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Stimulated reservoir volume (SRV) fracturing has become the most efficient
technology in the treatment of unconventional hydrocarbon reservoir
formations. This process aims to optimize well productivity by establishing
an intricate network of fractures that integrate hydraulic and natural fractures,
distal to the wellbore, thereby amplifying the contact area with the subterranean
formations and fracture systems. This study introduces a quantitative
framework designed to characterize the fracturing effects within naturally
fractured unconventional hydrocarbon reservoirs. Leveraging existing fracturing
treatment designs and production performance data, the study formulates
a mathematical model of the complex fracture network, predicated on the
principle of material balance. The model comprehensively accounts for the
development degree of natural fractures, the morphological impact of stress
differentials on the fracture network, and the imbibition displacement effects
of the fracturing fluids. The model’s accuracy is verified through an integration
with microseismic monitoring data and an enhanced understanding of reservoir
development. Building upon this foundation, the study quantitatively dissects
the impact of various engineering parameters on the efficacy of SRV fracturing.
The proposed quantitative characterization method is adept for widespread
application across multiple wells in oil and gas fields, offering a distinct
advantage for the swift and precise assessment of SRV fracturing outcomes
in naturally fractured unconventional hydrocarbon reservoirs. The research
method, which is based on readily accessible fracturing construction data and
is more convenient, can to a certain extent improve the efficiency of hydraulic
fracturing evaluation work.
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1 Introduction

The fundamental purpose of evaluating fracturing effects is
to enhance the success rate of fracturing operations, optimize
fracturing design technology, enhance post-fracturing production,
and guide production management post-fracturing (Zhang et al.,
2020; Wangetal,, 2022; Guo etal.,, 2023; Luo etal., 2024). The
evaluation of the stimulated reservoir volume (SRV) fracturing
effect entails a comprehensive assessment of the overall quality
of fracturing construction. In a broad sense, it involves a
qualitative evaluation of single well or block fracturing construction
dynamic monitoring, the alignment of process and design
during construction, long-term production performance, and
economic viability. In a narrow sense, it focuses on quantitatively
characterizing post-fracturing productivity changes, such as
SRV, fracture conductivity, and fracture density (geometrical
parameters), etc.

Over the recent years, a substantial body of research has
been dedicated to the evaluation of hydraulic fracturing within
the context of naturally fractured unconventional hydrocarbon
reservoirs. These evaluation methodologies are bifurcated into direct
and indirect approaches based on the immediacy and objectivity
of the resultant data. The direct approach encompasses the
acquisition of data through sophisticated monitoring instruments,
including microseismic fracture monitoring, isotopic tracers, and
inclinometers, to ascertain and interpret a multitude of fracture-
related parameters that are indicative of the fracturing process’s
efficacy (Liu et al.,, 2019; Eyinla et al., 2023; Wang et al., 2023). In
contrast, the indirect approach involves the inversion of fracture
geometry and conductivity parameters from production test data,
which includes the analysis of production dynamics of fractured
wells, well test evaluations, and the application of mathematical
models (Niuetal, 2019; Zhangetal., 2020; Wang et al.,, 2024).
Despite these methods, the direct approach often overestimates the
SRV in comparison to the effective stimulated reservoir volume
(ESRV) that includes a proppant pack (Li et al., 2019; Li et al., 2024).
Meanwhile, the indirect approach, with its potential for multiple
interpretive solutions, overlooks the imbibition phenomenon,
thereby introducing constraints in the precise and quantitative
characterization of SRV fracturing effects in horizontal wells within
naturally fractured unconventional hydrocarbon reservoirs.

Aiming to address these limitations, this study introduces a
novel quantitative characterization model for SRV fracturing effects
in naturally fractured unconventional hydrocarbon reservoirs,
predicated on the principles of material balance. The model is
anchored in empirical fracturing construction and production
dynamic data, and it holistically integrates the impact of natural
fracture development, stress differentials on fracture network
morphology, the imbibition displacement dynamics between the
fracture network and matrix pores, and the material balance
between the injected and produced fluid systems throughout the
fracturing and flowback phases. This model provides a quantitative
depiction and assessment of the degree of reserves production
within a given well pattern and fracture network distribution,
offering a more nuanced evaluation framework for the performance
of SRV fracturing in such complex reservoir environments.
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FIGURE 1
Physical model diagram of the fracture network propagation with
single-stage SRV fracturing.

