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Keywords: In this article, using a system analysis of the results of studying a technogenically formed spatially heterogeneous drainage zone of
heterogeneous zone drainage of horizontal wells, its geological and physical features that determine design decisions and operational characteristics of wells are studied.
horizontal wells, technogenically A spatially heterogeneous zone arises as a result of the use of a system for maintaining reservoir pressure during waterflooding
formed cracks, tracer studies, low as a method of increasing oil recovery from fields.

filtration resistance channel, model The use of a systems approach and a set of studies, including geophysical and hydrodynamic methods, modeling and numerical
of the hydraulic system of calculations, allowed us to conclude that during intensive development of a pore reservoir, fluid filtration is significantly
productive formations, disjunctive determined by the formed technogenic fracture component and is characterized by nonlinear effects. The pore type of the
faults, flexural-fractural faults. reservoir changes and a dual environment is formed in the deposit.

The use of a system approach is justified by the fact that instead of transforming the well arrangement system, superconductivity
zones caused by disjunctive faults in the oil field area should be eliminated. The technogenically formed drainage zone of
horizontal wells should be taken into account when developing design solutions at the last stage of exploitation of the
productive formation.

The results of this research article can be used to improve the efficiency of oil production by increasing the profitable period of
operation of horizontal wells in terrigenous reservoirs, in which zones of superconductivity of the interwell space are formed.

Kmoyessie c/1oBa: C [pYMEHEHHMEM CHUCTEMHOIO aHaju3a pe3yJIbTaToOB MCCJIEJOBAHMsA TEXHOI€HHO CQOPMUPOBAHHON MPOCTPAHCTBEHHO
[POCTPAHCTBEHHO HEOJHOPOHAs HEOJHOPO/JHON 30HBI JPEHUPOBAHUs FOPU30OHTAJIBHBIX CKBAXUH M3yYeHbl ee IeoJIoro-Gpusnyeckre 0cOGEHHOCTH, OIpeesIsIoLIe
30Ha JpeHUPOBaHUA TNIPOEKTHBIE PEIIEHNA U SKCIIyaTalllOHHbIE XapaKTEPUCTUKH CKBaXXWH.

TOPU30HTAJIbHBIX CKBAXHH, TIpOCTPaHCTBEHHO HEOMHOPOAHAs 30HA BO3HMKAET B pe3yJibTaTe IPHMEHEHMs 3aBOAHEHWs KaK MeToja IOBBILeHus HedTeoTaaun
TEXHOTeHHbIe TPELIHHBI, MECTOPOXKIEHHIL.

TpaccepHble HCCIIeOBaHNsA, KaHa [IprMeHeHre CHCTEMHOTO MOAXOAA M KOMIUIEKCA HCCIIeOBAHMI, BKJIIOYAIOIMX reodusnyeckue U TUAPOAWHAMHYECKHME METOJBI,
HHU3KOro GUIIbTPALIIOHHOTO MOJE/IMPOBAaHNE U YHCJIEHHblE pacyeTsl, NMO3BOJIMJIO CHeJaTh BBIBOZA, YTO MpPU HMHTEHCHBHOI pa3pabOTKe MOPOBOTO KOJUIEKTOpA
CONpPOTHBJIEHUsI, MOAEb ¢dubTpatys (QUIOMIOB CYIeCTBEHHO ompefesseTcs GOPMUPYEMOil TEXHOTEHHON TPEIMHHON COCTABIIOIE M XapaKTeph3yeTcs
TUAPOCUCTEMBI IPOAYKTHUBHBIX HeJMHeiHbIME 3¢ dexTamu. [TPOMCXOANUT U3MeHeHNe TIOPOBOTo THIA KOJUIEKTOPA, U B 3aJiexu GopMUpyeTcs ABOIHAA cpefa.

I[UIACTOB, JU3bIOHKTHBHbIE Hcrnosib30BaHUEM CHCTEMHOTO MOAXOAAa OOOCHOBAaHO TeM, YTO BMeECTO TpaHCHOpPMAaLUHM CHCTEMBI PACIOJIOKEHUSA CKBAXHH
HapyuIeHus, GJIeKCypHO-pa3phIBHbIE clelyeT JIMKBUAMPOBATh 30HBI CBEPXIPOBOAMMOCTY, BBI3BAHHBIE AU3BIOHKTHUBHBIMU HAapylLIEeHUsAMH B 00JacTH HeQTAHOro
HapyLIeHHUs. MecTopoXxzeH!sl. TeXHOreHHO CGHOPMHMPOBAHHYI0 30HY APEHHPOBAHUsA TOPU30HTAJIBHBIX CKBAXUH CJIEAYeT YYUTHIBATH MpU

pa3paboTKe MPOEKTHHIX PelleHNiI Ha IOC/IeJHel CTaAuY KCIIyaTal|y IPOAYKTUBHOTO ILIacTa.

Pe3yJsibTaThl UCCJIEJOBAHUI JAHHOM CTaThU MOTYT OBITh MCIOJIb30BaHHI U1 MOBHIIEHNs 3 deKTUBHOCTH JOObYM HedTH 3a cYeT
yBeJINYeHUsA peHTabesJbHOro Mepuoja SKCIUIyaTalluy TOPU3OHTAJIBHBIX CKBAaXWH B TEPPUTe€HHBIX KOJUIEKTOpaX, B KOTOPBIX
GopMUpYIOTCA 30HBI CBEPXIPOBOAVMMOCTH MEXCKBaXXMHHOI'O IIPOCTPAHCTBA.
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Introduction

The duration of the life cycle and the slow dynamics of
field development processes and the irreversible
technogenical impacts on the geological environment
determine the importance of using systems analysis while
making decisions on applied problems of exploitating
and monitoring hydrocarbon deposit development. The
achievements of the RAS Academician A.E. Kontorovich
recognized by the scientific community have proven the
effectiveness of using a systems approach that consistently
covers the development of fundamental Earth sciences to
the use of the obtained results to solve specific problems
within the framework of applied research into the process
of developing and implementing technologies. This is
confirmed by the results of research by followers and
students of the scientific school of A.E. Kontorovich [1-5]
in solving problems of developing oil and gas reserves in
Western Siberia [3, 5] and developing, adapting and
implementing new technologies for the extraction of hard-
to-recover hydrocarbon reserves [4, 6, 7]. It is known that
the trend of oil production in Western Siberia for the next
decades will be determined by the efficient development
of hard-to-recover reserves in the Upper Jurassic and
Middle Jurassic complexes which share exceeds 30 % in
the total structure of oil and gas province reserves [4].

In conditions of productive low-permeability
formations characterized by the absent frontal component
of the process of uniform displacing oil by water, the basis
for oil recovery is the capillary recharge of a branched
crack system.

Of scientific and practical interest there is the
studying the geometry of cracks technogenically formed
during the operation of injection and production wells,
the patterns of their spatial distribution as well as the
relationship between crack formation and technological
indicators of oil field development. An assessment of the
reasons determining the spatial location of technogenical
cracks, and the geological and technological conditions
determining the direction of their priority development
will make it possible to organize formation pressure
maintenance (FPM) systems. Taking into account the
formed spatially heterogeneous drainage zone creates a
favorable basis for increasing the profitable period of
well operation and the oil recovery factor.

Technogenical drainage zone
of the productive formation

The design and technological documents for field
development [8] substantiate the use of dense well grids
and selective flooding. At the first stage, productive
formations and areas with the best reservoir properties
were brought into development.

A focal-selective flooding system with a grid density of
16 ha/well was formed in the deposits of the Tyumen
suite. The analysing the development results for the same
period of time revealed a significant difference in the
efficiency of oil reserves development at the fields (Fig. 1).

While interpreting the results of 250 hydrodynamic
studies (HDS) using fields 2 and 3, reservoirs with a
dual environment were identified that were not
established at the beginning of development [8]. The
fluid filtration process is described by the Barenblatt-
Warren-Root model (see Fig. 1). The presence of dual
permeability is confirmed by the results of studying the
filtration-capacitive core properties. At fields 2 and 3,
anomalous values of core sample permeability are
observed (~3-5 % of determinations) which indicates
the presence of a fracture component.
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Fig. 1. Development indicators of the study objects:
a, b- development indicators; ¢ - diagnostic graph of the
pressure build-up characteristic of the first field wells;

d - diagnostic graph of the pressure build-up reservoir
characteristic with a dual environment in the second field
wells; e - diagnostic graph of the pressure build-up reservoir
characteristic with a dual environment in the third field wells

It has been established that the presence of dual-
medium reservoirs at fields 2 and 3 has a negative impact
on the efficiency of flooding technology: low value of the
current oil recovery factor (less than 10 %); high water cut
of the extracted product (more than 80 %).

It is known that the interpretation of tracer studies
results establishes the presence or absence of a
hydrodynamic connection between injection and production
wells, reveals the presence of powerful fracture systems of
low filtration resistance (LFR) in the reservoir which lead
to unproductive filtration of injected water [9, 10].
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Fig. 2. Interpretation of tracer study results: a— rose diagram of
reduced indicator movement velocities from well No. 802; b - after
indicator movement velocities from well No. 802; ¢— distribution of

LFR channel volumes to production wells from well No. 802; d-
permeability of LFR channels to production wells from well No. 802

A comprehensive analysing the results of indicator
studies, geological, geophysical and production data on
wells of field X made it possible to identify the distribution
of injected water by the area and section of productive
formations and the coverage by displacement (Fig. 2).

