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ABSTRACT

A precise diagnosis of the complex post-fracturing characteristics and parameter variations in tight gas reservoirs
is essential for optimizing fracturing technology, enhancing treatment effectiveness, and assessing post-fracturing
production capacity. Tight gas reservoirs face challenges due to the interaction between natural fractures and
induced fractures. To address these issues, a theoretical model for diagnosing fractures under varying leak-off
mechanisms has been developed, incorporating the closure behavior of natural fractures. This model, grounded
in material balance theory, also accounts for shut-in pressure. The study derived and plotted typical G-function
charts, which capture fracture behavior during closure. By superimposing the G-function in the closure phase of
natural fractures with pressure derivative curves, the study explored how fracture parameters—including leak-off
coefficient, fracture area, closure pressure, and closure time—impact these diagnostic charts. Findings show that
variations in natural fracture flexibility, fracture area, and controlling factors influence the superimposed G-func-
tion pressure derivative curve, resulting in distinctive “concave” or “convex” patterns. Field data from Well Y in a
specific tight gas reservoir were used to validate the model, confirming both its reliability and practicality.
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1 Introduction

There are abundant tight gas resources with reservoirs characterized by low porosity, low permeability,
and poor connectivity. Horizontal wells and hydraulic fracturing are essential technical means for the
efficient development of these tight gas resources [1-3]. Post-fracture fracture diagnosis and evaluation
are the main methods for assessing fracturing effects and are important bases for optimizing fracturing
designs and processes. Currently, fracture monitoring and diagnosis technologies mainly include acoustic
logging, seismic and microseismic monitoring, resistivity logging, and nuclear magnetic resonance [4—6].
These technologies play important roles in fracture monitoring and diagnosis, but they also have
drawbacks such as complex data interpretation, limited resolution, high costs, and depth restrictions
[7-10]. Compared to other fracture monitoring and diagnosis technologies, the analysis of shut-in pump
pressure curves based on hydraulic fracturing construction has broad application prospects owing to
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advantages such as monitoring data being unaffected by construction and the capability to obtain multiple
parameters [11,12].

Currently, the theoretical basis for shut-in pump pressure fracture diagnosis in hydraulic fracturing relies
mainly on the dimensionless G-function model over time established by Nolte [13] based on the Carter leak-
off equation. However, in this model, symmetric bilaterally fractured fractures are assumed and parameters
related to natural fracture closure pressure drops are treated as constants, limiting its applicability in
evaluating complex artificial fracture networks [14—16]. In response to the post-fracture diagnosis of
complex fracture networks, extensive research has been conducted and many interpretations have been
proposed for shut-in pump pressure fracture diagnosis [17,18]. Barree et al. [19] improved the G-function
diagnostic method based on the Nolte model to identify more complex nonidealized fracture features,
proposing pressure analysis using the G-function, square root of time, and double logarithmic plots for
micro-injection pressure loss tests. Castillo [20] proposed a new G-function chart based on the G-function
to judge fracture closure and suggested changes in the leak-off coefficient related to pressure during the
fracture closure process. Liu et al. [21] provided corresponding analytical and semi-analytical solutions
for behaviors such as tip extension, pressure loss, and multiple closures before closure in micro-injection
pressure loss tests. Liu et al. [22] used the slope of a composite G-function chart to determine closure
points and calculate fracture parameters, while Mohamed et al. [23] and Mohamed et al. [24] divided the
flow stage using double logarithmic methods, plotted double logarithmic charts using shut-in time and
pressure data, divided them into three stages, and effectively identified fracture closure points by
combining double logarithmic charts with G-function charts. However, current interpretation methods
mainly entail analysis of shut-in pump pressure data from small-scale micro-injection pressure loss tests,
with limited research being conducted on shut-in pump pressure fracture diagnosis for large-scale
hydraulic fracturing communicating with complex fracture networks in tight reservoirs.

To address the issue of decreasing fracture flexibility and area with natural fracture closure caused by
hydraulic fracturing communicating with natural fractures in tight gas reservoirs, a theoretical model for
shut-in pump pressure fracture diagnosis was established, with the geometric morphology of
communicating natural fractures and the variation of leak-off volume with time under various leak-off
mechanisms taken into account. Modern mathematical physics methods and Python programming were
applied to solve the theoretical model, and G-function charts were drawn. By overlaying the G-function
during the natural fracture closure period with pressure derivative curves, the influence of fracture
parameters such as leak-off coefficient, area, closure pressure, and time on chart characteristics was
discussed. This led to the development of a new model and analysis method for accurately diagnosing
fracture step or constant-rate closure during pressure attenuation after hydraulic fracturing, which is
critical for improving post-fracturing production capacity evaluation in tight gas reservoirs. Example
analysis was conducted using on-site fracturing pressure monitoring data to verify the applicability and
reliability of this method in post-fracture diagnosis of complex fracture networks in tight gas reservoirs.