2 Mathematical characterization
model

2.1 Physical model and assumptions

The formation process of fracture networks in unconventional
hydrocarbon reservoirs through volume fracturing is highly
complex. In the initial stages of fracture network development,
the opening of weak planes on the main fracture walls or the limited
extension of natural fractures can be disregarded, leading to the
formation of primary fractures. As the geometric dimensions of the
primary fractures increase, the pressure loss of the fracturing fluid
also rises, necessitating an increase in the construction pressure
to propagate the fractures further. At this stage, natural fractures
extensively open, resulting in the formation of secondary fractures.
Extensive research by numerous scholars has revealed that under
constant geostress conditions, the geometric configuration of
fracture networks exhibits a degree of regularity and similarity.

Based on the fluid flow and continuity equations for porous
media (Li et al., 2015; Liu, 2016; Wang et al., 2018; Fend et al., 2019),
while taking into account the interactions between the fluid and
the fractures as well as among the fractures themselves, it is
posited that the fracture network formed by the single-stage SRV
fracturing is constituted by a series of orthogonal primary and
secondary fractures that combine in a regular pattern. This network
configures into an axisymmetric elliptical cylindrical shape along
the wellbore, with the major and minor axes of the ellipse being
2a and 2D, respectively. Building on this conceptual framework, a
physical model known as the two-dimensional elliptic orthogonal
line network model (Cheng et al., 2013; Shi et al., 2014; Ren et al.,
2015; Lietal.,, 2019; Ren et al,, 2019; Zheng et al., 2023) has been
developed to encapsulate the propagation dynamics of fracture
networks with SRV fracturing in unconventional reservoirs. A visual
representation of this model is delineated in Figure 1.

The model is predicated on several key assumptions: 1) both
primary and secondary fractures extend through the entire thickness
of the reservoir, with their spatial propagation adhering to the
characteristics of the elliptic orthogonal line network model; 2)
secondary fractures are uniformly distributed in the direction of the
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horizontal principal stresses (denoted as oy for the maximum and
oy, for the minimum horizontal principal stresses), with uniform
spacing of dx and dy, respectively, and consistent fracture width; 3)
the effects of viscoelasticity and wall slip on fluid flow are neglected;
4) proppant is uniformly distributed within the fractures; and 5) the
impact of fracturing fluid filtration is disregarded.

2.2 Mathematical model description

2.2.1 Wellbore volume
According to the cylinder volume formula, the wellbore volume
can be expressed as:

V., =nLr?

w w

(1)

where V, is the wellbore volume; r,, is the wellbore radius; L

represents the drilling footage.

2.2.2 Pore volume of primary artificial fracture
According to the formula for the volume of a cuboid, the pore
volume of the primary artificial fracture is expressed as:

where V is the pore volume of the primary artificial fracture; x; is
the main fracture half-length (half of the effective fracture length),
that is, half of the long axis of the elliptical physical model; H is the
reservoir thickness of the study area; wy is the fracture width, which
satisfies the England-Green equation under plane strain condition.
The calculation formula can be given by:

2(1-v%)

5 3)

(pf_ amin)hf

where v is the Poisson’s ratio; E is the elastic modulus; hf is the

Wf:

height of the primary fractures; p; indicates net pressure within the
fractures; o,,,;, is the minimum horizontal principal stress.
2.2.3 Pore volume of secondary network fracture
The pore volume of the secondary network fracture is
determined by considering the summation of the pore area of the
secondary fractures on a given plane. This area can be approximated
asan ellipse, where the length of the major axis is equivalent to that of
the primary fracture, and the length of the minor axis is proportional
to the secondary fractures within the network. According to the
volume formula for a cylinder, the pore volume of the secondary
network fracture is calculated with the major axis (2a) and minor
axis (2b) derived from the ratio (r) of the longitudinal to transverse
lengths of the fracture network detected in microseismic monitoring
data from a single fracturing stage in the study area. Specifically,
the major axis is given by 2a = 2x; = r x 2b, where r is the aspect
ratio. The height of the secondary fracture is considered equal to
the thickness of the target reservoir (H). Consequently, the pore
volume calculation model for the secondary network fracture can
be articulated as:

_ 7mANr ,
oM

(4)

w fH

where V indicates the pore volume of the secondary network
fracture; A is the width ratio of the primary and secondary fracture,
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which is obtained from typical well coring data; N represents the
number of natural fractures within the length M of the target
reservoir segment in the study area, which can be obtained from the
imaging logging data of typical blocks.