It was revealed that the reason for the high water
cut of wells within the studied area in the area of
injection well 802 is the presence of LFR channels
which length is commensurate with the interwell
deposit space. In our opinion, the researchers who

conducted and interpreted the results of indicator
studies using the SevKavNIPIneft methodological
manual, the identified LFR channels can be very small
in cross-section and do not have a significant effect on
the displacement process.

In this regard, it is proposed to conduct a system
analysing the technological indicators of the injection
and production wells operation (maintenance of reservoir
pressure is ensured by flooding the deposit) [11].
Mathematical processing data on the dynamics of
injectivity and bottomhole pressure is carried out taking
into account the hydraulic interaction with a group of
adjacent production wells and the assumption that in
injection wells where an increase in injectivity is
accompanied by a drop in bottomhole pressure,
destabilization of reservoir pressure occurs due to the
forming technological long cracks directed to the
selection zone.

Figure 3 shows the results cconnected with the
dynamics of the injectivity of an injection well in the form
of a tabulated function R(9), wellhead pressure p(f) and
fluid flow rates of production wells in the form of a
tabulated dependence Q(9).

The distance cutoff principle or the triangulation
scheme based on the Delaunay method is used to
determine potential interaction lines between the injection
well with dynamics — R,(H, P(H and N production wells
with dynamics Q(9.

The dynamics of the bottomhole pressure in the
reference injection well p,(9) is studied based on the
telemetry of the dynamics of its injectivity Ry (9 and the
dynamics of the flow rates Q(9 of the wells adjacent to it.
The desired function p, (9 is calculated based on the
desired values of permeability (or piezoconductivity) along
the selected interaction lines so that the sum of the
deviation squares at the points of actual measuring of the
bottomhole pressure Zy(9 is reduced to a minimum

Z[po(t)—}f)(tﬂz — min, 1

where the summation is performed over all available
measurements of the bottomhole pressure in the reference
well.

It is known that

Ro (t) - Ro (to) Ei Ho(mﬁﬁﬁp)ff

Py (t) = Po(to)+uo

4nk b, 4k, (t-t,) -
+§}1 o, ([) -0 ([0 )1 Ei u(’”ﬁl*ﬁp)’f
< ankh, 4k (t-t,)

will be correct only for ¢ > #. The ranges of measurements
for all wells are different (since the wells are not started
simultaneously), it is necessary that in the absence of
measurements and ¢ < &, Ry = 0, Q() = 0, P(D) = P,
where P, is the initial reservoir pressure.

In (2) there are N+1 unknowns - %, and %; for
ie [1...M], and their definition relates to the problem of
nonlinear programming for finding the minimum of the
function with respect to unknown permeabilities along
the lines of well interaction

Q(ky,kyy.. ks sk ) =
M 2
=S n(6) (5] = min

=1

3

where ; is the number of the bottomhole pressure

measurement in the reference well; £ is the time
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corresponding to the jth measurement; A/ is the number of
bottomhole pressure measurements in the reference
injection well. Substituting (2) into (3) we obtain that

N

Q(kyokyy..s ks ky ) =

2

R, (t) - R (tO) Ei Ho(mp, +p,)r2
M Ak h, 4k, (t-1t,)
= " | 5 @
mp; +B, i _
4k, (t-t,) A7)

— min,

where E; is an integral-exponential function; 4; is the
permeability along the line of interaction of the
reference injection well and the adjacent well £ hi is
the average effective thickness of the formation in the
zone between the wells, determined based on the results
of geophysical studies; p is some averaged dynamic
viscosity of the filtered oil and water under reservoir
conditions; P, is the averaged coefficient of liquid
compressibility; B, is the coefficient of rock
compressibility; m is the coefficient of open porosity;
r; is the distance between the bottomholes of the
reference well and those adjacent to it; k,, /A, are
the permeability and thickness of the formation in the
immediate vicinity of the bottomhole of the reference
injection well; p, is the dynamic viscosity of the
injected water under reservoir conditions in the
reference injection well; r. is the reduced radius of
the reference well.

The method has a limitation related to the
observation time, or more precisely, to the difference in
the time of change of the well mode and the observation
time. At low values of piezoconductivity and long-term
observation, the passage of pressure pulses will not be
detected when calculating the dynamics of bottomhole
pressure. There will be unacceptably large errors at
intervals of pressure spread less than 0.2 MPa. It is
proposed to periodically change the value of the
injectivity of injection wells within 20-40 %.

A number of authors [12, 13] describe the formation
of man-made cracks based on the hypothesis of uniform
distribution of the strength properties of the reservoir
and skeletal stresses, based on the conditions of the
reservoir location. In this case, the direction of the crack
is determined by the largest gradient of reservoir
pressure exceeding the critical fracture gradient (Fig. 4).

The shape of the crack will most likely correspond to
the image in Fig. 4. Note that the pressure distribution
inside the crack will be uneven due to the
unpredictability of the filtration conditions of the fluid
during crack formation. As can be seen from the
diagrams in Fig. 4, it is assumed that cracks can
simultaneously propagate from the center of the cell to
the periphery (diagrams 5-15). Two options are
investigated in the simulation: 7 — the rupture occurs in
all directions where these conditions are met; 2 — the
rupture occurs in the direction of the maximum of all
pressure gradients corresponding to these conditions.

During the system analysis of the results of the study
of the new hydrodynamic simulator “Nemesis 2.0,
which allows taking into account highly detailed non-
stationary spatial filtration of multiphase media in
fractured-pore reservoirs with pronounced geological
heterogeneity and nonlinear interphase interactions [13],
it was established that cracks are formed in the injection
zones with their propagation into the extraction area
which, in turn, contributes to the rapid flooding of
production wells.
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Fig. 3. Examples of initial data for operating modes of injection
and production wells at the Van-Eganskoye field: a — dynamics
of wellhead pressure and injectivity of injection well 306;

b - dynamics of liquid and oil flow rates of well 1748

Figure 5 shows the dynamics of gradual fracture
development in the zone of injection well influence
(WIZ) on the formation. According to the accepted
hypothesis, the development of the fracture system in
the WIZ of injection wells, as well as between wells,
depends on the conductivity of the fractures and the
fracture gradient. The greater the fracture permeability
and the higher the fracture gradient, the larger the
formed cracks.

And since the pressure in the WIZ under conditions of
small values of the fracture gradient and low fracture
permeability is distributed almost uniformly, a network
of small fractures in relatively small sizes is created near
the injection wells.

The results of computational experiments on the
model of the hydraulic system of the productive
formation are presented in Table 1.

Even if the balance of selection and injection is
maintained, cracks inevitably appear in the bottomhole
zones of injection wells. However, with the timely
launch of such injection wells, this does not lead
to a breakthrough of water into the producing ones.
According to the results of the computational
experiment, it was found that low reservoir
pressure zones are formed at a distance of less
than 300-350 m from the bottom of the injection well
which is the condition for the development of cracks
while starting injection wells. Therefore, it is necessary
to adjust the flooding technology in such a way as to
ensure water injection along the network of cracks
that are formed without getting into the bottom
of the production wells which are located at the end of
the cracks of the well network. This will lead to a
multiple increase in the period of field profitable
operation (Fig. 6).
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Next, we will consider a methodical approach to
designing the development (Fig. 7), based on the using
network of technogenically channels as an element of an
organized system using the example of the US1 object.
As usual, the initial three-dimensional geological model
describing the productive formation as a pore-type
reservoir with ultra-low permeability was adopted as
the basis for constructing the hydrodynamic model. The
fracture component is introduced into the model already
at the stage of creating and adapting the hydrodynamic
model to the development history.

In this case, data from the designs of completed
hydraulic fracturing, acoustic studies as well as the results
of interpreting hydrodynamic and tracer studies are used.

However, even ideal adaptation of the model and
restoration of the fracture component for a certain date do
not solve the problem of reproducing the dynamic
transformation of the reservoir in the form of the growth and
opening of hydraulic fracturing cracks when the reservoir
pressure field changes. For this purpose the dependence
(Fig. 8) of permeability change on reservoir pressure
established as a result of calculation experiments was set in
the model, simulating the known results of reservoir
transformation in the process of creating bottomhole
pressures exceeding the fracture pressure of the rock.

The preferential direction of developing technogenic
fracturing determining the movement of reservoir fluid
flows was set by the anisotropy parameter for
permeability in coordinates (X, Y¥) and local grid
refinement in the areas of injection wells. The grid
refinement parameters were selected depending on the
geological structure of the object, the time of
calculations, etc. For the studied object in the areas of
injection wells a refinement of 10 times was adopted.

The approaches used made it possible to create a
hydrodynamic model that not only reproduced the
fracture system for a certain date, but also incorporated
a mechanism simulating the results of the development
of the technogenic fracturing system with a change in
the dynamics of reservoir pressures in the areas of
production wells. The reliability of the reproducing the
results of technogenic reservoir transformation, in
addition to the adaptation of the hydrodynamic model
to the development history, should be confirmed by the
results of special hydrodynamic studies that allow us to
determine the parameters of hydraulic fractures in
injection wells.

