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Abstract

Purpose. Research is aimed at integrating multi-stage hydraulic fracturing in horizontal wells with hydrodynamic simula-
tion as a mandatory part of planning the mining of any shale oil or gas reservoir.

Methods. Geological and hydrodynamic reservoir modeling is part of the research. The properties and geometries of the
hydraulic fracture network and its representation in the dynamic reservoir model were assessed. The comparative characteriza-
tion was carried out based on the two methods of fracture modeling: cell dimension reduction for explicit fracture modeling
(LGR — local grid refinement) and implicit fracture modeling method, presented in this paper, with additional pseudo-
connections between well and reservoir.

Findings. A hydrodynamic model for low-permeable reservoir, produced by horizontal well, hydraulically fractured with
5 stages, has been generated. This model is calibrated to the production history and flowing bottom hole pressure by applying
two methods of fracture modeling. Modeling results show that it is possible to replicate historical well production by using
both methods. However, the proposed method with pseudo connections has several advantages compared to the generally
accepted, local grid refinement (LGR) method.

Originality. For the first time, a system of pseudo connections between well and reservoir was constructed to model a mul-
ti-stage hydraulic fracturing for a hydrodynamic model of tight reservoir. Hydrodynamic simulation results were refined and
calibrated to the history of hydrocarbon production and flowing bottom hole pressure data using the pseudo-connections and
LGR methods. The similarity of the results by applying LGR and pseudo-connections methods was revealed.

Practical implications. The use of pseudo connections for hydraulic fracturing modeling can reduce simulation run time for
cases where multi-stage hydraulic fracturing has already been carried out or is planned in the future. Additionally, the use of this
method allows testing a larger number of realizations and scenarios, including hydraulic fracturing design (number of stages,
size and conductivity of resulted fracture systems, fracture orientation, etc.), well placement and fracture growth relative to well
trajectory. Also, there is no need to rebuild a model every time for each realization, as is the case with the LGR method.

Keywords: modeling, multi-stage fracturing, reservoir, gas, filtration

1. Introduction

The development of horizontal drilling and multi-stage
hydraulic fracturing has had a significant impact on the ex-
pediency of developing tight oil and gas fields in a cost-
effective manner. In addition, the possibility of performing
fracture diagnostic to predict their geometry, properties and
integration into commercial reservoir simulators that can
consider non-Darcy flow and Langmuir’s isotherm, along
with their further development, have provided a comprehen-
sive basis for field management optimization.

The advent of various diagnostic tools for fracture system
assessment, such as microseismic [1], [2] has proved that it is
possible to determine the geometry of the resulting complex
fracture systems formed after multi-stage fracturing. Addi-
tional experimental studies have shown that the shape of
each specific fracture can also be complex, non-uniform,
with different apertures [3], [4]. Since the presence of frac-
tures has a significant impact on filtration of reservoir fluids
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in porous media, it is important to correctly assess and model
their impact on well productivity. However, the issue of
realistic modeling of complex geometry fractures still
exists [5]. The main challenge arises during integration of
defined fracture properties (height, half length, asymmetry,
conductivity) with hydrodynamic simulator to assess the
productivity of the wells and their predicted cumulative pro-
duction values. According to [6], the classic method of inte-
gration is to use the dimensional reduction of the grid cells in
the hydrodynamic model for explicit fracture representation
(LGR — local grid refinement). This method requires re-
gridding for the hydrodynamic model at each multi-stage
fracturing realization. The authors tried to semi-automize
gridding process using build-in logic commands, but the
dimensions of the static model cannot be changed over time,
since this is a static property of the model. Therefore, when
wells are put into production in sequence and with associated
hydraulic fracturing, grid dimensions are set from the begin-
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ning of simulation run till the end and cannot be changed.
This greatly increases the simulation run time and compli-
cates it. Another limitation of the LGR method was encoun-
tered by the author [7] during the simulation of transient well
tests, which were carried out in different time periods. This
limitation is associated with constant fracture parameters that
cannot be changed over time. This is especially critical for
acid hydraulic fracturing in carbonate reservoirs when frac-
ture closure can occur during first months after stimulation.
So, it is currently impossible to change the fracture configu-
rations over time or to carry out repeated hydraulic fracturing
operations for one well within the same dynamic model. A
similar situation is associated with more complex methods of
explicit fracture models, such as unstructured gridding [8].
Unstructured geological models consist of non-orthogonal
cells, whose geometry and properties also have static values
and cannot be changed over time. In addition, most commer-
cial dynamic simulators do not support this type of grids and
their usage for large fields is not rational.

