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Abstract
The paper presents the experience of oil and gas exploration in the fields of the Irkutsk region. The
geological features of the studied facilities dictate a practical approach and the use of compact and efficient
technological solutions that can later be successfully applied to a large number of fields with similar geology.
The paper highlighted an optimized complex of works on the development and testing of wells target objects
in a cased wellbore, using the technology of “the well shut-off at the bottomhole”.

This arrangement ensures the effective implementation of work on the development of target objects and
allows for high-quality registration of the bottomhole pressure dynamics. This engineering solution allows
to perform a full cycle of hydrodynamical studies of well (well test) for a target interval in a relatively short
time. The use of a tube bank significantly reduces the wellbore storage eand allows to obtain detailed data
reliably characterizing reservoir properties and the structure of the reservoir under study.

The article describes the technology of hydrodynamic studies, with the well shut-off at the bottomhole.
The article deals with the research problems of highly productive, flowing facilities, with a concrete
example and a detailed analysis of technological features, interpretation options, possible complications
and measures for optimization. The possibility of replicating technology in various geological and technical
conditions is considered.

Introduction
Research of well test is an integral part of industrial exploration of oil and gas fields. The goal of this
exploration is to obtain as complete information as possible about the structure and properties of reservoirs.
It is necessary for calculating reserves and drawing up a development project, i.e. identifying the overall
pattern of heterogeneity of the whole reservoir.

At the same time, the interpretation of the well test results, especially in complex carbonate reservoirs
with hard-to-recover reserves, has certain difficulties.

The main reason for complicating the interpretation of pressure recovery curves (PRC) is the distortion
of the radial filtration flow (IARF), which characterizes the true reservoir response.
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The reasons that complicate the identification of the radial filtration mode can be different:

• influence of constant pressure limits;

• reservoir heterogeneity;

• processes occurring in the wellbore (fluid reallocation),

• fluid influx, after stopping welldore storage

Geological features of the Well test targets

Search tag for oil and gas exploration - the crystalline basement high
Currently (2011-2019), a promising direction for geological exploration in the license areas of the Irkutsk
Region is the location and drilling of wells in the “paleo-high / remnants” circuit of the crystalline basement.
The zones of secondary transformation / leaching of carbonate sediments of the Lower Cambrian age, mainly
represented by dolomites, are confined to this.

The general geological concept of the productive zones extent implies lateral localization of a reservoir
with relatively small effective volumes (Figure 1).

Figure 1—Structural map of the crystalline basement roof.

The above approach is confirmed by the results of hydrodynamic studies of testing and exploration wells,
as well as by more lengthy studies during the trial operation of oil and gas condensate deposits.

The geometrization of reservoirs according to well test data is consistent with seismic data, for which
the area of productive zones may be less than 1 km2.

According to the results of geophysical studies of wells and laboratory studies of the core sample, the
reservoir is characterized as a cavernous-pore, with a complex structure of voids.

Relatively high phase, weighted average permeability of the reservoir (in the range from 0.1 to 2 Darcy,
with oil saturated thickness of 15-20 m, dynamic oil viscosity – 1.5 – 3 MPa * s), mainly related to the
intervals of intensive leaching / cavern formation (Figure №2).
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Figure 2—Photographs of a carbonate reservoir core from a well drilled over a basement high in daylight and ultraviolet light.

Currently, there is no single, detailed solution to the problem of the hydrodynamic mechanism of mass
transfer and filtration in a cavernous-pore reservoir and the principle of its vertical range. However, it is
clear that it is necessary to focus attention in the direction of research on the effects of double voidness.

Search tag for oil and gas exploration - reefal buildup.
According to the regional geological concept, in the northern part of the Irkutsk region (the western slope
of the Nepsko-Botuobinsky anteclise), a massive reef barrier is distinguished.

At the current time, wells have been drilled and explored, revealing reef structures. These geological
bodies have high effective capasity (30-50 m) and permeability (from 0.1 to 3 Darcy), however, they are
localized laterally (Figure 3).

Figure 3—Geological section along the line of wells drilled on reefal buildup.

According to the results of testing prospecting and exploration wells, the minimum equivalent radius of
the well drainage (to the reservoir boundary) was about 350 meters.