The key feature and difference from the approaches to
modeling low-permeability objects that are standardly
used in practice is the geological and industrial
justification of the parameters and the assignment of a
new element in the hydrodynamic model - a dynamic
system of technogenic transformations of the reservoir.

Multivariate calculations were performed on this
hydrodynamic model which made it possible to estimate
the technological indicators with a greater degree of
reliability and choose the best option for developing the
studied deposit.

Based on the results of the technical and economic
assessment, the following was proposed:

— adjustment of the injection well operating mode;

- increase in the length of horizontal wellbores;

— increase in the number of hydraulic fracturing stages;

— convergence of injection and extraction zones;

— organization of a row development system.

According to the proposed best option, the increase in
cumulative oil production will amount to more than
1.5 million tons or 17 %. The results of practical testing of
the method allowed us to conclude that the scope of its
application should be expanded.
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Table 1
Results of computational experiments on the model of the hydraulic productive formation system
ri\;gn Period of time Elements of studied displacement process by water Rusult
1 1-1.5 vears Exploitation wells on the distance less then 800 m On the distance less than 300-350 m the zone
Y from IW (layer thickness is less than 20m) of low layer pressure is formed
1 - existence of cracks after IW drive on the distance of 200 m
9 Next IW drive during 10-100 days; 2 — expanding of cracks on the direction
1-1.5 years of low pressure zones in 200-300 days after IW drive; 3 —crack

connection from IW and PE after 350-500 days

It is proposed to adjust the flooding technology.

1. Those production wells that are at the ends of the formed fracture network should be converted to injection. Moreover, the closer the well is to the

fracture, the earlier it should be converted.

2. To ensure the intensity of displacement, it is proposed to drill new or lateral wells with a horizontal end which feed contours will be effectively supported

by the formed fracture network.

3. It is proposed to use the technology of periodic injection with cycles from 1 to 2 years

Note: PW - production well; IW — injection well.
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Fig. 6. Schematic diagram of the design of the development using dynamic transformation of a low-permeability reservoir

Disjunctive faults in oil fields

However, the effective application of the proposed
methodological approach is complicated (in comparison
with the model) by the more significant heterogeneity of
hydrocarbon deposits and the existing disjunctive faults
of various ranks in oil fields. The features of their
filtration structure affect the development process using
flooding [14].

Approaches to the studying complex development
objects are non-standard and multi-variant. Among other
natural factors that complicate the modeling and
development of such objects, the following stand out:

— low values of matrix permeability coefficients;

— the existing network of fracture systems;

- very high filtration heterogeneity;

- complex geometry of reservoir systems.

The history of the forming such productive objects
does not exclude the presence of combining the above
factors which may be a consequence of pronounced fault
tectonics. A distinctive feature of such objects is the
anomalous filtration-capacitive properties of fractured-
porous reservoirs with the so-called «fast» or conductive
and «feeding» low-permeability blocks.

A feature of such deposits is that all of the listed
complicating factors negatively affect the efficiency of
their development to one degree or another.

Typically, fractured reservoirs are modeled by
representing them as a continuous medium model, with
various versions of using "double" porosity [15]. But such
approaches are implemented mainly for designing long-
term development forecasts [16]. Since the role of the
"fast" medium increases significantly in fractured
reservoirs, local problems of detailed development

analysis or planning targeted GTM are not solved on such
models.

In addition, such objects are poorly determined by
standard methods [17], they are not interpreted by GIS
methods, are not characterized unambiguously by core
and are beyond the resolution of seismic exploration.
And if, in the overall picture adopted in single-phase
filtration models, the role of such local tasks is not
noticeable at the early stages of development, then at the
following stages it increases many times over. This leads
to dagger breakthroughs of the displacing agent, a sharp
increase in its share in the extracted products and, as a
consequence, well shutdown.

In these cases, the urgent task is to identify such
local objects in a complexly constructed deposit. Most
likely, this will be some geological body, no larger in
size than a cell of the hydrodynamic model and
possessing either high or low values in relation to the
environment and introducing significant changes in the
direction of filtration flows [18]. The results of the
indicator and aerospace studies [10] have established a
close relationship between the predominant distribution
of the tracer in the formation and the direction of the
liniaments which are indicators of flexural-fracture or
dynamo-stressed zones of the sedimentary cover. Figure
shows disjunctive faults in the area of the N field. It
was revealed that the isolines of water in the formation
are predominantly parallel or perpendicular to flexural
faults and dynamo-stressed zones. By combining the
map of accumulated oil production with the map of
flexural-fracture faults and dynamo-stressed zones, it
was revealed that accumulated oil production is mainly
located in faults and in the zones of the most developed
reservoir.
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Fig. 7. Block diagram of the methodological approach to justifying
the adjusting the development system of a low-permeability
terrigenous reservoir in connection with its man-made change
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Fig. 9. Flexural faults and dynamo-stress zones
in the area of the N deposit

Wells with their bottomholes in faults are the most
productive: additional oil inflow is carried out from the
reservoir matrix through the LFR channels. When the
reservoir pressure maintenance system is launched,
premature flooding of the most wells in the facility
begin which affects the reduction of the current and
final coverage factors by flooding and oil recovery as
well as the energetics of the reservoir operation
[19-25]. In the work [21] the filtration process in an
element of a five-point system in the presence of a LFR
channel system connecting the injection and production
wells was studied. The conditions under which the
channels are located in a horizontal plane were
established. If they are not met, the LFR channels are
located in a vertical plane. In the work [22] it was

established that the pressure gradient has virtually no
effect on the size of the two-phase filtration zone and
on the proportion of water at an arbitrary point in the
formation; changes in the coefficient of water saturation
and compressibility of the reservoir have a significant
effect. If the repression exceeds the strength limit of the
rock with a constant injectivity of the injection well,
then man-made cracks are formed. The developed
technique makes it possible to establish the filtration
boundary of a specific production well by the region of
increase in the water cut coefficient of well production.
However, the application of the obtained results
[21, 22] can be complicated by the following. During
the development of an oil field in a complex reservoir,
crossflows occur between interlayers, the nature of fluid
movement in the areas of production wells changes, and
filtration flows are transformed. Part of the liquid
injected into the LFR channel, when water moves from
the injection well to the production wells, flows into the
zone with low filtration parameters (matrix)
surrounding the channel. While conducting tracer
studies in accordance with the law of conservation of
mass, it follows that part of the indicator flows into the
matrix. The linear dimensions of the flow region depend
on the filtration-capacitive properties of the high-
permeability channel and the matrix. From the solution
of the diffusion equation, it follows that the initial
concentration of the tracer decreases. Let us assume
that there are several channels of the LFR between the
injection and production wells. If several outputs of the
indicator of different concentrations are recorded, then
it follows that the channel trajectories have a complex
position of the oil-saturated formation thickness
(curvilinear).

The screening capacity of a disjunctive fault is
determined by the displacement of rocks and the
proximity of permeable and impermeable layers on both
sides of the fault. In the work [26] the authors divide
the screening capacity of faults into three categories.
The first is the complete absence of conductivity along
the fault, the existing numerous deviations of layers and
a pronounced contact of permeable layers on one side
of the fault with impermeable layers on the other side
of the fault. The second is the existing permeability of
the internal fault zone the and flow along it, regardless
of the amplitude of the displacement. The third is
characterized by the ratio of tangential and normal
stresses to the plane of the fault. It determines the
possibility of activating a fault which was originally a
screen, with new mechanical effects on the rock mass
and, accordingly, the emergence of the possible
formation fluid filtration along it.

The screening capacity of faults in terrigenous rocks
can be estimated from well logging data of adjacent
wells by the value of the SGR coefficient - the
proportion of clay in the main fault zone [57]. A fault is
a screen with an SGR value of = 15-20 %. If the SGR
value is less than 15 %, the screen has a fluid
throughput capacity. However, in this work [27] for the
Xingbei section of the Daqing field the minimum SGR
value is indicated as 35 %.

The following should be noted: modern technologies
that determine and map disjunctive faults cannot
determine at specific sites whether these faults are screens,
or whether they are channels for vertical fluid migration,
or whether these disjunctive dislocations do not play a
special role.

The authors of the work [14], based on the results of
numerical modeling, conclude that taking into account the
filtration structures of disjunctive faults is extremely
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Table 2

Variants of interpretation models for production analysis

Well model Layer model Boundaries model (impermeable and constant pressure)
Vertical. Homogeneous . Infinite reservoir .
Inclining. Double porosity. One boundary.
With partly completion. Double permeability . Two parallel boundaries .
Horizontal. Radial composite. Two cross boundaries.

Vertical with FHF.
Horizontal with FHF

Line composite

Circle boundary.
Rectangular boundary

necessary when modeling well placement and purpose
systems both in the case of faults with rock displacements on
both sides and without such displacement. The
implementation of design solutions that do not consider
properties of disjunctive faults will certainly lead to
significant losses in the current and final values of the oil
recovery factor [20].

Without a doubt, the process of oil displacement by
water will depend on the influence of the disjunctive faults
filtration properties both in relation to the nature of
filtration flows and the productivity factor of wells located
between the faults [21-23].

However, work [14] indicates that known approaches
which together ensure the identification of disjunctive
faults, do not allow us to determine their role in the
development implementation.