To simulate dual porosity and permeability models, rough
approximation is used, which does not allow fully consider
the conductivity of complex geometry fracture systems. This
is primarily due to the interaction between matrix and frac-
tures. Therefore, the discrete-fracture model (DFM) is used,
which is based on the finite-difference method. The essence
of this method is to duplicate each cell of the geological
model to separately represent matrix and fracture properties.
Since there is a doubling of the total number of the cells and
the exchange of masses between the matrix and fractures is
slow, the simulation run time increases significantly [9]. This
type of hydraulic fracturing modeling is relevant for dynamic
models of the single well, while it is much more difficult to
implement it for a large reservoir with many wells [10].

The main purpose of this paper is to test proposed alter-
native method for hydraulic fracturing modeling by conside-
ring fracture properties and integrate them into dynamic
reservoir model on the real well example introducing pseudo
connections. Developed method aims to minimize the limita-
tions of the classical LGR method and verify results obtained
by both methods, reduce simulation run time and possibility
of using the time function for fracture attenuation effect.

2. Materials and methods

2.1. Methods

Hydraulic fracturing is the dominant technology in the
development of tight oil and gas reservoirs. The developed
tools for fracture propagation modeling made it possible to
simulate complex fracture systems in classical hydrodynamic
simulators. Hydraulic fracturing technology enables cost-
effective development of low-permeable reservoirs. How-
ever, interaction between fractures and matrix is a very com-
plex process, the modeling of which requires taking into
account a large number of variables, which in most of cases
are uncertain. Many different technologies have been deve-
loped to model fluid filtration between a fracture and matrix,
but most of them are based on finite-difference simulators
and are limited by the dimensionality of geological models,
computing hardware, and simulation run time. The basis of
such solution is an analytical dependence that approximates
the fracture as a separate rectangular reservoir, which con-
tains only one phase and is homogeneous. In this case, the
fracture is bounded by a given geometrical approximation
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(the cell of the simulation model). The properties of a given
fracture are controlled by the value of the permeability mul-
tiplier for a given cell. The limitation of this method is that a
cell can have only one average permeability and porosity
which are constant values throughout the simulation period.

An alternative solution is to use effective well bore radius
to model fracture implicitly. The increase in effective
wellbore radius after hydraulic fracturing can be used in
dynamic simulators to simulate well stimulation. Figure 1
shows schematically how the interaction between matrix and
fracture is simplified using the concept of effective well bore
radius increase.

(a) (b)
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Figure 1. Industry reference methods for fracture modeling:
(a) interaction between matrix and fractures; (b) effect-
tive well bore radius increase

Most of analytical solutions [11], [12] were in one or
another way based on the concept of increased effective well
bore radius. The equation for the dependence of the skin factor
on the fracture conductivity can be represented as follows:

1.65-0.328-u +0.116-u* —In[ j

" 140.018-u+0.064-u? +0.005-u>
where:

St — skin factor of the formed fractures;

xf — fracture half-length, m;

rw — effective well bore radius, m,

u=In(Fe);

Fc1 — dimensionless conductivity of the fractures, which
is determined as follows:

xf

rw

S (1)

ka _ kf 'Wp
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where:

kwt — fracture conductivity;

k: — fracture permeability, mD;

wj — average fracture aperture, m;

k — reservoir permeability, mD.

While using Equations (1) and (2), effective well bore ra-
dius can be calculated as follows:

Twe =y e

®)

Most commercial dynamic simulators calculate the well
bore productivity index (PI) using the effective well bore
radius. Therefore, in this case, the impact of fracture is calcu-
lated only in the form of a multiplier to well productivity,
ignoring the physical and explicit modeling of the fracture-
matrix interaction process. The influence of reservoir hetero-
geneity and the geometry of the fracture itself are also not
considered, when using this methodology.