According to the data of geological objects of the reefal type, the type of reservoir has a complex void
space and is classified as fracture-cavernous.

Complicating factors during well test
An important geological task of drilling prospecting and exploration wells, along with geophysical studies,
sampling of core material, sludge, is a qualitative, informative hydrodynamic study of reservoir systems.
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However, at the stage of exploration, in conditions of limited testing time, as well as insufficient technical
equipment, it is difficult, and in some cases it is impossible to obtain qualitative data.

To compile statistics of well test informativeness, the authors considered oil facilities with flowing wells.
According to the results of the analysis of hydrodynamic studies of oil facilities in the licensed areas of

the Irkutsk region, there are two main complicating factors:

1. Influence of geological localization of the studied reservoirs;
2. Showing of segregation processes in the wellbore.

Research of the oil facility in unsteady filtration modes (PRC), characterized by a substantially-localized
reservoir volume, in conditions of high piezoconductivity of the reservoir and a long period of the wellbore
storage leads to leveling of the radial filtration mode by the influence of the reservoir boundaries. Also, with
showing of segregation processes (fluid reallocation processes), during early and middle well test period,
the true response of the reservoir system may be hidden.

When the above factors appear during hydrodynamic study process, there can be uncertainty in assessing
such key parameters as:

• Lateral permeability;

• Initial reservoir pressure;

• Parameters of "double void".

Without identification of such key parameters at the stage of oil and gas exploration, the question of the
success / informativeness of the research as a whole is raised (Figure 4).

Figure 4—An example of the complicating factors of localization and fluid reallocation in the
wellbore, during hydrodynamic studies on unsteady filtering modes (log-log coordinates).

Methods to minimize negative factors
The scheme below (Figure 5) presents the matrix of the approach to regulating and minimizing complicating
factors.
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Figure 5—The matrix approach to the regulation and minimization of
complicating factors in hydrodynamic study on unsteady filtering modes.

Based on the presented scheme, it can be seen that, while studying reservoirs by the method of recording
PRC / PSC, identification of signs of the radial mode is the target task, since the determination of such
key parameters as permeability, reservoir pressure and skin-factor depends on the reliability of diagnosing
this flow pattern. In addition, it should be noted that the piezoconductivity of the studing system directly
depends on the quality of the permeability assessment, on which, in turn, the geometrization of the reservoir
will depend.

The lack of identification of key parameters at the stage of geological exploration raises a serious question
about the success of the research as a whole. It significantly reduces the possibilities of hydrodynamic
modeling.

Based on the presented matrix, it follows that the only parameter that can be influenced during
hydrodynamic study and which can significantly increase the information content of the research is the
period of influence of wellbore storage.

The authors emphasize that the traditional approach to the research time increment is not effective, not
only from an economic point of view, but also from a geological one. This circumstance, as mentioned
above, is associated with the target facilities feature. During the research, under conditions of high
piezoconductivity of a reservoir and a long period of wellbore storage, the radial mode is leveled by the
influence of reservoir boundaries.

The issue of the influence of wellbore "parasitic" capacity has received much attention from the
very beginning of the creation of well test methods interpretation. The first works that were devoted to
hydrodynamic studies of wells (van Everdingen, A.F., Hurst, W., 1949) showed that the time to reach the
radial flow regime directly depends on the value of the wellbore capacity.

In 1958, Stegemeier and Matthews (Stegemeier, G.L., Matthews, C.S., 1958) for the first time ever
proposed the concept of fluid phases reallocation in the wellbore. They proved that these phenomena occur
in wells that are closed at the mouth. They also noted that this effect is caused by the simultaneous filtration
of gas and liquid in the wellbore. It should be said that Matthews and Russell (Matthews, C.S., Russell,
D.G., 1967) considered the phases reallocation in the wellbore as a noticeable and unusual behavior of
bottomhole pressure, but they did not write about the physicochemical mechanism of this effect and did not
offer any interpretation technique.

In the future, this idea was developed in the works of Fair and Hageman. In 1981, Fair (Fair Jr., W.B.,
1981) proposed a model that can be solved in the Laplace space and which takes into account phase
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reallocation in the wellbore. Later, in 1991, Hageman (Hegeman, P.S., Hallford, D.L., Joseph, J.A., 1991)
in his work modified the Fair's analytical solution.