Taking into account predicted faults while forming a
system for the placement and purpose of wells is possible
based on development data [24]. For example, work [28]
proposes an approach that allows us to determine the
permeability, skin factor and drainage radius of a well in a
reservoir. Its application requires constant values of
bottomhole pressure, skin factor and well drainage zone.

There are known [59] mathematical models of the
oil production process that describe the operating
conditions of different well types, conditions at the
outer boundary of the reservoir and different reservoir
models. However, Table 2 shows that cases of finite or
ultra-high fault permeability of a fault have been
studied when a zone of fissured or fractured reservoirs
is located near the fault. Thus, for application at sites
with fault types of a more complex structure than a
simple impermeable boundary, a comprehensive
analysis of the development is required using field
measurement data (oil, gas and water flow rates) and
the results of hydrodynamic studies.

Solving problems taking into account disturbances in
the case of two-phase filtration is significantly
complicated, and obtaining simple analytical solutions is
almost impossible. When creating a numerical model, it
will be necessary to use all the a priori information, take
into account the results of calculating bottomhole
pressures and flow rates, comparing them with the
results of field measurements, and specify the complex
structure of the zone of dynamic influence of the
disturbance [59]. A method of passive hydraulic
interference is known, which is most informative when
there is noticeable interference between wells when
maintaining reservoir pressure by pumping water.
Technical and software tools have appeared that make it
possible to implement such '"passive" hydraulic
interference in large volumes [23, 56], since an
increasing number of wells are equipped with constantly
operating pressure sensors at the bottomhole and flow
rate at the wellhead [32, 36, 48, 49]. That is, it has
become possible, under favorable conditions, to evaluate
not only the parameters of the formation itself, but also
the characteristics of the hydrodynamic barrier between

wells [31]. By using special methods and programs for
processing time series of measurement data, it is possible
to obtain information on hydrodynamic connectivity
[33-47]. The scheme for analyzing long-term pressure
measurements [50] conducted by permanent downhole
sensors, published in 2006, makes it possible to solve a
number of practical problems of reservoir studies
using developed algorithms and processing programs [32,
51-55]. However, the narrow-band nature of disjunctive
faults and their partial conductivity complicate the
interpretation models when studying them using
hydrodynamic well testing methods. This is due to the
zonal structure of the reservoir region adjacent to the fault
(composite model) [58, 59]. In the work [60] one of the
variants of a multi-zone model is considered where the
second zone is narrow. To determine the geological and
physical characteristics of formations, the existing
filtration parameters of various disturbances there, one can
use the entire set of integral indicators (accumulated water
and oil flow rates), the history of individual wells (absolute
values of water and oil flow rates, their dependence on
time). Unfortunately, these data become informative and
reliable only some time after the objects are put into
development when the well stock has already been formed.
In such cases, adjusting the location of wells taking into
account the presence of disturbances and their properties is
almost impossible for financial and administrative reasons.
This problem will be solved by developing a domestic
software product for the complete analysis of long-term
measurements of well temperature and pressure parameters.
Tracer studies are very useful for identifying disturbances
and highly permeable zones extending along them.
However, positive results of these data can only be
interpreted at a qualitative level. And for the correct
interpretation of disturbances by tracer methods, it is
necessary to significantly clarify both the methodology for
their implementation and to carry out a significant amount
of numerical experiments on formation models that take
into account the filtration structure and parameters of
disjunctive disturbances. The well-known results of the
research conducted by the Institute of Systems Research of
the Russian Academy of Sciences [14] on considering the
identified disjunctive faults during the design and
optimization of development clearly demonstrate (despite
the differences in opinions of various authors) that the well
placement system should be selected exclusively in
accordance with the dislocation of the fault system taking
into account the values of the filtration parameters of the
faults themselves and the formations adjacent to these
faults. The well grid becomes largely irregular.

It is indisputable that making a decision to revise the
well placement and purpose system will be very difficult
and will lead to an increase in economic costs. However,
such a decision can only be made if ignoring the faults
leads to a significant deterioration in the technological and
economic indicators of development.

A pattern has been identified [10] that technological
efficiency is manifested in injection wells which
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bottomholes are located in of maximum
concentration of faults and cracks.

As a result, the obtained conclusions are confirmed:
injection of sediment-forming systems must be carried out
in those injection wells whose bottomholes are also
located in flexural-fracture faults and dynamo-stressed
zones; treatment of the bottomhole formation zone in fault
zones is ineffective; it must be carried out in those wells
that are located in zones without flexural-fracture faults
and dynamo-stressed zones.

To justify the drilling system with flat and horizontal
wells and to increase the efficiency of isolating water
inflows from complex oil deposits based on field studies of
their hydrodynamic state, the following scheme of an
integrated approach is proposed:

—identifying areas of flexural-fracture faults,
dynamically stressed zones and channels of low filtration
resistance using indicator studies;

— locating intervals of opening productive formations
by production wells at the maximum possible distance
from flexural-fracture faults, dynamically stressed zones
and channels of low filtration resistance;

- while opening the said zones with flat and horizontal
wells, perform preliminary injection of plugging systems
through injection wells with subsequent selective water
isolation of the oil-water-saturated near-wellbore part of
production wells.

Zones

Conclusion

1. Thus, an increase in the period of profitable application
of oil field flooding is possible with a predictable

accounting of the structural hydrodynamic heterogeneity
of the formations caused by the presence of natural
fractures and the technogenical formation of the NFS
channel network.

2. A method for predicting the geometry of fracture
formation has been developed, complementing the known
hydrodynamic model of a reservoir system with arbitrary
geological and physical properties.

It implements a step-by-step variation analysis of the
hydrodynamic situation in the studied section of the
formation and takes into account the stress arising due to
pore viscous friction during filtration, rock stress in
compression and tension as well as the elastic properties of
the formation skeleton.

3. It has been revealed that a high value of injection
pressure and excess pressure gradients over the critical
value are not necessary and sufficient for infinitely long
development of cracks due to both pressure losses
during filtration in cracks and the equalization of the
distribution of reservoir pressure with distance from the
injection zone. It has been established that the
development of a fracture network is caused by the
formation of low reservoir pressure zones in the area of
the future injection well with a minimum pressure at
the point to which the fracture tends to pass from the
subsequent injection zone.

4. In order to increase the period of profitable
operation of wells, it is proposed to transfer production
wells located on the periphery of the fracture network to
injection. To ensure the efficiency of selection by
horizontal wells, their feed contours should be supported
by a network of technogenical fractures.

References

1. Kontorovich A.E., Ermilov O.M., Laperdin A.N. Geotekhnologiia razrabotki mestorozhdenii nefti i gaza [Geotechnology of oil and gas deposit development]. Vestnik
Rossiiskoi Akademii nauk, 2013, vol. 83, no. 9, pp. 788-799. DOI: 10.7868/S0869587313090041

2. Kontorovich A.E. Global'nye problemy nefti i gaza i novaia paradigma razvitiia neftegazovogo kompleksa Rossii [Global oil and gas problems and a new paradigm for
the development of the Russian oil and gas complex]. Nauka iz pervykh ruk, 2016, no. 1, pp. 6-17.

3. Khafizov F.Z. Neft' i gaz Tiumeni [Oil and gas of Tyumen]. Ed. akademik Rossiiskoi akademii nauk A.E. Kontorovich. Tiumen': Zaural'e, 2012, 524 p.

4. Shpurov L.V. Nauchno-metodicheskie obosnovanie effektivnoi razrabotki trudnoizvlekaemykh zapasov nefti iurskikh otlozhenii Zapadnoi Sibiri na osnove detal'nogo
geologo-tekhnologicheskogo modelirovaniia [Scientific and methodological substantiation of the effective development of hard-to-recover oil reserves of the Jurassic
deposits of Western Siberia based on detailed geological and technological modeling]. Doctor’s degree dissertation. Tiumen', 2015, 356 p.

5. Kurchikov A.R., Borodkin V.N. Kharakteristika geologicheskogo stroeniia i neftegazonosnosti iurskogo neftegazonosnogo kompleksa Zapadnoi Sibiri [Characteristics of
the geological structure and oil and gas potential of the Jurassic oil and gas complex of Western Siberia]. Zapadno-Sibirskii filial Instituta neftegazovoi geologii i geofiziki
imeni A.A. Trofimuka Sibirskogo otdeleniia Rossiiskoi akademii nauk. Novosibirsk: Sibirskoe otdelenie Rossiiskoi akademii nauk, 2015, 140 p.

6. Grachev S.I., Strekalov A.V., Samoilov A.S. Povyshenie effektivnosti razrabotki neftianykh mestorozhdenii gorizontalnymi skvazhinami [Improving the efficiency of oil
field development with horizontal wells: monograph]. Tiumen" Tiumenskii industrial'nyi universitet, 2016, 203 p.

7. Grachev S.I., Krasnova E.I. Termodinamicheskie protsessy pri razrabotke neftegazokondensatnykh mestorozhdenii [Thermodynamic processes in the development of oil
and gas condensate fields: monograph]. Tiumen" Tiumenskii gosudarstvennyi neftegazovyi universitet, 2015, 98 p.