This paper proposes an alternative method for fracture
modeling using a standard commercial hydrodynamic simu-
lator, which considers reservoir heterogeneity in lateral and
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vertical direction, the influence of fracture geometry on the
resulting well productivity. The main difference from classi-
cal modeling, using Local Grid Refinement (LGR), is the
creation of additional pseudo well — reservoir connections in
the cells through which the fracture plane passes after
hydraulic fracturing, taking into account its parameters.
The following are the basic principles and differences
between the two methods.

2.1.1. Local grid refinement (LGR) method
for geological model

This method allows changing the dimension of the simu-
lation grid around the well or in a certain part of the model
for a more detailed description of filtration processes.
Change in the grid dimension can be done both vertically and
horizontally. However, LGR will cause additional difficulties
in the calculation and increase the simulation run time. This
is due to the determination of transmissibility and filtration
between cells, which are very different in pore volume. This
calculation is performed automatically by a dynamic simula-
tor. Process is characterized by the throughput ratio of the cell
during the filtration of fluid through it. Only one pore volume
of fluid can pass through the cell per timestep. Because of this,
the simulator is forced to reduce the simulation run time.

Usually, filtration-capacitance parameters of the refined cells
are automatically assigned from the global cells (cells of the
initial size). Figure 2 shows an example of a local grid refine-
ment in the grid cells dimension for a horizontal well to repro-
duce the fracture geometry after 5-stage hydraulic fracturing.

. g v
SRR
N A AKX

Figure 2. Local grid refinement to reproduce fracture geometry

w

Transmissibility between refined and global cells is au-
tomatically calculated by the dynamic simulator. The calcu-
lation is performed separately for projections by X-, Y- and
Z- axes along the intersection between 2 grid cells. The dis-
tance from the center of each cell to the intersection is also
calculated for both cells to take into account the correction
factor due to the angle of cell inclination.

Transmissibility on the X-axis is calculated using the fol-
lowing Equation:

Cd - TMX;
M= @
7+7
ToT;
where:
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T, — transmissibility between cell i and j on the X plane.
Cd — Darcy constant (y cucremi CI — 0.008527).
TMX; — transmissibility multiplier (by default is 1).
A-Dy
Ti = PermXi . NTGl — s

®)

where:
A — cross-sectional area of the corresponding cells i and j, m?;
PermX; — permeability tensor in the X direction, mD;
D - distance between cell center for cells i and j, m.
NTG — net to gross ratio, fraction;
If we decompose A - Dj in the equation into the projection
and distance from the center to the cell boundary, we obtain:

(A'Di)zAX'DiX+Ay'Diy+AZ'DiZ; (6)

()

Ay, Ay and A; are projections of X-, Y- and Z- of neighboring
cells i and j, respectively. Di, Diyy and D;, are distances be-
tween the cell centers. The equations for the Y and Z axes are
identical. The main calculation element is illustrated in Figure 3,
where the X-axis permeability (PEMX) is given as K.

2 2 2
(Di'Di):DiX+Diy+DiZ'

Kxi- Kxi+

Dxi

Dxj

Kxj- Kxj+

Figure 3. Schematic illustration of transmissibility calculation
between two cells

In this case, the fractures are modeled explicitly using
cells with very low dimensions and high permeability and
conductivity. Since a full-field dynamic model is used, in-
cluding lateral and vertical heterogeneity, interaction be-
tween layers, fluid, and rock properties as a function of pres-
sure, this approximation is believed to be the most realistic.
However, it requires much longer simulation run time. Local
grid refinement cannot be implemented for a specific period
(exploitation starting day or date when the hydraulic fractur-
ing was performed), so refinement is simulated for the entire
simulation period, which is a significant limitation for full
field dynamic models of a large reservoirs.

