








Replenishment of oil deposits from the position of a new concept...
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Fig. 3. The change in time of mineralization of formation water of the crystalline basement: a — well. 29419, b — well 966

variations in the gas-hydrochemical components of the
groundwater in the CB showed their close relationship
with the seismic activity of the territory. Total nitrogen,
hydrogen, methane, and, to a lesser extent, carbon
dioxide and helium, were identified as indicators of this
relationship.

Uneven heat flow. Anomalies in the heat flow
with an intensity of 10 mW/m? or more according to
the data (Lukin et al., 2018) are the criterion for the
modern activation of the deep degassing processes. The
territory of Tatarstan according to N.N. Khristoforova
(Khristoforova et al., 2000, 2008) is characterized by an
uneven heat flow, which varies from 29 to 74 mW/m?

within the Volga region. The thermal field also
characterizes a pronounced heterogeneity. On the roof
of the CB in Tatarstan, temperature differences reach
900 °C (Fig. 4), and at a section of 12 km — 600 °C.
The colossal difference in the temperatures of the deep
thermal field in such a limited space as the territory of
Tatarstan clearly indicates in favor of active heat and
mass transfer at the neotectonic and modern stages
of development of the South Tatar arch and adjacent
territories. The activity of the fluid dynamic processes
of the South Tatar arch is indicated by the greatest
warming of the CB, in comparison with the less warmed
foundation of the Melekess Depression and the cold

Fig. 4. Map of isotherms on the top of the crystalline basement (Khristoforova et al., 2008). Scale 1: 500,000. 1 — temperature
isolines ("C); 2 — location of wells in which temperature measurements were taken in the deep horizons of the sedimentary cover
and basement; 3 — oil pool outlines; 4 — river network; 5 — district border of the Republic of Tatarstan.
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CB of the North Tatar Arch, which practically does not
contain oil deposits.

Modern fluctuations of temperature anomalies.
Another factor indicating active modern heat and mass
transfer are fluctuations and a change in temperature
anomalies in the context of the crystalline basement
(Khristoforova et al., 2000, 2008), recorded in the well
20009-Novoelkhovskaya after seismic events.

Dynamics of the total gas saturation of decompressed
zones of crystalline rocks and gas composition.
Monitoring the composition of gases in the well
20009-Novoelkhovskaya allowed us to establish that
the gas saturation of decompressed CB zones varies
over time (Fig. 5), in particular, periods of increase
in gas indications of individual intervals are noted,
despite cement filling of the wellbore (Plotnikova,
2004). Changes in the gas saturation of the intervals
of the well section over time, including the periodic
increase in gas readings after drilling and cement
pouring in, indicate the presence of freely circulating
gases, including hydrocarbon gases, in decompressed
zones of CB and saturating them with formation water.
The dynamics of gas saturation and gas-hydrochemical
parameters of decompressed zones in the crystalline
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basement testify to the modern geodynamic and fluid
activity of the latter.

The dynamics of gas saturation of oil sedimentary
cover and the composition of the gas dissolved in it.
An analysis of the composition of gas dissolved in oil
made it possible to trace the dynamics of changes in
the concentrations of methane, nitrogen, hydrogen,
and carbon dioxide in oils from piezometric wells
(Plotnikova, 2004) over a time period of more than
10 years. Significant changes observed in modern
development, both in the composition of the gas and in
the content of its components (Fig. 6, 7), indicate the
frequency of activation of the entry of light hydrocarbons
and other gases (CO,, CH,, N, etc.) into the sedimentary
stratum and reservoir However, this does not exclude
the fact that deep degassing occurs throughout the
entire period, but is less active. It is possible that the
introduction of gases is local in nature and is determined
by the time periods of crack opening and the formation
of open transit zones in the thickness of the crystalline
basement and sedimentary cover.

Seismicity of the territory of Tatarstan. Another
factor supporting the activity of modern deep degassing

25
2,25 b

X
2 2
@ 1,79
Q
172}
(]
o
c 15
S 1,32
)
8 1,08
SO
<
<
[s}
z
Q
£ 05
o
IS}

0

29.11.1991 06.12.1991 17.02.1992 05.04.1992

Fig. 5. Variations in the content of hydrocarbon gases in deep samples (OPT) of the mud in the well No. 20009-Novoelkhovskaya:

a — at a depth of 5280 m, b — at a depth of 5300 m
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Fig. 6. An example of variations in the methane content in the dissolved gas oil of the Romashkinskoe field: a — Bobrikovian
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Fig. 7. Dynamics of methane, nitrogen and carbon dioxide content in dissolved gas: a — gas from oil from the Bobrikovian
horizon of the Zelenogorsk area of the Romashkinskoe field; b — gas from the oil of the Pashian horizon of the Kholmovskaya

area of the Romashkinskoe field

processes is the seismicity of the territory of Tatarstan, as
well as the establishment of a stable correlation between
the dates of seismic events and periods of decrease in the
density of oil in piezometric wells and mineralization of
formation water in the CB (Mirzoev et al., 2004).

Neotectonic activity of the Earth’s crust. Another
criterion that indicates the current activity of the deep
degassing processes (Lukin et al., 2008) is the elevation
of the Earth’s surface by 25 meters or more over the past
3 million years. According to (Mingazov et al., 2012,
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2014), neotectonic activation of the Earth’s crust of the
territory of Tatarstan over the past 1.5-2.0 million years
has led to much more amplitude uplifts (Fig. 8). The
uplift rate of the South Tatar arch during the neotectonic
stage according to (Mingazov et al., 2014) reached
1-10 mm/year.

The neotectonic activity of the South Tatar Arch is
evidenced by the sharp differentiation of the relief, where
individual peaks reach elevations of 360-370 m, and
river valleys, crashing into the arrays, drop to elevations
of 150-160 m.