2.2.4 Imbibition displacement volume within
matrix pores

The imbibition process, in which the fluid within all matrix
blocks is replaced, is analogous to the surface imbibition occurring
over the entire elliptical cylinder. The concept of imbibition depth
is introduced to quantify and assess the efficacy of imbibition
replacement within the matrix pores in proximity to the entire
fracture network (Wu et al., 2017a; Wu et al., 2017b; Ju et al., 2019;
Daietal,, 2020; Taoetal,, 2023). Subsequently, the model for
calculating the imbibition displacement volume can be formulated
as follows:

V,, ==xH- V- Vs—mpl(xf—d)

f

X
z (—f—d>(H—2d) 5)
r r
where V,, is the imbibition displacement volume within matrix
pores; d is equivalent imbibition depth; ¢, is the matrix porosity in
the end of imbibition replacement.

Therefore, the aforementioned Eqs 1-5 collectively constitute
the material balance equation for the fracturing injection fluid
system, which can be expressed as:

Q=V,+m(V;+V,+V,) (6)
where Q is the total amount of fracturing fluid; m is the number of
fracturing stages.

Given that the quantity of oil recovered through imbibition is
equivalent to the decrease in oil saturation within the matrix pore
volume, the material balance throughout the imbibition replacement
process can be characterized as follows:

-T2
Vm(soi - Sor) - 7fo(plsoiRo (7)
where S; and S, are the initial oil saturation of cores before
imbibition and the residual oil saturation of cores in the end
of imbibition replacement, respectively; R, is the core imbibition
recovery factor.

2.2.5 Material balance equation during fracturing
fluid flowback period

In accordance with the principle of material balance
(Moussa et al., 2020; Ren et al., 2023; Hossain and Dehghanpour,
2024), a correlation is established between the volume of fracturing
fluid injected and the subsequent alterations in formation pressure
and underground pore volume at the conclusion of the imbibition
replacement phase for the injected fracturing fluid. The material
balance equation, which accounts for reservoir elasticity during the
flowback period post-fracturing, is formulated as follows:

Qi_Vw_m(Vf+Vs) = Vcl(l_swc)(co+cc)(.p1 _pi) ®)

where Q; is the injection amount of fracturing fluid in the stage
i of horizontal well; ¢, is the compression coeflicient of crude oil;
c. is the compression factor of reservoir volume; p, is the average
formation pressure in the end of imbibition replacement; p; is the

frontiersin.org


https://doi.org/10.3389/feart.2024.1419631
https://https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org

Ren et al.

initial formation pressure; V., is the pressure sweep volume in
the end of imbibition replacement and is expressed as V ; = 4x,
(L+S)H¢,, with S being the spacing of the horizontal well; ¢, is the
porosity of the rock in the end of imbibition replacement.

Similarly, a correlation is established between the surface liquid
production of the oil well and the variations in formation pressure
and subsurface pore volume as follows:

N,B,+ W,B,, +V,, +m(Vi+ V)= V,(c,+¢)(p, - p,—p) ()

where N, and W, are the cumulative oil and water production
during the flowback period, respectively; B, and B,, are the volume
coeflicient of crude oil and formation water, respectively; p, is the
average formation pressure in the end of fracturing flowback; p; is
the pressure loss of fluid in the wellbore, and the expression is p; =
0.0028h, with h is the wellbore depth; V', is the reservoir pressure
ripple volume with completion of frac flowback expressed as V,
= 4x; (L+S)H¢,, with ¢, being the rock porosity in the end of
fracturing fluid flowback.

At the culmination of the imbibition replacement process, the
rock porosity is described by the following equation of state:

¢ :¢0[1+Cp(pl_pi)] (10)

where ¢, is the compression factor of matrix pores; ¢ is the matrix
porosity in the original state of the target reservoir.

At the conclusion of the fracturing fluid flowback, the rock
porosity conforms to the following equation of state:

9, =9o[1+¢,(p,—p,—P))] (11)

Building upon the aforementioned equations, the quantitative
characterization model for the effects of SRV fracturing in naturally
fractured unconventional hydrocarbon reservoirs, grounded in the
principle of material balance, is ultimately established. The model
requires the determination of four critical parameters: the effective
fracture half-length (x;), the equivalent imbibition depth (d), the
average formation pressure (p,) at the termination of the imbibition
replacement phase, and the average formation pressure (p,) at the
conclusion of the fracturing fluid flowback period.