2.1.2. Pseudo well — reservoir connections method

This method is based on the fracture plane construction,
generated in software and transformed into additional con-
nections in a dynamic model, between well and reservoir
along cells through which fracture planes pass. Transmissi-
bility for these additional connections is calculated based on
the fracture properties (half length, aperture, conductivity).
The main advantages of this method are significant reduction
in simulation run time, possibility to enter connections at any
time interval of the simulation, as well as control fracture
attenuation and modify fracture properties over time.
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Since the reservoir dynamic models consist of cells, their
dimension is not always sufficient for a detailed description
of the reservoir and well location. There are situations where
well trajectory penetrates a grid cell at the cell edge, as
shown in Figure 4.

Trajectory

Perforation

Figure 4. Schematic representation of the well trajectory and grid cell

Dynamic simulators use the cell center as a reference
point to simplify the solution of partial differential equations.
In this case, each cell has single value of porosity, permeabil-
ity, saturation (oil, gas, water), pressure referenced and aver-
aged in the cell center. Similarly, the well trajectory is shifted
towards the cell center. Connection factor (CF) is used to
compensate and evaluate intersection plane between well and
grid cell. This factor is also an indicator of the quality of the
well-reservoir connection and depends on filtration-
capacitance characterization of the rock.

Equation of well inflow in a dynamic simulator is pre-
sented below. Eclipse 100 was used as a reference commer-
cial dynamic simulator. Software selection was based on
available licensing, compliance with industry reference
standards, which have been verified through testing on SPE1
to SPE10 models. It should be noted that pseudo-connections
method can be used in other dynamic simulators. The follow-
ing equation is a function of the flow rate of each phase un-
der the surface conditions:

Ap,j =Twj - Mp,j (P =Pu—Huj).

where:

Op,j — Volumetric flow rate of phase p in connection j under
surface conditions. Flow is considered as positive from reser-
voir (cell) to the well and negative during injection, m3/day;

Tw,j — transmissibility factor;

M,,j — phase mobility at the phase level, fraction;

Pj— pressure in the cell, bar;

Pw — bottom hole pressure, bar;

Hy,j— pressure difference between bottom hole pressure
and pressure in the cell, bar.

Transmissibility factor is a function of cell geometry and
its permeability. This value can be set up manually or calcu-
lated by default in simulator. In the second option, simulator
calculates it automatically, using the following Equation:

~___c-0-Kh
W In(rg/ry)+S

(8)

©)

where:
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¢ — conversion factor (0.001127 for field units, 0.008527 —
metric units and 3.6 — lab units);

6 — connection angel in radians (it is used since well con-
nection is referenced to the grid cell center, especially if well
crosses the cell at its corners);

Kh — effective permeability multiplied by effective thick-
ness, mD-m;

ro — effective well radius, m;

rw — well radius, m;

S — skin factor.

To model multistage hydraulic fracturing, using pseudo-
connections methods, a term responsible for the fracture
conductivity is added to the well inflow equation. This addi-
tional term changes resulted Kh and transmissibility between
well and reservoir, based on the fracture properties. Pseudo-
connections method has several advantages, compared to
classic LGR method — reduced simulation run time, ability to
add hydraulic fracturing at specific date and for specific time
along with variable fracture properties over time, minimized
convergence issues due to throughput ratio.

To test and verify the validity of pseudo-connections
method, a geological and dynamic model was constructed.
Several dynamic simulations were performed using both
LGR and pseudo-connections methods for well W1, on
which 5-stage hydraulic fracturing was carried out. The
modeling steps and available inputs are described below.

2.2. Geological model

During the study, one block was identified from the full
field geological model with faults framework and used for
dynamic simulation sensitivities. Block is produced by hori-
zontal well W1. Geological model and well W1 trajectory are
shown in Figure 5. Grid dimensions were selected based on
the optimal simulation run time without compromising on
results accuracy. Table 1 shows main geometrical parameters
of the static model.

Table 1. Static model dimensions
Cells (nl x nJ x nK) 163 x 199 x 235

Total number of active cells 176000
Cell size in X direction, m 85
Cell size in Y direction, m 100
Vertical resolution, m 25

2.3. Petrophysical rock properties

Reservoir A is a typical low-permeable (permeability —
0.0001-0.5 mD), low porosity (porosity — 1-8%) gas conden-
sate (CGR — 0.0003 m3/m?) reservoir. Top reservoir depth is
around 3050 m. Table2 and histograms on Figure 6 summa-
rizes ranges and distribution of such properties as porosity,
permeability, and saturation.

