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1.

 

 Owing to its long history, Russian and world oil
and gas production has accumulated a great deal of
diverse information about the specifics of fluid flow
processes during oil and gas field development. Data on
mature fields undergoing the final stage of exploitation
are of significant interest.

Several fields in Azerbaijan that have long been
developed are characterized by high oil recovery fac-
tors [1]. Evidence indicating the presence of deep
hydrocarbon inflows is today being published with
increasing frequency by various authors [2–6].

 

2.

 

 The corresponding publications compelled
authors to draw special attention to the analysis of She-
belinskoe gas-condensate field development indexes
(Ukraine) [6, 7]. First, the amount of gas recovered
from the field long ago exceeded the initial reserves of
430 bln m
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. But the field continues to undergo exploita-
tion (Fig. 1). Second, the field is developed under the
gas drive. This fact simplified the analysis of develop-
ment indexes and increased the certainty of correspond-
ing estimates and conclusions. In particular, it has been
determined that the total amount of additional deep gas
inflow throughout the history of the field’s development
(since 1956) is not less than 80 bln m
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 [7].
In other words, the process of gas reserves compen-

sation is apparent. The analysis reveals a potential for
the endless development of the Shebelinskoe gas-con-
densate field in the case of an annual 2–2.5 bln m
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 gas
recovery, because these production rates are compen-
sated by additional deep gas inflows.

 

3. 

 

The problem of the feasible intensification of
deep hydrocarbon inflows into deposits becomes natu-
ral in this relation. This possibility, as applied to the
Shebelinskoe gas-condensate field, is investigated in

the present paper by means of an equivalent mathemat-
ical model of a “supply channel.”

The supply channel is considered to be a weak zone
in rocks with a permeability value determined from cal-
culations. Taking the tectonic structure of the field [8]
into consideration, the depth of the channel is assumed
to equal 5500 m from the bottom of the productive stra-
tum. The cross section of the channel is represented by
a square, with side lengths varying from 50 to 600 m.
The required value of permeability was determined for
each alternative calculation in order to match the calcu-
lated and actual dynamics of cumulative gas production
for the whole period of Shebelinskoe field develop-
ment.

The problem was solved numerically using a 3D
single-phase formulation. Unsteady gas flow in the
channel is described by a corresponding nonlinear par-
abolic differential equation, with account for gravita-
tion [9]. The assumption of the zero rate of additional
flow before the development of the Shebelinskoe field
served as an initial condition. This admission allowed
us to determine the value of pressure at the lower sur-
face of the supply channel. Further, this value was kept
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Fig. 1. 

 

Reduced average pressure vs. cumulative gas pro-
duction for the Shebelinskoe field.
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constant as a boundary condition corresponding to the
supposition of unlimited resources of gas inflowing to
the field.

The boundary condition at the top surface of the
supply channel is based on the actual dynamics of aver-
age formation pressure in the Shebelinskoe field. This
information is known according to the field data.

The iterative reproduction of the history of the She-
belinskoe field’s development allowed us to determine
an equivalent value of permeability for each version of
the supply channel. In particular, for the square with a
side of 600 m the permeability was found to be equal to
3 millidarcy. This value provided 80 bln m
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 of total gas
inflow.

As an example, Fig. 2 shows the dynamics of the
cumulative amount of supplied gas as a function of the
supply channel cross-section size and, accordingly, dif-
ferent values of the channel permeability. Differences
between the displayed curves over time are explained
by different values of initial gas reserves in the channel.
Due to a decrease over time of the average pressure in
the field, these reserves also begin to participate in the
compensation of its resources.

Supply channels with other sizes of the cross section
were also examined. For example, the equivalent per-
meability value is 227 millidarcy for the 10 

 

×

 

 600 m
cross-section. The channel with the mentioned parame-
ter values also provided 80 bln m
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 of gas cumulative
production at the end of the field development.

 

4. 