The influence of the “afterflow” and segregation processes in the wellbore on the reliability of the
information obtained during hydrodynamic studies was considered by many authors in Russian literature.
Of particular interest is the work of Buzinov and Umrikhin (Buzinov, S.N., Umrikhin I.D., 1984). Buzinov
and Umrikhin also noted that the bias of the initial plots due to the “after flow” leads to the fact that the
initial plots that carry information about the bottomhole zone are defective (Arbatskii T.S., Shchurenko
A.A. 2018).

During hydrodynamic studies on unsteady filtration modes, the well is closed at the mouth in most cases.
Thus, the wellbore always divides the bottomhole and the mouth with the volume V, it causes the pressure
change to lag over the time between the bottomhole and the mouth. After the well shut-off at the mouth, the
bottomhole pressure changes (growth) with time and the reservoir fluid continues to flow into the wellbore
due to the hole capacity and compression of the gas-liquid mixture in the wellbore (increase in density). At
the same time, as the pressure in the wellbore increases, the intensity of this effect decreases. This effect is
called a wellbore storage. The storage effect is shown schematically in the figure below (Figure 6).

Figure 6—The storage effect in the study of the flowing wells on the technology: PRC-PSC.

This effect depends on the wellbore capacity, the changing level of fluid in the wellbore, the
compressibility of the fluid and is expressed through the formula:

where ΔV is the change of the fluid volume reduced to the temperature and pressure conditions in the
wellbore at the beginning of the flow, ΔP is the change of pressure in the well, after stopping during time t.

The ratio for estimating the afterflow coefficient, due to the fluid compressibility, can be obtained from
the following considerations. From the formula for calculating the compressibility coefficient of the filling
fluid, with the initial volume V:
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Accordingly, fluid compression or volume reduction obeys the following equation:

Where βf is the fluid compressibility in the wellbore, V is the initial volume, dP is the pressure change.
Based on the foregoing, it follows that the main parameters determining the magnitude and duration of

the wellbore storage are the volume of the wellbore V and the compressibility of the reservoir fluid. This
fact suggests that the only methods of influence on the duration of the wellbore storage period, and on
improving the quality of research, are:

1. Adjustment of the operation mode prior to well test– the effect on the parameter of fluid
compressibility, i.e. change of thermobaric conditions in the wellbore, after closing. This chsnge
allows reducing the effect of the gas phase on the overall the fluid compressibility.

2. The use of technology research, with the killing of the well at the bottom - cut off “parasitic volumes”
by closing the well at the bottom.

Note that the regulation of the operation mode before the well stops only slightly reduces the
wellbore storage. The technology of well shut-off at the bottomhole will allow improving the quality and
informativeness of hydrodynamic research.

As mentioned above, in the presented work a large data array was analyzed. For the compilation of a
statistical database and subsequent analysis, oil facilities with flowing wells were considered. Facilities with
gas saturation were not considered, due to technological risks. And there is an alternative of using jet pump
installations for hydrodynamic study of non-flowing facilities.

The total sample and the number of studies is 20 hydrodynamic studies from 14 wells.
According to the results of the analysis, it can be concluded that 30% of studies of oil facilities are

unsuccessful and uninformative (the 2nd group), due to the influence of complicating geological factors
(Figure 7). We name the "factor of reservoir localization"as a predominant one.

Figure 7—General statistics of research informativeness, ranking by selected complicating factors.

The main candidate facilities that are under this factor of influence are high-productive reservoirs. There
boundaries are identified immediately after the afterflow period (wellbore storage), during hydrodynamic
studies.
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Based on Ramey’s empirical regularity (rule of thumb), it is necessary for correct diagnosis of the radial
flow mode that the interval [twbs end; tIARF end] is at least 0.5-1 logarithmic cycle. Graphically, the Ramey’s rule
can be represented by plotting the bottom hole pressure change in log-log coordinates (Figure 8).

Figure 8—Diagram of a quality well test

According to the authors' experience, for correct diagnosis of the radial flow mode, it is necessary that
the interval [twbs end; tIARF end] is not less than 0.25 logarithmic cycle.