Table 2. Petrophysical reservoir properties

Property Minimum Maximum
Porosity, % 1.2 8
Horizontal permeability, mD 0.0001 0.5
Vertical permeability, mD 0.00001 0.05
Connate water saturation 0.13 0.42

Petrophysical parameters were determined based on available
well logs and core data from well W1 and surrounding apprai-
sal wells. Facies log (reservoir/non-reservoir flag) and porosity
log were generated as result of petrophysical interpretation.



O. Lukin, O. Kondrat. (2024). Mining of Mineral Deposits, 18(2), 113-121

PORO [U]
Porosity (v/v) 262000 260000
1 1

ZEGII'IM 254:100

P o00750 el

- 00650

— 00550
0.0450 t
Z-axis
.300350 -3000
00250 E

00150

602000 —
Y-axis

604000 —

[~ 600000

Y-axis

-3250

T T
258000 254000

Figure 5. Geological model and W1 trajectory
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Figure 6. Distribution histograms for static model: (a) porosity;
(b) permeability

Porosity distribution was done using stochastic distribu-
tion, based on well data statistics. Permeability is calculated
for each cell based on the porosity-permeability transformation
derived from the core data. Investigated reservoir is character-
ized by relatively low porosity and permeability values, but
has a thickness of around 70 m and a large lateral extend,
which can be correlated by signature in logs from drilled wells.
Mainly, such type of reservairs is not consi-dered as perspec-
tive in Ukraine, due to their low properties (below cut off).
However, they may still contain a large hydrocarbon reserves.
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2.4. Reservoir fluid

Initial reservoir conditions (pressure and temperature) are
very close to the saturation pressure (dew point), based on
PVT lab report done for bottom hole sample acquired from
well W1. Reservoir is saturated with hydrocarbon — 75% of
methane (CHa), 8% of ethane (C;Hs) and 5% propane
(CsHs), heavy fractions Cz+ around 6%. CO; and N, content
are 3 and 0.12%, respectively.

Phase diagram and reservoir temperature (134°C) are
presented in Figure 7. Tuned Equation of state was exported
as black oil tables (viscosity, formation volume factor and
condensate gas ratio as a function of pressure). Black oil
model was used for simulation. Initial reservoir pressure is
around 340 bar.

-120 -80 -40 0 40 80 120 160 200 240 280
o polunl I TP TP VT P Yo YT YT PP TP TP POt PP TR VT TP
o et -~ LS
LE - e S
] v S b
o . F o
W - L
o™ ¥ \ =]

b , b

3 #a.65.221.57) ]

o: Fa ]
=R /' '8
g; ] / ]

- b ]

i / .
§8: / g
B I . i°
@ /

L - / v F
Lo \la

8- / r3

] Vi

q P \ b

i $o ]

= Ao Lo

k! ¥ 50% 1fe

i o I

. .n"/ P

RS S — . e ©

-120 -80 -40 0 40 80 120 160 200 240 280

Temperature, [degC]

Symbol legend
—=+— Sample 1 Bubble Point Line -

Sample 1 Iso-temperature

—— Sample 1 Dew Point Line Sample 1 Vapour Fraction Line

+  Sample 1 Critical Point

Figure 7. Reservoir fluid phase diagram

Black line in Figure 7 represents isothermal reservoir
pressure depletion. Under initial reservoir pressure of
340 bars, reservoir fluid is single-phase (100% gas). When
the reservoir pressure drops to 300 bars, condensate drops
out from gas phase.

This leads to partial blockage in the pore volume and gas
relative permeability decrease due to liquid phase presence.
The gas oil ratio (GOR) is 5500 sm%sm?, so the impact of
condensate drop out on well productivity is minimal after
multi-stage fracturing.
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2.5. Well model

Well W1 has a measurement depth (MD) of 6400 m,
of which only 1500 m is a horizontal section. Well has
6.6-inch casing and 5 perforated intervals, which are on the
equal distance between each other. Well completion is pre-
sented in Figure8. Historical gas production and measured
flowing bottom hole pressure after 5-stage hydraulic fractur-
ing are shown in Figure 9.