 

The created model of the supply channel made it
possible to investigate the possibility of hydrocarbon
inflow intensification for the field examined. The
essence of the approach consists in the “interception”
of the upward gas stream at different depths by using
drilled wells and thus reducing the channel resistance to
the flow of gas.

The following results of calculations are given as an
example to justify the mentioned idea. An intensifying
well is drilled to a depth of 2750 m from the bottom of
the productive stratum, and an interval of about 100 m
in the lower part of the borehole is perforated. The well
bottom-hole pressure in the calculations was set to
10 Mpa, which is dictated by the necessity of overcom-
ing the hydraulic resistance of the borehole and provid-
ing the required characteristics of the field gas gather-
ing facilities. The calculations were performed for the
supply channel 600 

 

×

 

 600 m in size on the assumption
that well exploitation began at the commencement of
the Shebelinskoe field development.

Modeling showed that drawing top parts of the per-
foration interval near the bottom of the productive stra-
tum intensifies gas recovery from the field. Maximum
intensification of the deep gas inflow takes place under
the largest possible offset of the perforation interval
from the bottom of the productive stratum. In this case,
the total volume of gas inflow over 40 years of Shebe-
linskoe field development amounts to 68.1 bln m
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, and
the volume of gas collected from the well amounts to
52.8 bln m
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. Thus, the cumulative volume of collected
deep gas equals 120.9 bln m
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. This means that drilling
the intensifying well makes it possible to increase the
total amount of recovered gas by 40.9 bln m
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.
Similar calculations for the supply channel 10 

 

×

 

 600 m
in size show that, due to the formation of the depression
cone, 21.2 bln m
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 of gas comes from the field to the per-
foration interval. Thus, the volume of gas collected by
the well equals 256.8 bln m

 

3

 

. Hence, the cumulative
volume of produced deep gas amounts to 235.6 bln m
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,
which exceeds the amount of inflow gas collected with-
out drilling the intensifying well by 155.6 bln m
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.
Thus, calculations testify to the feasibility of

increasing the cumulative gas production from the She-
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Fig. 2.

 

 Dynamics of cumulative gas production for different
cross-section sizes of the supply channel.
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Fig. 3.

 

 Effectiveness of drilling the intensifying well with
the 600 
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 600 m channel size. (
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belinskoe field by using intensifying wells. There are
obviously many ways to optimize the technological
parameters and solutions in the problem considered.
Variables to optimize include the depth of intensifying
wells, their completion intervals, total number, and
type.

 

5. 

 

Significant attention during oil and gas field
development is drawn to well testing. The latter makes
it possible to determine the parameter values necessary
for field development planning. This is why the prob-
lem of developing an interpretational theory of mea-
surements in intensifying wells is apparent. The issue
arises due to the specificity of the geometric sizes and
parameters of supply channels, which are noticeably
different from those common to the practice of oil and
gas field development. In particular, varying pressure
along the supply channel is observed. Also, flow of gas
along the channel exists no matter if the well is
exploited or not. In other words, we are addressing a
new type of underground fluid flows.

The process of the well bottom-hole pressure (

 

P

 

w

 

)
buildup was simulated for the two examined types of
supply channels. It is assumed in both cases that the

well is exploited with a constant flow rate until it is shut
at the bottom hole. The pressure buildup curves are
shown in Fig. 4 in semilog coordinates. In the case of
homogeneous oil- or gas-bearing formations, pressure
buildup curves usually represent straight lines. How-
ever, they are characterized by some specific features in
the case of intensifying wells. This fact confirms the
necessity to develop a corresponding interpretation
methodology for well test measurements in supply
channels.

It follows from the previous discussion that the issue
of increasing the resources of oil and gas fields by deep
hydrocarbon inflow intensification is urgent. New theo-
retical and applied problems must be investigated in
this connection. The expediency of such an analysis has
been addressed in the present paper.
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Fig. 4. 

 

Pressure buildup curves in semilog coordinates for
the supply channels with different cross-section sizes.
(
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) 600 
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 600 m.
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