The analysis shows that the duration of the dominance of the radial filtration mode is less than 0.25 log-
cycle. It does not march the basic standards for the reliability of reservoir properties assessment for the
studied facilities. At the same time, the minimum coefficient of Cs wellbore storage, determined by the
combined analytical models of PRC, is 0.408 m3 / MPa (maximum 2.48 m3 / MPa) (Figure 9).

Figure 9—The duration of the wellbore storage period and the Cs value of the 2nd group of wells

The above criterion in the study, with the influence of such a complicating factor as segregation, can
lead to a false identification of the “plateau of IARF”, which is actually an artifact and a non-reflective true
response of the reservoir hydrodynamic system.

In the figure (Figure 10), the authors give an example of a research where the incorrect detection of the
radial mode on the Bourdet derivative graph leads to an underestimation of permeability by more than 60%
(260 mD vs. 700 mD).
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Figure 10—An example of false identification of radial filtration mode

Accordingly, the possibility of obtaining the reservoir properties in the address well conditions can be
determined from the following inequality:

Where tIARF is the duration of the radial filtration mode, tIARF end is the end of the radial filtration mode,
twbs end is the end of the afterflow period dominance.

Thus, it becomes obvious to apply the technology of well bottomhole closure, which will allow for reliable
identification of the radial filtration mode at early research periods, which is hidden by the wellbore storage
without this technology.

Considered technological solution
The authors propose a solution aimed at reducing the "working capasity" of the well to minimize the risks
of hydrodynamic study. Because there is the influence of complicating factors of lateral localization of the
studied facility.

When considering the study of highly productive, oil, flowing facilities, the standard set of the downhole
and wellhead equipment implies large “wellbore working capasity”. By working capasity it is meant the
shank bore of the production casing from the top of the test interval to the mouth.

If we take into account that the depth of the target facilities of the hydrodynamic study is about 1,500–
1,600 m, the “working capasity” of the wellbore is 25-26 m3, without a liner string 28-29 m3, if the liner string
is lowered. In this case there will be a complicating “afterflow” factor, leveling the true pressure response
of the reservoir system, during hydrodynamic studies on steady-state and unsteady filtration modes, with
regulation on the mouth.

Currently, many Russian oil companies are widely practicing the technology of the well closure at the
bottomhole, when testing formations with jet pump installations. However, this technology is applicable for
non-flowing facilities and has a number of technical limitations.

The authors propose a closure at the bottomhole, which is in many respects similar to the layout of the
jet pump, however the pipe packer is the key distinguishing element (Figure 11).
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Figure 11—Schematic layout of the hydrodynamic research downhole
equipment, involving the closure of the well at the bottom (casing packer).

In this case, external packers (or analogs) cut off the annular space of the casing column, and the casing
packer uncouples the cavity of the oilwell tubing elevator. The elevator goes down the well on the armored
geophysical cable. The main parameters / dimensions of the considered complex module of the casing
packer are presented in the table below (Table 1).

Table 1—Basic characteristics of the complex module

A reduction in the “wellbore working capasity” is achieved by more than 70% during wells testing that
provide the above layout of well equipment (Figure 12).
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Figure 12—Comparison of the “wellbore working capasity” with the standard and proposed equipment layout.

According to the results of testing this technology in 2018, it should be noted the disadvantage associated
with the difficulty of transporting the module of the casing packer to the target depth during the flow of
a well (Figure 13).

Figure 13—Operational algorithm of setting the casing packer layout before stopping the well for the PRC registration.

The difficulty lies in the fact that during the setting of the casing packer module on the geophysical
cable (its outer diameter is 54 mm with a mass of 60.5 kg (deactivated state), the upward flow of the gas-
liquid mixture “pushes out” the casing packer module in the oilwell tubing with an inner diameter of 62
mm (Figure 14).

Figure 14—Section of the oilwell tubing and casing packer.
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The reason for the complications of transporting the casing packer module is the small annular gap (4
mm) between the module case and the inner walls of the oilwell tubing. Taking into account the above facts,
before the launching and activation of the module, it is necessary to choose the well operation mode with
minimal flow rates. It will reduce frictional pressure loss.

Replication of Technology, in Order to Improve the Quality and
Informativeness of Geological Research
In the study of geological objects considered by the authors, which are characterized by lateral localization
of the reservoir, some useful information, and often the basic hydrodynamic parameters can be estimated not
reliably. Due to the dominance of fluid reallocation processes in the wellbore and a long afterflow period,
the standard layout of the downhole pumping equipment of the studied well requires technical optimization
aimed at reducing working capasity, so that it will be possible to minimize the bore hole effect.