(Mingazov et al., 2014)

Fig. 8. Map of the latest tectonics of the Republic of Tatarstan (Mingazov et al., 2014). Average total amplitudes of the latest
tectonic movements (m); 1 — 400-360; 2 — 360-320; 3 — 320-280; 4 — 280-240; 5 — 240-200,; 6 — 200-160; 7 — 160-120;
8 — 120-80. Isolines of tectonic movements (m): 9 — during the period Pg3-Q; 10 — NI-Q; 11 — N2-Q. Modes of neotectonic
movements: 12 — very active; 13 — active; 14 — weakly active; 15 — inactive.
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In addition, a direct relationship was established
between the activity of neotectogenesis and the oil
potential of the South Tatar Arch (Mingazov et al., 2014).

Geochemical features of oil and bitumen. The
idea of Romashkinskoe and a number of other oil fields
as an open hydrodynamic system characterized by a
multi-stage flow of oil and gas fluids into its reservoirs
is also confirmed by the results of geochemical studies
of oils (Ostroukhov et al., 2014, 2015; Plotnikova et al.,
2013, 2014, 2017).

The presence of supply channels. The totality of the
identified vertical and inclined structural and tectonic
formations, which cut the sedimentary cover, the Earth’s
crust and upper mantle (Trofimov et al., 2002), reflects
the role of degassing pipes in the development of open
fracturing and are one of the main criteria indicating the
possibility of activation of deep degassing processes and
replenishment of hydrocarbon reserves of developed
fields.

Thus, the results of the studies made it possible to
expand the number of previously developed criteria
(Lukin et al., 2018) indicating the activation of the deep
degassing of the Earth. Using these criteria will allow
us to differentiate the developed hydrocarbon deposits
according to the principle of “renewable” or “non-
renewable”, which help localizing zones of hydrocarbon
inflow, estimate the intensity of replenishment of
reserves, and estimate the duration of this field on a
completely different level.

Degassing processes recorded in decompressed
zones of the basement and their periodic activation,
the relationship of the block-fault structure of the
basement of the South Tatar Arch with the phenomenon
of modern hydrocarbon migration at Romashkinskoe
and other fields (Muslimov et al., 2012; Plotnikova,
2004), geochemical studies of oil and bitumen of the
sedimentary cover, which proved that the carbonate rocks
of the Semiluk-Mendymian deposits are not a source of
hydrocarbon inflow into the deposits of the terrigenous
Devonian of the South Tatar arch (Ostroukhov et al.,
2014; Plotnikova et al., 2013, 2014). L.c., these facts
are a powerful scientific and practical basis for the
creation of a concept of oil and gas fields’ formation in
the Volga-Ural anticline, involving multi-stage pulsed
flow of hydrocarbon fluid systems in sedimentary cover
pressure on transit zones of fracturing fields.

According to this concept, the replenishment of oil
reserves is one of the manifestations of “cold” degassing
and can be identified and localized using field geological
and geochemical criteria considered in previous works
(Muslimov et al., 2004, 2019; Plotnikova et al., 2014,
2017), and based on the use of the criteria for the
manifestation and activation of the deep degassing of
the Earth.
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Today, when the relevance of replenishing oil and
gas reserves is increasingly discussed on the pages of
scientific publications, causing well-deserved interest
among specialists of oil companies, comprehensive
research is needed in the field of monitoring the flow
and developing criteria for its registration and the
quantitative-temporal (periodicity, duration) assessment
(Muslimov et al., 2019). The criteria developed earlier
for the deposits of Tatarstan are the basis for these studies
in other regions.

Conclusion

Despite the fact that the existence of oil replenishment
in the developed deposits is justified and proven by many
examples, the study of this process and its consideration
in planning development, estimating residual reserves,
constructing field models and assessing the “life” of
fields has not yet begun, since the replenishment process
itself requires comprehensive detailed research. First
of all, it is necessary to determine the spatio-temporal
patterns of changes in the properties of oil and dissolved
gas, the fluid regime of the reservoir, flow rates, and
pressures. It is necessary to localize the inflow zones,
determine their sizes, modes of fluid activity and its
relationship with modern geodynamic processes and the
development of fracture fields, estimate the volumes of
incoming fluids and determine their composition.

Atthe stage of regional work, search and exploration
of oil and gas fields, the geological exploration complex,
along with traditional research, should include studying
the deep structure of the sedimentary basin, assessing
modern geodynamic activity, as well as obtaining
information about a complex set of heat and mass
transfer processes that are multiphase pulsed and
controlled geodynamic regime (Lukin et al., 2018).

The same work can be carried out at the developed
fields. In addition, they require special comprehensive
geological-field and geochemical studies in the
monitoring mode for a long time to obtain quantitative
parameters of hydrocarbon inflow.

It is advisable to organize monitoring of the
geological and production indicators and geochemical
characteristics of oil and dissolved gas from the first
years of development in the fields, which are just
beginning to be developed, so that already in the early
stages it is possible to localize the inflow zones and select
a competent reservoir stimulation system.

Undoubtedly, these studies are very complex
and go beyond the scope of routine work stipulated
by licensing agreements and development projects.
However, the unique information that will be obtained
in the course of such work will reveal abnormal areas
of deposits where oil production rates and low water
cuts will be stable over time, ensuring high production
at the field.
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The monitoring system should be two-level. The
first level is the analysis of geological and field data
and the identification of potential areas of hydrocarbons
migration into the deposits based on the use of geological
and field criteria of anomaly. The second level is the
geochemical studies of oils and gases dissolved in them
both within wells with signs of anomalies and in adjacent
areas of the reservoir (Plotnikova et al., 2017; Muslimov
et al., 2019).
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