous reser-
voirs at a depth down to 6000 m was 65 % on
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Porosity Number of pools

Depth of occurrence, m

0—1000 1000—2000  2000—3000 3000—4000 4000—5000 5000—6000

0Oil and gas bearing basins of Russia
Low (less than 5 %) 37 74 77 48 27 13
Medium (from 5 to 15 %) 590 1857 1306 769 143 7
High (more than 15 %) 1192 4230 3534 450 7 -
Proportion of low-porous reservoirs, % 2.03 1.20 1.57 3.79 16.17 65.00

Volga-Ural basin
Low (less than 5 %) 31 61 17 6 - -
Medium (from 5 to 15 %) 492 1570 549 198 78 1
High (more than 15 %) 442 2291 507 54 - -
Proportion of low-porous reservoirs, % 3.21 1.56 1.58 2.30 - -
West Siberian basin
Low (less than 5 %) - - 19 3 - -
Medium (from 5 to 15 %) 2 13 440 218 - -
High (more than 15 %) 96 1085 2572 137 - -
Proportion of low-porous reservoirs, % — - 0.63 0.84 - -
North Caucasian basin (Russia)
Low (less than 5 %) 1 2 26 29 23 13
Medium (from 5 to 15 %) 46 34 38 127 35 5
High (more than 15 %) 235 175 167 202 6 -
Proportion of low-porous reservoirs, % 0.35 1.80 11.25 8.10 35.94 72.22
Timan-Pechora basin
Low (below 5 %) 1 3 1 10 3 -
Medium (from 5 to 15 %) 31 98 133 186 25 -
High (more than 15 %) 110 200 49 5 - -
Proportion of low-porous reservoirs, % 0.70 0.99 0.55 4.80 10.71 -
Note. Dash — no data.

TABLE 7
Porosity of the rocks of low-porous reservoirs at different occurrence depth
Oil and gas bearing basin Porosity, %

Depth of occurrence, m

0—1000 1000—2000  2000—3000 3000—4000 4000—5000 5000—6000
Oil and gas bearing basins of Russia 3.04 3.51 2.63 2.24 0.89 0.62
Volga-Ural basin 3.10 3.47 2.04 3.33 - -
West Siberian basin - - 3.53 3.75 - -
North Caucasian basin (Russia) 2.00 4.50 2.00 1.76 1.23 0.68
Timan-Pechora basin 4.50 423 0.50 2.33 1.85 -

Note. Dash — no data.

average. For the sediments in the basins under
consideration, this trend is generally retained,
which is especially clearly pronounced for the
sediments of the North Caucasian OGB — the
proportion of low-porous reservoirs increased
with an increase in depth, from 0.35 % at a small
depth to 72 % at a depth more than 5000 m (see
Table 6). It may be concluded unambiguously
that low-porous reservoirs occur at a great depth.

This consideration marks once more the impor-
tance of their investigation.

The changes in the porosity of low-porous
sediments with an increase in the depth of occur-
rence were calculated (Table 7). Almost for all
basins (except the Volga-Ural basin), a trend was
revealed: a decrease in porosity with an increase
in depth. For instance, for the oil and gas bearing
territories of Russia, porosity of the sediments at
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a greater depth than 5000 m is less than 1 % on
average, while at a small depth (down to 1000 m)
it is 2 to 4 %. Porosity decreases by a factor of
2—3, which should be taken into account in the
prediction of low-porous reservoirs.

CONCLUSION

At present, an essential position in solving the
problems of oil and gas complex is occupied by
replenishment of hydrocarbon resources and pro-
vision of the high-level output. Among the prom-
ising directions for the search and development
of oil and gas resources, where a substantial in-
crease in the reserves is possible, is the develop-
ment of sediments with low porosity. The per-
centage of predicted oil reserves from low-porous
sediments is about 7—8 % either in the world or in
Russia. The information presented herein relates
to the regions that are most significant for Rus-
sia, with the accumulations of hard-to-recover oil
from low-porous reservoirs, which will occupy
one of the leading positions in the hydrocarbon
feedstock basis in the future. The computer maps
of oilfields with low-porous reservoirs at the ter-
ritories of the major Russian oil and gas bearing
basins are presented: the Volga-Ural basin (82 oil-
fields), West Siberian (15 oilfields), North Cauca-
sian (63 oilfields) and Timan-Pechora (13 oilfields).
Only a few oilfields have been discovered by pre-
sent in the West Siberian and Timan-Pechora ba-
sins in low-porous reservoirs, while the major re-
serves of oil from low-porous reservoirs are con-
centrated in the Volga-Ural basin.

Statistical analysis of low-porous reservoirs
with different lithological characteristics has been
carried out. It is shown that the formations with
low porosity are composed mainly (by 80—85 %)
of carbonate sediments. The data on the distribu-
tion of the number of low-porous pools in differ-
ent stratigraphic units of the basins are presented.
Low-porous rocks have been determined to be
associated mostly with the Paleozoic sediments
(more than 55 % of the total amount of pools).

The distribution of low-porous reservoirs over
depth has been analysed. It is shown that poros-
ity decreases at great depths (more than 5000 m)
by a factor of 2—3, while the proportion of LPS in
comparison with medium- and high-porous rocks
increases with depth. In the perspective, the role
of low-porous reservoirs as the sources of hard-
to-recover oil at a great depth will be only in-
creasing.

In the USA and Canada, a number of oil and
gas fields with substantial reserves have been
discovered in the low-porous reservoirs. Russia,
with its enormous hydrocarbon reserves in LPS,
is not currently carrying out their large-scale de-
velopment, but Russia can become one of the
world leaders in oil extraction from low-porous
reservoirs.
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