3 Model solving and verification

The material balance Eqs 6-9 and the state Eqs 10, 11 collectively
constitute a mathematical model for the quantitative evaluation
of SRV fracturing effect. The solution process for this model
is meticulously structured and includes several components: a
basic data preparation module, a parameter symbol explanation
module, an equation set and programming solution module, and
an evaluation parameter output module. The program is developed
within a Windows 11 environment, utilizing Anaconda3 (64-bit)
and the Jupyter Notebook interface for coding and design. The
programss final output is formatted as Excel spreadsheets, enabling
simultaneous calculations for multiple wells. The computation yields
key evaluation parameters such as x;, d, p;, and p,. Furthermore, the
volume of each part can be calculated, including V,,, Vi, V,and V.

The precision of the program’s solution for the mathematical
characterization model is corroborated through a comprehensive

Frontiers in Earth Science

04

10.3389/feart.2024.1419631

TABLE 1 The geological characteristic and fluid property parameters of
the target reservoir.

Parameters (unit) Data Parameters (unit) ’Data

Formation thickness (m) 38 Crude oil volume factor 1.109

Initial porosity (%) 9.16 Formation water volume 1.010
factor

Initial formation pressure 21.35 Crude oil compression 9.56

(MPa) factor (x107* MPa™")

Initial oil saturation (%) 69 Rock compression 5.83
coefficient (x10™* MPa™')

Residual oil saturation (%) 33 Reservoir volume 13.92
compression coefficient
(x107* MPa™!)

Natural fracture spacing 1.5 Average infiltration 30

(m) efficiency (%)

TABLE 2 The rock mechanics parameters of the target reservoir.

Parameters (unit) Data

Young’s modulus (GPa) 30.71
Poisson’s ratio 0.293
Maximum horizontal principal stress (MPa) 55.87
Minimum horizontal principal stress (MPa) 48.78
Rock fracture pressure (MPa) 60.36
Normal stress (MPa) 49.25

analysis of microseismic monitoring data, pattern spacing, and
production performance data from the M56-5 SRV-fractured
horizontal well in the tight oil reservoirs within the Tuha oilfield,
located in the Santanghu Basin, China. Geological characteristics,
high-pressure fluid physical property parameters, and rock
mechanics parameters for the target reservoir are detailed in
Tables 1, 2, while Table 3 presents the fracturing reconstruction
parameters specific to the M56-5 well.

Microseismic monitoring data reveal that the average
bandlength and bandwidth of the fracture network formed in each
stage of the M56-5 well through SRV fracturing are 346.91 m and
65.64 m, respectively. Nonetheless, in light of the actual production
performance, the well spacing has been adjusted to 75 m, and the
stage spacing is set at 40 m. The development dynamics indicate that
no effective displacement is established between the M56-5 well and
the neighboring wells. Consequently, the fracture network system of
the M56-5 well remains isolated from adjacent wells, implying that
the effective bandlength of fracture network should be less than the
well spacing of 75 m.

As per the mathematical model and solution methodology
presented in this paper, the average effective bandlength and
bandwidth of the fracture network formed during each fracturing
stage of the M56-5 well were determined to be 71.36 m and 17.84 m,
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TABLE 3 The fracturing reconstruction parameters of M56-5 well.

Parameters (unit) ’ Data
Well depth (m) 2,939
Number of fracturing stages 10
Total amount of fracturing fluid injection (m?) 10,260.4
Horizontal section length (m) 754
Cumulative oil production during the flowback period (m?) 1,174.44
Cumulative water production during the flowback period (m?) 2,242.44
1.02% 1.29%
11.12%

87.57%

W w

By Ovs B Vm

FIGURE 2
The proportion of the injected fluid in the volume of each part.

respectively. Furthermore, this model was applied to calculate the
fracture network parameters for 54 other horizontally fractured
wells with SRV fracturing within the study area. The outcomes
demonstrated a 92.56% concordance rate between the calculated
values and actual observations, thereby attesting to the relative
reliability of the mathematical characterization model and the
solving process established herein.

4 Results and analysis
4.1 Volume proportion of injected fluid

Utilizing the fracture network parameters (xf, d, p;, and p,)
derived from all SRV-fractured horizontal wells, the proportion of
injected fluid in each part of the volume (V',,, Vj, V,and V) can be
precisely calculated, with the results graphically depicted in Figure 2.