8. Grachev S.I, Iudchits V.V., Druchin V.S., Iunusov R.R. Osobennosti vyrabotki trudnoizvlekaemykh zapasov nefti neodnorodnykh kollektorov tiumenskoi svity (na
primere mestorozhdenii OO0 “Lukoil-Zapadnaia Sibir') [Specific aspects of oil reserves development from discontinuous low-productive reservoirs of Tyumen geological
interval (on the example of JSC LUKOIL-West Siberian fields)]. Zzvestiia Tomskogo politekhnicheskogo universiteta. Inzhiniring georesursov, 2021, vol. 332, no. 10,
pp. 192-201. DOI: 10.18799,/24131830/2021/10/3172

9. Grachev S.I., Korotenko V.A., Kriakvin A.B. Interpretatsiia rezul'tatov trassernykh issledovanii s uchetom konvektivnogo massoperenosa [Interpretation of the tracer
investigation results considering convective mass transfer]. Zapiski Gornogo instituta, 2019, vol. 236, pp. 185-193. DOI: 10.31897/PMI.2019.2.185

10. Grachev S.I. Teoreticheskie i prikladnye osnovy stroitel'stva pologikh i gorizontal'nykh skvazhin na slozhnopostroennykh neftianykh mestorozhdeniiakh: spetsial'nost'
05.15.10. Burenie skvazhin [Theoretical and applied principles of construction of flat and horizontal wells in complex oil fields: specialty 05.15.10. Well drilling].
Doctor’s degree dissertation. Tiumen": Tiumenskii gosudarstvennyi neftegazovyi universitet, 2000, 316 p.

11. Grachev S.I, Strekalov A.V., Khusainov A.T. [Issledovaniia kanalov sverkhprovodimostei mezhskvazhinnogo prostranstva [Research of channels of super conductivity
of the interwell space]. Izvestiia vuzov. Neft'i gaz, 2016, no. 5, pp. 46-56. DOI: 10.31660/0445-0108-2016-5-46-56

12. Grachev S.I, Strekalov A.V., Khusainov A.T. Determinirovannye i stokhasticheskie modeli dlia kontrolia i regulirovaniia gidrosistem neftianykh promyslov
[Deterministic and stochastic models for monitoring and regulation of hydraulic systems of oil fields]. Tiumen'": Tiumenskii industrial'nyi universitet, 2016, vol. 1, 396 p.
13. Grachev S.I., Strekalov A.V. Programmnyi kompleks gidrodinamicheskogo modelirovaniia prirodnykh i tekhnicheskikh sistem “Nemezida Gidrasim” [Software package for
hydrodynamic modeling of natural and technical systems "Nemesis Hydrasim"]. Svidetel'stvo o gosudarstvennoi registratsii programmy EVM no. 2014614505.2014 (2014).

14. Volpin S.G., Afanaskin LV., Iudin V.A., Efimova N.P. Vozmozhnost' opredeleniia fil'tratsionnykh parametrov diz"iunktivnykh narushenii na neftianykh
mestorozhdeniiakh po dannym gidrodinamicheskikh issledovanii plastov i skvazhin [Possibility of determining filtration parameters of disjunctive disturbances in oil
fields based on data from hydrodynamic studies of formations and wells]. Moscow, 2018, 262 p.

15. Grachev S.I., Strekalov A.V., Khusainov A.T. Determinirovannye i stokhasticheskie modeli dlia kontrolia i regulirovaniia gidrosistem neftianykh promyslov
[Deterministic and stochastic models for monitoring and regulation of hydraulic systems of oil fields]. Tiumen': Tiumenskii industrial'nyi universitet, 2016, vol. 2, 156 p.
16. Kovalenko LV., Sokhoshko S.K., Grachev S.I. Razrabotka nizkopronitsaemykh kollektorov nefti i gaza gorizontalnymi skvazhinami s mnogostadiinym gidrorazryvom
[Development of low-permeability oil and gas reservoirs using horizontal wells with multi-stage hydraulic fracturing]. Tiumen": Tiumenskii industrial'nyi universitet, 2020, 162 p.

17. Kovalenko I.V., Sokhoshko S.K., Grachev S.I. Gidrodinamicheskie issledovaniia gorizontal'nykh skvazhin s mnogostadiinym gidrorazryvom plasta pri razrabotke
nizkopronitsaemykh kollektorov [Hydrodynamic studies of horizontal wells with multistage hydraulic fracturing in the development of low-permeability reservoirs].
Tiumen" Tiumenskii industrial'nyi universitet, 2020, 162 p.

18. Kirsanov S.A., Sharafutdinov R.F., Grachev S.I., Samoilov A.S. Metodicheskie osnovy postroeniia, aktualizatsii i otsenki kachestva tsifrovykh modelei mestorozhdenii s zalezhami
gaza [Methodological principles for constructing, updating and assessing the quality of digital models of fields with gas deposits: monograph]. Tiumen": IPTs Ekspress, 2021, 161 p.

19. Grachev S.I., Khairullin Am.At., Khairullin Az.Am. Approksimatsiia proizvodnoi funktsii Bakleia-Leveretta [Approximating the derivative of the Buckley — Leverett
function]. Neftianoe khoziaistvo, 2019, no. 2, pp. 44-48. DOIL: 10.24887,/0028-2448-2019-2-44-48

20. Grachev S.I,, Khairullin Am.At., Khairullin Az.Am. Fil'tratsiia zhidkostei v anomal'nykh kollektorakh [Liquid filtration in anomalous collectors]. /zvestiia Tomskogo
politekhnicheskogo universiteta. Inzhiniring georesursov, 2019, vol. 330, no. 7, pp. 104-113. DOI: 10.18799,/24131830/2019/7/2183

21. Grachev S.I, Korotenko V.A., Kushakova N.P. Issledovanie vliianiia transformatsii dvukhfaznoi fil'tratsii na formirovanie zon nevyrabotannykh zapasov nefti [Study on influence
of two-phase filtration transformation on formation of zones of undeveloped oil reserves]. Zapiski Gornogo instituta, 2020, vol. 241, pp. 68-82. DOI: 10.31897/PMI.2020.1.68

22. Grachev S.I., Korotenko V.A., Kushakova N.P., Muliavin S.F. Otsenka vliianiia gradientov vodonasyshchennosti i kapilliarnogo davleniia na formirovanie razmera
zony dvukhfaznoi fil'tratsii v szhimaemom nizkopronitsaemom kollektore [Assessment of the Influence of Water Saturation and Capillary Pressure Gradients on Size
Formation of Two-Phase Filtration Zone in Compressed Low-Permeable Reservoir]. Zapiski Gornogo instituta, 2020, vol. 245, pp. 428-438. DOI: 10.31897/PMI.2020.5.9
23. Grachev S.I., I'iasov L.R. Geologo-fizicheskie osobennosti razrabotki slabokonsolidirovannykh kollektorov viazkoi nefti [Geological and physical characteristics of the
field development of unconsolidated viscous oil reservoirs]. Jzvestiia Tomskogo politekhnicheskogo universiteta. Inzhiniring georesursov, 2021, vol. 332, no. 2, pp. 153-165.
DOI 10.18799/24131830/2021/02/3052

HEAPOMNOJIb3OBAHUE



PERM JOURNAL OF PETROLEUM AND MINING ENGINEERING

24, Grachev S.I., Khodanovich D.A., Sokhoshko S.K. Proektirovanie traektorii gorizontal'noi skvazhiny i bokovogo stvola s ispolzovanie geologo-gidrodinamicheskoi
modeli slozhnopostroennoi zalezhi [Sidetrack and horizontal wells trajectories planning on the complex reservoirs based on hydrodynamic models analysis]. Neftianoe
khoziaistvo, 2021, no. 9, pp. 56-59. DOI: 10.24887,/0028-2448-2021-9-56-59

25. Grachev S.I., Zemtsov Iu.V., Semenenko A.F., Akinin D.V. Issledovanie vliianiia podvizhnosti dvukhfaznogo potoka v kollektore nizhnekomskoi svity na snizhenie
koeffitsienta produktivnosti [Study of the influence of the mobility of a two-phase flow in the reservoir of the Lower Neokomian subformation on the decrease in the
productivity index]. Neftianoe khoziaistvo, 2022, no. 2, pp. 85-87. DOI: 10.24887,/0028-2448-2022-2-85-87

26. Kumar S., Sahoo M., Chakrabarti S.K. Multi-Disciplinary Approach to Fault Seal Integrity Analysis: A Case Study from Jambusar Field Cambay Basin, India.
10th Biennial International Conference & Exposition, 2013, 058 p.

27. Wang Chao, Dong Yingjie. The lower limit prediction method of fault lateral sealing and its application in the sand-shale interbed. JOSR Journal of Engineering
(IOSRJEN), 2016, vol. 06, iss. 05, pp. 14-16.