Depth (m) 1

B
e
'7,1
Figure 8. W1 trajectory and completion
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Observed data, W1, Bottom hole pressure
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Figure 9. Historical conditions of well operation: (a) flowing bottom
hole pressure data, bar; (b) production gas rate, sm?
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Well has relatively high initial gas production rate of
250 Msm3/d, followed by a sharp decline and subsequent
stabilization, which may indicate slow fluid flow beyond the
stimulated reservoir volume (SRV). To test the feasibility of
using pseudo-connections method, two similar dynamic
models were constructed and calibrated to the historical
conditions of well operation (production rates and pressures).
For the first model, LGR was used to model hydraulic frac-
tures, while for the second one — pseudo connections.

3. Results and discussion

For the constructed dynamic reservoir models, a 5-stages
hydraulic fracture was simulated for well W1. Distance be-
tween stages is uniform — 250 m. All fractures are characte-
rized by similar half-length of 250 m and same aperture and
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conductivity. Visualization of resulted fracture planes for

N\

both methods is presented in Figures 10 and 11.

i=HETT

Figure 10. Resulted fractures created by Local grid refinement

Figure 11. Fracture planes created by pseudo-connections

Thus, Figure 10 zooms on the fracture, represented by a
cell of few cm and characterized by a high permeability
value (calculated from the estimated fracture properties and
geometry). This type of fracture modeling is static, and the
fracture properties cannot be changed over time, since the
cell permeability is a static property of geological grid. Local
grid refinement can be applied only once and will be valid
for the entire simulation run. Figure 11 shows the fracture
planes from hydraulic fracturing that intersects grid cells
perpendicularly to the well trajectory. Each cell penetrated
by a fracture plane will be connected to the well bore by a
pseudo-connection. Connection factor (CF) for such connec-
tions is based on the fracture properties.

Two alternative simulations were performed and calibrated
to production history and flowing bottom hole pressure trend
using both fracture modeling methods. Resulted plots are
almost identical and presented in Figures 12 and 13. It should
be noted that difference in bottom hole pressure trends is relat-
ed to the convergence issues. As in LGR case, since fracture
cells are much less, comparing to the neighboring cells, simu-
lator requires higher number of non-linear iterations to solve
flow equations and satisfy material balance error convergence
criteria. If pseudo connections are used, flow equations are
solved for more uniform cells. This minimizes necessity to
shorten simulation timestep due to the higher throughput ratio.
Resulted CPU time for LGR is 4715 sec, while for the case
with pseudo connections is only 1953 sec. Also, LGR method
generates non neighboring connections (NNC) between the
cells that have big differences in pore volume. This connec-
tions type is not physical as flow is calculated even for the
cells that are not geometrically connected. LGR method can-
not be used for other geological realization without re-gridding
and changing grid dimension for a new model. At the same
time pseudo connections can be used for any geological reali-
zation without additional manual gridding.
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Pressure distribution along fracture planes for both cases,
at the last historical timestep, is presented in Figures 14 and
15. Used PVT model is characterized by a dry gas with low
condensate gas ratio. As continuation of this publication, it is
planned to focus on the condensate gas ratio variation and its
influence on well productivity due to the condensate banking.

The authors of [13] investigated the possibilities to opti-
mize and improve LGR methodology for hydraulic fracturing
modeling. However, they concluded that improvement is pos-
sible only through a new user interface that will allow auto-
matically or semi-automatically perform gridding to introduce
refined cells in the static model. Similar conclusion was de-
rived from [14], where the main bottleneck of LGR method is
characterized as a lack of integration into uncertainty and
optimization workflows. In this publication, a plug-in for a
geological software platform has been developed that allows to
re-build grid refinements for different static realizations.