The calculated results indicate that the volume of imbibition
displacement within the matrix pores constitutes a substantial
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87.57%, underscoring the critical role of imbibition displacement in
the development of naturally fractured unconventional hydrocarbon
reservoirs. This result also provides a rational explanation for
the typically low flowback rates observed in these reservoirs.
Tight reservoirs subjected to SRV fracturing have developed a
complex network of fractures with multiple pore media, significantly
reducing the percolation distance that reservoir fluids must travel.
During the early stages of development, there has been a qualitative
shift in both the rate and the volume of fluid exchange between
the matrix and the fractures. Consequently, imbibition displacement
has transitioned from a secondary to a primary mechanism within
the reservoir’s fluid dynamics. Furthermore, the pore volume of the
secondary network fractures represents 11.12% of the total volume,
demonstrating that the injection of sand-carrying fracturing fluid
to create complex fracture network systems plays a significant
role. In contrast, the pore volume of the primary artificial fracture
(accounting for only 1.29%) and the wellbore volume (accounting
for a mere 1.02%) constitute relatively smaller proportions of the
overall volume.

4.2 Statistical rules between SRV fracturing
parameters

Based on the fracturing construction parameters and the
fracture network parameters calculated by the model in this paper,
the relationships between imbibition volume and injection volume
of single stage, equivalent imbibition depth and injection volume of
single stage, average formation pressure and total injection volume
during fracturing processes, and pressure drop and well liquid
production during fracturing fluid flowback period were separately
explored by mathematical statistical method. The statistical curves
and its fitting functions between SRV fracturing parameters can be
obtained, as shown in Figure 3.

Analysis of the fitting equations derived from the statistical
curves reveals a definite correlation between the parameters of
fracturing operations and the resulting fracture network. There
is a strong linear correlation between the imbibition volume and
the injection volume during a single fracturing stage. Similarly,
a pronounced exponential relationship is observed between the
equivalent imbibition depth and the injection volume of a single
stage. Additionally, the average formation pressure exhibits an
exponential relationship with the total injection volume throughout
the fracturing process. During the fracturing fluid flowback period,
the pressure drop is characterized by a quadratic functional
relationship with the liquid production of oil well. These fitting
equations offer a convenient and preliminary theoretical foundation
for field engineers to design fracturing operations effectively.

4.3 Sensitivity analysis for SRV fracturing
effect

To quantitatively analyze the impact of engineering parameters
on the SRV fracturing effect, simulations were designed under
the condition of a constant horizontal section length. Various
total volumes of fracturing fluid injection (3,681 m>, 7,681 m>,
11,681 m>, 15,681 m® and 19,681 m®) and different numbers of
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fracturing stages (6 stages, 7 stages, 8 stages, 9 stages and 10
stages) were considered. Consequently, the effective band length,
pore volume and imbibition displacement volume within a single-
stage SRV, and equivalent imbibition depth were calculated for each
scenario. The influence chart of engineering parameters on SRV
fracturing effect is shown in Figure 4.

The influence curve of engineering parameters on the
effectiveness of SRV fracturing clearly demonstrates that within the
specified range of design parameters, the total volume of injected
fracturing fluid exerts a substantial impact on both the pore volume
and the imbibition displacement volume of the fracture network.
This is attributable to the minimal interference between individual
fracturing stages. Nonetheless, as the total volume of injected
fracturing fluid increases, its influence on the effective bandlength
and equivalent imbibition depth diminishes progressively. This
suggests that while a certain amount of fluid is beneficial, an
excessive volume may not yield proportional gains in fracture
network development. The impact of the total injected fluid volume
on the degree of fracture network stimulation is more pronounced
when there are fewer fracturing stages. In such cases, the stimulation
effect is stronger due to the absence of significant interference.
Conversely, when there is a higher number of fracturing stages, the
inter-stage interference comes into play, leading to a reduction in
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the overall stimulation effect of the fracture network. This complex
interaction underscores the importance of optimizing the number
of fracturing stages and the total volume of injected fluid to achieve
the most effective SRV fracturing outcomes.