28. Arps J.J. Analysis of Decline Curve. Trans AIME, 1945, vol. 160, pp. 228-247.

29. Doublet D.E., Oande P.K., McCollum T.J., Blassingame T.A. Decline Curve Analysis Using Material Balance Tame. Paper SPE 28688, 1994, pp. 1-23. DOIL: 10.2118/28688-MS

30. Blassingame T.A., Johnston J.L., Lee W.J. Type Curve Analysis Using the Pressure Integral Method. Paper SPE 18799. Presented at the SPE California Regional
Meeting held in Bakers Field, 1989. DOI: 10.2118/18799-MS

31. Landa J.L., Horne R.N. A Procedure to Integrate Well Test Data, Reservoir Performance History and 4-D Seismic Information into a Reservoir Description. Paper SPE,
presented at the 1997 Annual Technical Conference. San-Antonio, Texas, 1997. DOIL: 10.2118/38653-MS

32. Al-Quaimi B.I., Ansah J., Al-Shehab M.A., Al-Ajmi F.A. Field-wide Interferene Nest for Understanding the Hydraulic Communication between Two Stacked Reservoirs.
SaudAramco Journal of Technology, 2010. Summer. DOIL: 10.4043/20571-MS

33. Cheng Y., Wang Y., McVay D.A., Lee W.J. Practical Application of a Probabilistic Approach to Estimate Reserves Using Production Decline Data. SPE Annual
Technical Conference and Exhibition, 2005, pp. 1-13. DOI: 10.2118/95974-MS

34. Von Schroeter Th., Hollaender F., Gringarten A.C. Analysis of well test data from permanent downhole gauges by deconvolution. SPE 77688. SPE Annual Technical Conference
and Exhibition, 2002. DOIL: 10.2118/77688-MS

35. Ik D., Valko P.P., Blasingame T.A. Deconvolution of Variable-Rate Reservoir-Performance Data Using B-Splines. SPEREE, vol. 9, no. 4, pp. 582-595. DOI: 10.2118/95571-PA

36. Xiaogang Li. Processing and Analysis of Transient Data from Permanent Down-hole Gauges (PDG). PhD thesis. Heriot-Watt University. Institute of Petroleum Engineering, 2009.
37. Zheng Shi Yi., Xiaogang Li. Analyzing Transient Pressure From Permanent Downhole Gauge (PDG) using wavelet method. Heriot-Watt University. Institute of
Petroleum Engineering. Paper SPE 107521, 2007. DOI: 10.2118/107521-MS

38. Zheng Shi Yi., Xiaogang Li. Transient Pressure analysis of 4D reservoir system response from permanent downhole gauge (PDG) for reservoir monitoring, testing and
management. Heriot-Watt University. Institute of Petroleum Engineering. Paper SPE109112, 2007. DOI: 10.2118/109112-MS

39. Zheng Shi Yi., Xiaogang Li. Individual well flowing rate recovery from transient pressure with either assigned daily rate or total cumulative production of the well or
group of wells through wavelet approach. Journal of Petroleum Science and Engineering, 2009. vol. 68, no. 3, pp. 277-286. DOI: 10.1016/j.petrol.2009.06.014

40. Horne R.N. Listening to the Reservoir - Interpreting Data From Permanent Downhole Gauges. Journal of Petroleum Technology, 2007, vol. 59, no. 12, pp. 78-86. DOL: 10.2118/103513-JPT

41. Zhuoyi Li. Interpreting horizontal well flow profiles and optimizing well performance by downhole temperature and pressure data: PhD thesis. Texas A&M University, 2010.

42. Masahiko Nomura. Processing and interpretation of pressure transient data from permanent downhole gauges: PhD thesis. Stanford University, 2006.

43. 1k D., Valko P.P., Blasingame T.A. A Deconvolution Method Based on Cumulative Production for Continuously Measured Flowrate and Pressure Data. SPE 111269,
2007. DOI: 10.2118/111269-MS

44. Yoshioka K., Dawkrajai P., Romero A.A., Zhu Ding, Hill A.D., Lake L.W. A Comprehensive Statistically-Based Method to Interpret Real-Time Flowing Measurements.
Texas A&M University Report, 2007.

45. 1k D., Mattar L., Blasingame T.A. Production Data Analysis - Future Practices for Analysis and Interpretation. 8th Canadian International Petroleum Conférence. Paper 2007-174, 2007.
46. Athichanagorn S. Development of an Interpretation Methodology for Long-term Pressure Data from Permanent Downhole Gauges: PhD thesis. Stanford University, 1999.

47. Athichanagorn S., Horne R.N., Kikani J. Processing and Interpretation of Long-Term Data Acquired from Permanent Pressure Gauges. SPE Reservoir Evaluation &
Engineering, 2002, vol. 5, no. 5, pp. 384-391. DOI: 10.2118/80287-PA

48. Kuchuk F., Carnegie A., Sengul M. The Future of Reservoir Management. Middle East & Asia Reservoir Review, 2004, no. 5, pp. 51-67.

49. Konopczynski M. Intelligent well technology maximizes recovery, reduces costs. Offshore, 2003, vol. 63, no. 1, pp. 58-63.

50. Olsen S., Nordtvedt J. Experience from the use of automatic well-test analysis. SPE Annual Technical Conference and Exhibition, San Antonio, Texas, USA, September
2006. DOI: 10.2118/102920-MS

51. Shepherd C.E. et al. Use and application of permanent downhole pressure gauges in the Balmoral Field and satellite structures. SPE Production Engineering, 1991,
vol. 6, no. 3, pp. 271-276. DOI: 10.2118/20831-PA

52. Kuchuk K. et al. Decline curves from deconvolution of pressure and flow-rate measurements for production optimization and prediction. SPE Annual Technical
Conference and Exhibition, Dallas, Texas, October 2005. DOI: 10.2118/96002-MS

53. Laws M.S. et al. Permanent downhole pressure gauges help underpin feasibility of miscible gas flood. SPE Middle East Oil and Gas Show and Conference, Kingdom of
Bahrain, March 2005. DOI: 10.2118/93553-MS

54. Haddad S. et. al. A method to diagnose depletion, skin, kh and drive mechanism effects using reservoir monitoring data. SPE Annual Technical Conference and
Exhibition, Houston, Texas, September 2004. DOI: 10.2118/90032-MS.

55. Unneland T., Haugland T. Permanent Downhole Gauges used in reservoir management of complex North sea oil fields. SPE Production & Engineering, 1994, vol. 9,
no. 3, pp. 195-203. DOI: 10.2118/26781-PA

56. Jeffery J., Thomas A., Veneruso T., Unneland T. Permanent Monitoring - Looking at Lifetime Reservoir Dynamics. Oilfield review, 1995, Winter, pp. 32-46.

57. Sorkhabi R., Suzuki U., Sato D. Structural Evaluation of Petroleum Sealing Capacity of Faults. SPE Asia Pacific Conference on Integrated Modeling for Asset
Management. Yokohama, 2000, pp. 230-239. DOI: 10.2118/59405-MS

58. Spivey John P., John Lee W. Applied Well Test Interpretation. SPE Textbooks Series, 2013, vol. 13.

59. Houze Olivier, Didier Viturat, Ole Fjaere S. Dynamic Data Analysis. V 5.12. Kappa Engineering, 2017, 743 p.

60. Kuchuk F.J., Habashy T. Presssure Behavior of Laterally Composite Reservoirs. SPE Formation Evaluation, 1997. DOI: 10.2118/24678-PA

Bubnuorpadmyeckum cnmcok

1. Konroposud, A.3. I'eoTexHOJIOrUsA pa3paboTKU MecTopoxaeHuil HedTu u rasa / A.D. Konroposud, O.M. Epmunos, A.H. Jlanepau // BectHuk Poccuiickoil AkajjeMun
Hayk. — 2013. - T. 83, Ne 9. — C. 788-799. DOI: 10.7868/50869587313090041

2. Konroposuy, A.3. I'mobasibHble po6sieMbl HeTH U rasa U HOBas MapajgurMa pasBUTHUA HedTerasoBoro komisekca Poccun / A.D. Kontoposuu // Hayka u3 mepBbIX
pyk. — Nel. — 2016. — C. 6-17.

3. Xaduzos, ®.3. Hedprs u ra3 Tromenu / @.3. Xadpuszos; Hayd. pef. akaa. PAH A.D. Kouroposud. — TromeHb: U3A-Bo «3aypasbe», 2012. — 524 c.

4. lllnypos, U.B. HayyHo-MeToamdeckre o6ocHoBaHue 3G deKTHBHOI pa3paboTKU TPyAHOMU3BJIEKAEMBIX 3aIacoB He(pTH I0PCKUX OTJIOKeHUN 3anafgHoii CuOUpy Ha OCHOBe
JeTaJIbHOT'O Ie0JI0r0-TeXHOJIOTMIeCKOro MO/ IMPOBAHUA: ANC... A-pa TexH. Hayk / WU.B. Illmypos. — TiomeHs, 2015. - 356 c.

5. Kypuukos, A.P. XapakTepucTiKa reoJIoTHIeCKOro CTpoeHus 1 HepTerasoHOCHOCTH I0pCKOro HeTerasoHOCHOro komrulekca 3amagHol Cubupu / A.P. Kypuunkos, B.H. Bopoaxus;
3an.-Cub. prman Mu-Ta HedTerasopoii reosioruu u reodpusuxu M. A.A. Tpodumyka CO PAH. — HoBocubupck: U3patesiserso CO PAH, 2015. - 140 c.

6. 'paues, C.U. INoBrimenue 3pdeKTUBHOCTU pa3paboTKU He(DTAHBIX MeCTOPOXAEHUI FOPU3OHTAJIBHBIMU CKBaXXMHaMu: MoHorpadus / C.U. I'paueB, A.B. Crpekasos,
A.C. Camoiinos. — Tromens: TUY, 2016. — 203 c.