As an example, the authors present a possible scenario of hydrodynamic studies with the variability of
the wellbore storage coefficient, which shows the possible underestimation of the hydrodynamic reservoir
parameters in a research with a standard layout.

The figure above (Figure 15) shows cases of research with underestimation of such key parameters as
permeability and identification of double voidness, characteristics of these geological objects.

Figure 15—Scenario of hydrodynamic studies with the variability of the wellbore
storage coefficient, reflecting the underestimation of the reservoir parameters.

For the compilation of research designs with the closure of a well at the bottomhole, the main parameter
affecting the overall quality and duration of the study is the wellbore storage coefficient.

General analysis shows that the duration of the dominance of the radial filtration mode is less than 0.25
log-cycle. It does not match the basic standards for the reliability of the reservoir properties (the rule of
thumb is at least 0.5). The minimum wellbore storage coefficient, determined by the combined analytical
PRC models, is 0.408 m3 / MPa (maximum 2.48).

With the test use of the well shut-off technology at the bottom in 2018, the wellbore storage coefficient
was 0.125 m3 / MPa, which is significantly lower than with the hydrodynamic study with a standard layout
(Figure 16)
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Figure 16—Comparison of Bourdet derivative diagnostic graphs PRC-1 (with packer) and PRC-2 (without packer)

Based on the actual study graphs, reducing the working capasity of the well by 73% (from 27.09 to 7.23
m3) helps to reduce the non-informative study period - “afterflow” whitch levels the true reservoir response.

In order to evaluate the real efficiency in the complicated conditions of the geological objects research,
the authors give an example of the localized reservoir research, with the translation of the wellbore storage
coefficient determined according to experimental data in 2018 (Figure 17).

Figure 17—Test-design of hydrodynamic studies to compare the
standard technology and the technology of well shut-off at the bottom.

In the study of localized reservoirs with high piezoconductivity, it is sometimes not possible to estimate
the lateral permeability of the reservoir, since all diagnostic signs are hidden by the influence of boundaries.
The proposed studing technology will allow the reliable identification of the radial filtration mode (it is
usually hidden by the wellbore storage) at early stages of the study.

Conclusion
The technology, including: technical and technological aspects of the proposed method, was analyzed.
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The layout of the submersible equipment, adaptive for different geological and technical work conditions;
simulation of research scenarios, implying the reservoir properties of the studied reservoir, was carried out.

The substantiation of the effectiveness of the technology is given. This technology allows to increase
the information content under the conditions of complicating factors: long-term dominance of the wellbore
storage period; the influence of the boundary effects of lithological or tectonic localization of the studied
geological bodies.

According to the results of hydrodynamic studies analysis of oil facilities in the study area, there are two
main complicating factors:

1. Influence of geological localization of the studied reservoirs;
2. Showing of segregation processes (fluid reallocation processes) in the wellbore.

With showing of the above factors in the process of hydrodynamic study, there is uncertainty in the
assessment of such key parameters as:

• lateral permeability;

• nitial reservoir pressure;

• double void rating.

Based on the results of the analysis, it can be concluded that 30% of studies of oil facilities are
unsuccessful / uninformative, due to the influence of complicating geological factors.

To increase the information content and reduce the total research time, it is recommended to consider the
hydrodynamic study technology with well shut-off at the bottomhole.

The research technology with well shut-off at the bottom will allow reliable identification of the radial
filtration mode in the early research periods, which, without the use of this technology, is hidden by the
bore hole effect.

There are geological features of the studied reservoir in Eastern Siberia, in particular, the fields of the
Irkutsk region, which are characterized by lateral localization (reefal type areas, local productive zones
above the crystalline basement high). The use of special technological complexes will make it possible to
increase the information content and quality of hydrodynamic studies at the stage of geological exploration
in the region. Using the recommended well shut-off at the bottom technology during testing exploration
and exploratory wells are not a technically challenging solution. However an increase in informativity will
increase the success of exploration in general and help to remove uncertainties in the design of complex
carbonate reservoirs in Eastern Siberia.
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