4 4 Quantitative evaluation of SRV
fracturing effect

Based on the SRV fracturing construction parameters for each
horizontal well, the bandlength and bandwidth of the fracture
network for each fracturing stage are quantitatively computed.
Utilizing the well pattern distribution and the three-dimensional
spatial distribution of the fracture network parameters, a diagram
depicting the well pattern distribution and characterization of the
fracture network is established for various development stages of
representative blocks within the tight oil reservoirs of the Tuha
oilfield, as shown in Figure 5.

The reserves production degree is delineated as the proportion
of the stimulated area of all horizontal wells relative to the oil-
bearing area of the block. The quantitative evaluation of the
SRV fracturing effect is characterized as follows. 1) In the early
development phase with an initial well pattern (well spacing

frontiersin.org
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of 300-400 m), the SRV for each horizontal well was largely
isolated due to the expansive well spacing. This resulted in a
inadequate overlapping relationship of fracture networks between
the horizontal wells and a low matching degree between the
well pattern and the fracture network. Consequently, the reserves
production degree under this well pattern condition was a mere
21.31%. 2) Advancing to the primary infill well pattern (well spacing
of 150-200 m), the SRV of each well remained relatively isolated,
and full match between the well pattern and the fracture network
was unattainable. As such, the reserves production degree under
this well pattern condition only reached 32.25%. 3) Under the
current secondary infill well pattern (well spacing of 75-100 m),
the well spacing is sufficiently narrow to preclude any isolated SRV
between horizontal wells. This has led to a more effective overlap
of fracture networks and a high matching degree of congruence
between the well pattern and the fracture network. As a result,
the reserves production degree can soar to 83.65%. The actual
production performance data from this block indicate that 80%
of horizontal wells in the secondary infill well pattern have been
positively affected by water flooding from neighboring wells, leading
to an increase in production. This has achieved the intended
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objective of establishing an overlapping relationship between the
fracture networks of horizontal wells. In general, the block has
experienced a paradigm shift from well-controlled reserves to
fracture-controlled reserves following two rounds of well pattern
infilling adjustments. With continued reduction in well spacing,
alongside the implementation of enhanced oil recovery techniques
such as multi-periodic waterflooding huff-n-puff and energized
fracturing, it is feasible to transition from single-well imbibition to a
synergistic mechanism of well group imbibition and displacement.
This transition stands to significantly enhance the overall recovery
and productivity of the reservoir.

5 Conclusion

This paper introduces a methodology for the quantitative
characterization of the effects of Stimulated Reservoir Volume (SRV)
fracturing in naturally fractured unconventional hydrocarbon
reservoirs, employing the principle of material balance. The research
findings underscore the critical role of imbibition displacement
in the development of these reservoirs and provide a credible

frontiersin.org


https://doi.org/10.3389/feart.2024.1419631
https://https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org

Ren et al.

10.3389/feart.2024.1419631

A B
-M56-28H
,“ H—tt i .__4,»-«—:\ 3 v o .A\_..M56 -28H
~ \ \
\\ \\\ ‘\ N \‘\
Y\ l\/;?; saH \ iy — Tl
N I g1} UL TV Ill " \ \\
\\\ TSt Y \ N s m w_ M56-27H
N \ X TRTTTEYEONTONRT YU RTTVRY TV 0YE 00— \
So M56-261H S 0
~ N
TSaso R AN 4M56-26H
Cc
H
!
S i ""“""""""mm“ﬂ]mﬂilmmuun n
o -nunlﬂ]ﬂl il mﬂl_m_ MSG-\?JH
M56-262H
\ M56-261H
fha ~ ’/

FIGURE 5

Diagram of well pattern distribution and fracture network characterization at different development stages of typical blocks. (A) Initial well pattern (B)
Primary infilling adjustm (C) Secondary infilling adjustment.

explanation for the commonly observed low flowback rates in the
field. A significant correlation exists between the parameters of the
fracturing operation and the resulting fracture network. The total
volume of injected fluid is decisive in determining the extent of
stimulation of the fracture network induced by SRV fracturing.
However, with an increasing number of fracturing stages, the
influence of this volume on the degree of stimulation is progressively
reduced. The methodology presented herein facilitates a quantitative
evaluation of the reserves production degree within the study area,
thereby enhancing the efficiency of fracturing operations. Moreover,
the results yield a practical reference framework for engineers
and technicians to accurately assess the SRV fracturing effects in
typical blocks of naturally fractured unconventional hydrocarbon
reservoirs. This approach not only refines the understanding of SRV
fracturing effects but also informs the design and optimization of
future fracturing operations in similar reservoir settings.
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