7.T'paues, C.H. TepmoguHaMuuecKre IPOLECCH NpH pa3paboTke HedTerazoKOHAEHCATHBIX MeCTOpoxaeHuil: MoHorpadusa / C.H. I'paues, E.M. KpacHoBa. — TroMeHb:
TioMHI'Y, 2015. - 98 c.

8. OcobeHHOCTH BBHIPAOOTKU TPYJHOM3BIIEKAEMBIX 3aracoB HehTH HEOJHOPOJHBIX KOJIJIEKTOPOB TIOMEHCKOH CBUTH (Ha mpuMepe MectopoxzeHuit OO0 «JIykoiis-
3amagHasa Cubups») / C.M. I'paues, B.B. YOquurn, B.C. Opyuun, P.P. OHycoB // WU3Bectusa TOMCKOro HOJIMTEXHUYECKOrO YHHBepcHTeTa. WHXUHUDPUHI TeOpecypcoB. —
2021. - T. 332, Ne10. — C. 192-201. DOI: 10.18799,/24131830,/2021/10/3172

9. 'paues, C.H. UHTepnpeTanus pe3ybTaTOB TPAaCCEPHBIX HCCJIeJOBAHUI C yueToM KOHBeKTHBHOro maccomepenoca / C.H. I'paues, B.A. Koporenko, A.B. KpsakBuH //
3anucku 'opHoro uHeturyTa. — 2019. - T. 236. — C. 185-193. DOI: 10.31897/PMI1.2019.2.185

10. I'paues, C.H. TeopeTuyeckue W MPUKJIAJHbIE OCHOBbl CTPOMTEJILCTBA IMOJIOTMX M TOPU3OHTAJIbHBIX CKBAXUH Ha CJI0XHOMOCTPOEHHBIX HE(TAHBIX MECTOPOXIEHUAX:
cnenpasnbHOCTD 05.15.10. BypeHue ckBaXuH : AuC... A-pa TexH. Hayk / C.U. I'paues; TIoMeHCKUII rocyJapCTBEHHBII HedTera3osslil yHuBepcuteT. — Tiomens, 2000. — 316 c.

11. I'paues, C.M. HccienoBaHHs KaHAJIOB CBEPXIIPOBOJUMOCTEH MeXCKBaXHUHHOro mpocrpaHcrsa / C.H. I'padeB, A.B. Crpekanos, A.T. XycauHo // Hedpts u ras:
TioMeHCKUI HHAYCTpUasbHBIN yHuBepcuTeT. — 2016. Ne 5, — C. 46-56. DOI: 10.31660/0445-0108-2016-5-46-56

12. I'payes, C.H. [leTepMHUHUPOBAHHbIE 1 CTOXAaCTU4IeCKHe MOEJIH AJiA KOHTPOJIA U peryIlpoBaHuA THAPOCHCTeM HeTAHBIX IPOMBICJIOB : MOHorpadus: B 2 T. / C.1. I'paues,
A.B. Crpekasios, A.T. XycauHos. - Tiomens: TUY, 2016. — T. 1. — 396 c.

13. TlporpaMMHbIN KOMIUIEKC THAPOAMHAMUYECKOTO MOJeJIMPOBAHMUA NPUPOAHBIX U TeXHUYeckux cucreM «Hemesupa I'mapacum»: CBUJETEIBCTBO O IOCYAAPCTBEHHOM
perucrparuu nporpammsl OBM No2014614505.2014 / C.H. T'paues, A.B. CTpekasos.

14. Bo3MOXHOCTb omnpejieieHds (UIbTPalMOHHBIX IapaMeTpOB AW3bIOHKTUBHBIX HapylleHUH Ha He(QTAHBIX MeCTOPOXAEHMAX IO JaHHBIM T'MAPOJUHAMUYECKUX
uccyieoBaHuil mwiactoB u ckBaxuH / C.I'. Bosbnun, U.B. Apanackus, B.A. I0qun, H.IT. Edumosa. — M., 2018. — 262 c.

15. I'paues, C.H. [leTepMHUHUPOBAHHBIE 1 CTOXACTHYECKHE MOJEN AJIA KOHTPOJIA U peryJIMpoBaHUA MMApOcUcTeM He(dTAHBIX IPOMBICJIOB: MOHorpadus: B 2 1. / C.H. I'paues,
A.B. Crpexkaios, A.T. XycanHos. — Tiomens: THY, 2016. T. 2. - 156 c.

16. Kosasienko, M.B. Pa3paboTka HH3KOIPOHMIAEMBIX KOJUIEKTOPOB He(TH U ra3a IOPH3OHTAJIBHBIMEI CKBXXMHAMU C MHOTOCTaJMIHBIM TuapopaspeiBoM / WU.B. KopaseHko,
C.K. Coxomiko, C.H. I'paueB. — MoHorpadus. — Tiomens: TUY, 2020. — 162 c.

17. Kosanenko, U.B. TupoanHaMuyeckue MCcae0BaHNs FOPU30HTAIbHBIX CKBAXXWH C MHOTOCTAAMIHBIM MMAPOPa3phIBOM IIacTa IpU pa3spaboTKe HU3KONPOHUIIAEMBIX
KOJ171eKTOpoB : MoHorpadus / U.B. Kosasnenko, C.K. Coxomxko, C.W. I'paues. — Tiomens: TUY, 2020. — 162 c.

18. MeroauuecKye OCHOBBI ITOCTPOEHUs, aKTyaIM3alluy M OL[eHKH KadyecTBa IUGPOBHIX MOZesiell MeCTOPOXAEHUN ¢ 3ajiexaMu rasa : MoHorpadusa / C.A. KupcaHos,
P.®. Illapadytaunos, C.H. I'paues, A.C. Camoiinos. —Tromens: UIIL] Dxcnpecc, 2021. — 161 c.

19. I'paues, C.W. Annpokcumaiys npouspoaHou ¢ynkuuu Bakes-Jleseperra / C.W. I'paues, AM.AT. XaiipyinuH, As.Am. Xalipyius // Hepranoe xossiicto. — 2019. —
No 2. — C. 44-48. DOI: 10.24887/0028-2448-2019-2-44-48

20. T'pauep, C.M. ®ubTpanya XUAKOCTEH B aHOMasbHBIX KosulekTopax / C.M. I'paues, AM.AT. XaiipysumH, A3. Am. Xaiipy/uiH // U3BecTuss TOMCKOTO MOJIMTEXHHYECKOTO
yHuBepcuTeTa. MHxuHUpUHT reopecypcos. — 2019. — T. 330, Ne 7. — C. 104-113. DOI: 10.18799,/24131830,/2019/7/2183

21. I'paueB, C.H. HccnemoBaHue BiuAHUA TpaHchopmanum AByx¢dasHoil ¢uipTpanuu Ha (opMupoBaHue 30H HeBHIpaOOTaHHBIX 3amacoB Hebrtu / C.U. I'paues,
B.A. Kopotenko, H.II. Kymakosa // 3anucku I'opHoro uncruryta. — 2020. — T. 241. — C. 68-82. DOI: 10.31897/PMI.2020.1.68

HEAPOMOJIb3OBAHUE

DEVELOPMENT AND OPERATION OF OIL AND GAS FIELDS




PERM JOURNAL OF PETROLEUM AND MINING ENGINEERING

22. OueHka BJIMAHMA IPaJYEHTOB BOJOHACHILEHHOCT! U KalWUIAPHOTO JaBJieHNA Ha (GOpMUpPOBaHYe pa3Mepa 30HbI JBYX(ba3HOH GIIIbTpaLK B CKUMaeMOM HU3KOIPOHULIAEMOM
xosutekrope / C.W. I'paues, B.A. Koporerxko, H.IT. Kymakosa, C.®. MysasuH // 3armucku ['opHoro uHcTuTyTa. — 2020. — T. 245. — C. 428-438. DOIL: 10.31897/PMI.2020.5.9

23. I'paues, C.HU. T'eosioro-pusuueckrie 0COOEHHOCTH Pa3paboOTKU CJIaOOKOHCOJUANPOBAHHBIX KOJIJIEKTOPOB Bsskoi Hedrtu / C.HU. I'paue, U.P. Unbscos // WUsBecTusa
TOMCKOT0 NMOJIUTeXHUYeCKOTro yHIBepcuTeTa. MHXUHUPHUHT reopecypcoB.— 2021. — T. 332, Ne2. — C. 153-165. DOI 10.18799/24131830/2021/02/3052

24. Tpaues, C.U. TIpoeKTUpOBaHKe TPaeKTOPUM TOPH3OHTAJIBHOI CKBaXMHBI X GOKOBOIO CTBOJIA C HCIIOJIb30BAHKE I'e0JIOrO-THAPOJNHAMIYECKOl MO CJI0KHONOCTPOEHHOM
3asiexut / C.U. I'paues, [I.A. Xopanosuy, C.K.Coxomko // Hedrsanoe xo3siicTBo. — 2021. — Ne 9. — C. 56-59. DOI: 10.24887,/0028-2448-2021-9-56-59

25. McenejoBaHNe BJIMAHUSA MOJBIKHOCTH JBYX()a3HOro IOTOKA B KOJUIEKTOPE HIDKHEKOMCKOII CBUTHI Ha CHIDKeHMe koddouuumenra npogykrusHoct / C.H. Ipaues,
10.B. 3emnos, A.®. Cemenenko, [I.B. AkunuH // HedTaHoe xozdaiicTBo. — 2022. — Ne 2. — C. 85-87. DOI: 10.24887/0028-2448-2022-2-85-87

26. Kumar, S. Multi-Disciplinary Approach to Fault Seal Integrity Analysis: A Case Study from Jambusar Field Cambay Basin, India / S. Kumar, M. Sahoo,
S.K. Chakrabarti // 10th Biennial International Conference & Exposition. — 2013. — P. 058.