119

Figure 14. Pressure distribution at the end of the simulation run
for LGR

From other side, pseudo connections can be easily inte-
grated into any uncertainty workflow as it does not require
changing dimensions of geological models and only calculates
connection factors based on reservoir and fracture properties.
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Figure 15. Pressure distribution at the end of the simulation run
for pseudo connections

However, pseudo connections have also several issues.
For example, hydraulic fracture approximation by a connec-
tion factor fully ignores matrix — fracture interaction. This
effect is very important especially for naturally fractured
reservoir. A study [15] conducted for naturally fractured
reservoirs shows that sigma parameter (interaction level and
volume transaction between matrix and fracture) has a major
impact on cumulative production rates. Tornado analysis
conducted for more than 200 realizations ranked the Sigma
parameter as the third most influential. Pseudo connections
method can be used for quick assessment of well productivi-
ty based on fracture properties without compromising the
accuracy of results, compared to LGR method. However, it
is just an approximation that requires a detailed analysis of
fracture parameters for each specific scenario.

4. Conclusions

Alternative method for hydraulic fractures modeling in
dynamic reservoir simulation is presented and validated. Two
simulation models were constructed, run and calibrated to
historical production and pressure profiles using local grid
refinement and pseudo connections. Calibrated historical
operating conditions for W1 well reproduced by both meth-
ods prove validity of pseudo connections. This method has
several advantages comparing to LGRs: reduced simulation
run time, uniformity of the results, user friendly application
and repeatability for any other geological realization, possi-
bility to introduce hydraulic fractures in a certain simulation
timestep and apply attenuation effect as a function of time by
adjusting connection factor values.

The pseudo connections method in dynamic reservoir
simulation and connection factor modification is sufficient
and accurate method for a quick analysis of incremental
production after multi-stage hydraulic fracturing in tight
reservoirs. This allows for faster results compared to the
LGR method. This method can also be used to calibrate the
simulation results to production history and pressure trends.
However, when fracture level physics, such as condensate
banking caused by high-condensate gas ratio, fractures inter-
ference, LGR provides a much more accurate estimate due to
numerical dispersion in the refined cells of smaller size.

Classical LGR method requires access to additional soft-
ware licenses, while pseudo connections can be used manual-
ly in a text editor, significantly reducing the total cost of the
required software solutions. The proposed method is a valid
alternative to LGRs for multi-stage fracturing modeling in
dynamic reservoir simulation. This approach allows a larger
number of scenarios to be considered for probabilistic fore-
casting while producing results similar to more time consu-
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ming LGR method. It becomes possible to focus on more
influential parameters for resulted cumulative hydrocarbon
production and reduce uncertainty by discarding parameters
with a minimal impact.
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Arnpodanis MeToay ICeB/10 3B’A3KIB CBEPAVIOBHHA — IUIACTA JAJIS MOJCTIOBaHHSA OaraTocTajiiiHoro
TiAPOPO3PHUBY B YINIILHEHUX FA30HACHYCHHUX KOJIEKTOpPax

O. Jlykin, O. Konzpar

Merta. [HTerpauis 6ararocraaiitHoro rizpopo3puBy miacta (I'PII) B ropu3oHTanbHUX CBEpIUIOBHHAX 3 MOEIHAHHAM TigpOJUHAMIYHOL
CHMYJIALT, SIKi € HeB1JI’€MHOIO YaCTHHOIO PO3POOKH OyAb-SIKOTO YIIITEHEHOTO I'a30 Y Ha)TO HACHISHOTO KOJICKTOPA.

Metoauka. B po6oTi mpoBOAMIOCS Te0JIOTiYHE MOJENIOBaHHS KOJIEKTOPIB 3 MOOYZOBOIO TimpoarHamigHOI Moxeini. OIiHIOBaINCh
BJIACTHBOCTI Ta Te€OMETpii yTBOPEHOT Mepexi IiApoANHAMIYHAX TPIIIUH Ta perpe3eHTallis TPIuH y riipoanHaMidHiid Moaemni. ITopiBHs-
JIbHA XapaKTepUCTHKA 31HCHIOBATIACS Ha OCHOBI MOPIBHSHHS JIBOX METO/IB Pelpe3eHTallil TPIlKH, a caMe: 3arajJbHONPHUHITOTO METOLY
3MEHIICHHS PO3MIpPHOCTI ciTku rigpoanHamiunoi monemi (LGR), ta — 3amponmonoBaHoro y naHiif poOOTi MeTOIy AOAATKOBUX IICEBIIO
3B’SI3KiB CBEpAJIOBHHA — IIJIACT.