27. Wang, Chao. The lower limit prediction method of fault lateral sealing and its application in the sand-shale interbed / Chao Wang, Yingjie Dong // IOSR Journal of
Engineering (IOSRJEN). — 2016. — Vol. 06. issue 05. — P. 14-16.

28. Arps, J.J. Analysis of Decline Curve / J.J. Arps // Trans AIME. — 1945. — Vol. 160. — P. 228-247.

29. Decline Curve Analysis Using Material Balance Tame / D.E. Doublet, P.K. Oande, T.J. McCollum, T.A. Blassingame // Paper SPE 28688. — 1994. — P. 1-23.
DOI: 10.2118/28688-MS

30. Blassingame, T.A. Type Curve Analysis Using the Pressure Integral Method / T.A. Blassingame, J.L. Johnston, W.J. Lee // Paper SPE 18799. Presented at the SPE
California Regional Meeting held in Bakers Field. — 1989. DOI: 10.2118/18799-MS

31. Landa, J.L. “A Procedure to Integrate Well Test Data, Reservoir Performance History and 4-D Seismic Information into a Reservoir Description” / J.L. Landa,
R.N. Horne // Paper SPE, presented at the 1997 Annual Technical Conference. — San-Antonio, Texas, 1997. DOI: 10.2118/38653-MS

32. Field-wide Interferene Nest for Understanding the Hydraulic Communication between Two Stacked Reservoirs / B.I. Al-Quaimi, J. Ansah, M.A. Al-Shehab, F.A. Al-
Ajmi // SaudAramco Journal of Technology. —~2010. — Summer. DOI: 10.4043/20571-MS

33. Practical Application of a Probabilistic Approach to Estimate Reserves Using Production Decline Data / Y. Cheng, Y. Wang, D.A. McVay, W.J. Lee // SPE Annual
Technical Conference and Exhibition. — 2005. — P.1 — 13. DOIL: 10.2118/95974-MS

34. Von Schroeter, Th. Analysis of well test data from permanent downhole gauges by deconvolution / Th. Von Schroeter, F. Hollaender, A.C. Gringarten // SPE 77688. —
SPE Annual Technical Conference and Exhibition. — 2002. DOI: 10.2118/77688-MS

35. 1k, D. Deconvolution of Variable-Rate Reservoir-Performance Data Using B-Splines / D. Ik, P.P. Valko, T.A. Blasingame // SPEREE. — 2006. — Vol. 9, Ne4. — P. 582-595.
DOI: 10.2118/95571-PA

36. Xiaogang, Li. Processing and Analysis of Transient Data from Permanent Down-hole Gauges (PDG) / Li. Xiaogang // PhD thesis. — Heriot-Watt University. — Institute
of Petroleum Engineering. — 2009.

37. Zheng, Shi Yi. Analyzing Transient Pressure From Permanent Downhole Gauge (PDG) using wavelet method / Shi Yi. Zheng, Li. Xiaogang // Heriot-Watt University. —
Institute of Petroleum Engineering. —Paper SPE 107521. — 2007. DOI: 10.2118/107521-MS

38. Zheng, Shi Yi. Transient Pressure analysis of 4D reservoir system response from permanent downhole gauge (PDG) for reservoir monitoring, testing and management /
Shi Yi. Zheng, Li. Xiaogang // Heriot-Watt University. — Institute of Petroleum Engineering. — Paper SPE109112. — 2007. DOI: 10.2118/109112-MS

39. Zheng, Shi Yi. Individual well flowing rate recovery from transient pressure with either assigned daily rate or total cumulative production of the well or group of wells through
wavelet approach / Shi Yi. Zheng, Li. Xiaogang // Journal of Petroleum Science and Engineering. — 2009. — Vol. 68(3). — P. 277-286. DOI: 10.1016/j.petrol.2009.06.014

40. Horne, R.N. Listening to the Reservoir—Interpreting Data From Permanent Downhole Gauges / R.N. Horne // Journal of Petroleum Technology. — Vol. 59. Nel2. — P.78-86.
DOI: 10.2118/103513-JPT

41. Zhuoyi, Li. Interpreting horizontal well flow profiles and optimizing well performance by downhole temperature and pressure data: PhD thesis / Li. Zhuoyi. — Texas
A&M University, 2010.

42. Masahiko, Nomura. Processing and interpretation of pressure transient data from permanent downhole gauges: PhD thesis / Nomura. Masahiko. — Stanford University — 2006.

43. 1k, D. A Deconvolution Method Based on Cumulative Production for Continuously Measured Flowrate and Pressure Data / D. Ilk, P.P. Valko, T.A. Blasingame //
SPE 111269. - 2007. DOI: 10.2118/111269-MS

44. A Comprehensive Statistically-Based Method to Interpret Real-Time Flowing Measurements / K. Yoshioka, P. Dawkrajai, A.A. Romero, Ding Zhu, A.D. Hill, L.W. Lake. —
Texas A&M University Report, 2007.

45. 1Ik, D. Production Data Analysis — Future Practices for Analysis and Interpretation / D. Ilk, L. Mattar, T.A. Blasingame // 8th Canadian International Petroleum
Conference. — Paper 2007-174. — 2007.

46. Athichanagorn, S. Development of an Interpretation Methodology for Long-term Pressure Data from Permanent Downhole Gauges: PhD thesis / S. Athichanagorn. —
Stanford University, 1999.

47. Athichanagorn, S. Processing and Interpretation of Long-Term Data Acquired from Permanent Pressure Gauges / S. Athichanagorn, R.N. Horne, J. Kikani // SPE
Reservoir Evaluation & Engineering. — 2002. — Vol. 5, No5. — P. 384-391. DOI: 10.2118/80287-PA

48. Kuchuk, F. The Future of Reservoir Management / F. Kuchuk, A. Carnegie, M. Sengul // Middle East & Asia Reservoir Review. — 2004. — Ne5. - P.51 - 67.

49. Konopczynski, M. Intelligent well technology maximizes recovery, reduces costs / M. Konopczynski // Offshore. — 2003. - Vol. 63, Ne 1. — P.58 - 63.

50. Olsen, S. Experience from the use of automatic well-test analysis / S. Olsen, J. Nordtvedt // Paper SPE 102920. — 2006. DOI: 10.2118/102920-MS

51. Use and application of permanent downhole pressure gauges in the Balmoral Field and satellite structures / C.E. Shepherd [et al.] // SPE Production Engineering. —
1991. - Vol. 6, Ne3. - P. 271-276. DOI: 10.2118/20831-PA

52. Decline curves from deconvolution of pressure and flow-rate measurements for production optimization and prediction / K. Kuchuk [et al.] // Paper SPE 96002. — 2005.
DOI: 10.2118/96002-MS

53. Permanent downhole pressure gauges help underpin feasibility of miscible gas flood / M.S. Laws [et al.] // Paper SPE 93553. — 2005. DOI: 10.2118/93553-MS

54. A method to diagnose depletion, skin, kh and drive mechanism effects using reservoir monitoring data / S. Haddad [et. al.] // Paper SPE 90032. — 2004.
DOI: 10.2118/90032-MS

55. Unneland, T. PDGs used in reservoir management of complex North sea oil fields / T. Unneland, T. Haugland // SPE Production & Engineering. — 1994. — Vol. 9, Ne3. —
P. 195-203. DOI: 10.2118/26781-PA

56. Permanent Monitoring - Looking at Lifetime Reservoir Dynamics / J. Jeffery, A. Thomas, T. Veneruso, T. Unneland // Oilfield_review. — 1995. Winter. — P. 32-46.

57. Sorkhabi, R. Structural Evaluation of Petroleum Sealing Capacity of Faults / R. Sorkhabi, U. Suzuki, D. Sato // SPE Asia Pacific Conference on Integrated Modeling for
Asset Manager. — Yokohama, 2000. - S. 230-239. DOI: 10.2118/59405-MS

58. Spivey, John P. Applied Well Test Interpretation / John P. Spivey, W. John. Lee // SPE Textbooks Series. — Vol. 13. — 2013.

59. Houze, Olivier. Dynamic Data Analysis. — V 5.12. / Olivier. Houze, Viturat Didier, S. Ole Fjaere. — Kappa Engineering, 2017. — 743 p.

60. Kuchuk, F.J. Presssure Behavior of Laterally Composite Reservoirs / F.J. Kuchuk, T. Habashy // SPE-24678-PA. — 1997.

Funding. The study had no sponsorship.
Conflict of interest. The authors declare no conflict of interest.
The authors' contribution is equivalent.

HEAPOMNOJIb3OBAHUE