PesyabTatu. [loOynoBana rigpoaiHamMiuHa MOJENb YIIUTEHEHOTO MOKIagy A, IO PO3poOIs€ThCS TOPU3OHTATBHOIO CBEPJIOBUHOIO Ha
AKii Oysno mposeneHo 5-tu craniitne ['PII. Jlany Moaens HagamToBaHO Ha ICTOPi0 BUAOOYTKY Ta BIATBOPEHO AMHAMIKY pOOOYHMX BHOIHUX
THCKIB, BUKOPHCTOBYIOYH J1BA METOIM PEMpe3eHTalil TpiumH. Pe3ynpTat MOAEMOBaHHS MOKa3alH, 0 MOXKJIMBUAM € BIATBOPEHHS icTOpil
OCHOBHHX IIOKa3HUKIB POOOTH CBEpAJIOBHHH, BHKOPHCTOBYIOUH OOMIBa MeTOomu. [IpoTe, 3ampornoHOBaHHMN METOJ] HONATKOBHX IICEBIO
3B’SI3KIB Mae psiJ [epeBar y NopiBHsAHHI i3 kiacugauM MetogoM (LGR).

HaykoBa HoBm3Ha. Briepiie moOynoBaHO cucTeMy IICEBIO B’sI3KiB THITY CBEPJIOBHHA ILIACT JUIsl MOJeTIoBaHHs OarartoctaziiiHoro ['PIT
JUISL TIAPOAMHAMIYHOT MOJEN MOKIanxy. YTOYHEHO pe3yibTaTH TiApOoJMHAMIYHOI CHMYJIILIT Ta HAJAIITOBAHO TiIPOJMHAMIYHY MOZENH Ha
icTOpir0 BUAOOYTKY BYTJICBOAHIB Ta JHHAMIKY poO0ounX BHOIHHHMX THUCKIB 13 BUKOPHCTaHHSIM METOAy IceBao 3B’s3KiB Ta LGR. BusneHo
CXOXICTh PE3yJIBTATIB TIAPOJHHAMIYHOI CUMYJIAMIT i 9ac MonemoBanHs 5-u craniitaoro ['PII 3a merogom LGR Ta miceBno 3B’s13KiB.

IpakTnyna 3HayuMicTs. OTprMaHi pe3ysIbTaTH JO3BOJIIOTh CKOPOTUTH Yac PO3PaXyHKY OCHOBHHX HMOKA3HHUKIB pO3pOOKH yIIiIbHE-
HUX TIOKJIaJiB, HA SKUX OyJIo MpoBeneHo abo IuiaHyeTbes Oaratocramiiine ['PII, i3 BUKOpHCTaHHAM TigpOJHHAMIYHOTO cHUMyJsATopa. Kpim
I[bOTO, BUKOPHCTAHHS METOY IICEBO 3 €IHaHb JO3BOJISIE CIPOTHO3YBATH OIIBIIY KiJIBKICTh CIIEHapiiB, a came cxeM mposeaeHHs ['PII (kinb-
KICTB CTaJiii, po3Mip Ta MPOBIAHICTH TPILIMH iX Opi€HTALls), PO3MIILEHHS CBEP/UIOBUHU Ta PO3MIILEHHs TPILIMH BiTHOCHO TpaekTopii (a3u-
MYT Ta KyT), 4epe3 CBOIO YHIBEpCaJbHICTh Ta BiICYTHICTh MOTPeOU mepeOyA0BH CITKU Te€0JIOTIYHOI MOJIeNi Uil KOXKHOI OKpeMoi peatizauii,
K 11e ToTpiOHO poduTty st metony LGR.

Knruoei cnosa: mooenrosanns, 6acamocmadiiine I'PII, konexmop, ea3, ginompayis
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