2 Analysis of Shut-in Pump Pressure Theoretical Model

Nolte and co-workers Nolte [25] and Nolte et al. [26] proposed the classic G-function model for post-
fracturing evaluation of symmetric bilaterally fractured fractures based on the material balance equation of
fracturing fluid injection; this can be used to determine the closure time and closure pressure of fractures. The
model assumptions are as follows: (1) The fracturing fluid is incompressible, so the volume of fracturing fluid
pumped in equals the volume lost to the formation and the volume involved in fracturing. (2) The leak-off
coefficient of the fracturing fluid is constant and unaffected by pressure changes, as described by the Carter
leak-off modele. (3) The fracture area remains constant after well shut-in. (4) The fracture flexibility is
constant and linearly related to fracture width and pressure. (5) The fracture height and closure pressure
remain constant after well shut-in.
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The relationship between net fracture pressure and fracture flexibility, as well as the relationship among
net fracture pressure, fracture closure pressure, and fluid pressure within the fracture, can be described as
follows:

w
Cf=—), (1)
Pnet
Pret = pw(t) — Pe, (2)
Apy, = ISIP — py (1), 3)

where ¢ represents the fracture compliance (in m/MPa), W represents the average width of the fracture (in
meters), pyet represents the net pressure within the fracture (in megapascals), py(¢) represents the fluid
pressure within the fracture (in megapascals), p. represents the closure pressure of the fracture (in
megapascals), and ISIP represents the pressure at the end of pumping (in megapascals).

The average width of the fracture can be expressed as W = V), /4, where 4,, represents the surface area
of the fracture when pumping is stopped (in m?) and V, represents the volume of the fracture when pumping
is stopped (in m®). Differentiating Eq. (2) with respect to time gives the time derivatives of the fracture
volume, fracture compliance, and surface area of the fracture when pumping is stopped:

dApy _ dpw _ dpnalt) d<w>_ d(Vp>

d A dr dr\er) dr\ee4,

“4)

Nolte [13] established the material balance equation for an incompressible fracturing fluid:
Vi =V, + V1, where V; represents the volume of the pumped fluid (in m°®) and Vi represents the volume
of fluid lost (in m®). Based on the assumption that ¥; is considered constant, by differentiating ¥; with
respect to time ¢ and substituting into Eq. (4), the relationship among pressure, fracture volume, and loss
volume can be obtained:
dAp, 1 dr, 1 d

dt  cdy, dt cpdy dt ©)

The Carter [27] leak-off equation quantifies the leak-off rate on one side of the fracture as vi = Cp./V/1,
where Cy is the fracture leak-off coefficient (in m/min®) and vy is the leak-off rate of the fracturing fluid (in
m/min). Assuming that the fracture opens and begins to leak-off after time 7, and taking the differential
element of the fracture area as d4, we can obtain the differential form of the leak-off volume on one side
of the fracture:

t,
P CL
dVy, = dA dt, 6
L /T — (6)

where 7 represents the time for crack initiation (in minutes) and ¢, represents the pumping time (in minutes).
If negligible fluid losses are assumed, the rate of crack area growth is proportional to time with the
o
formula A(7) = 4, (tl) , where o is the crack area growth index (dimensionless) and A(t) is the single-
P

side area of the crack (in m?). Integrating Eq. (6) yields the volume of filtrate during the pumping
process. Normalizing the parameters leads to an expression for the dimensionless filtrate volume during
the pumping process over dimensionless time. This quantifies the entire crack filtration process. The time
during pumping and shut-in periods is denoted as f, + A¢, where the dimensionless time during pressure
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t—t, A . . . . .
; P — R This results in the overall dimensionless time filtrate volume,
P P
with the integral part defining the function for the total filtrate volume:

1
VL(tp + At) = ZCLAP\/g/ /
0 J4

drop stages is defined as Atp =
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The total filtrate volume of the crack minus the filtrate volume during the pumping process equals the
filtrate volume of the crack during shut-in periods:

VL(tp + At) — VLp = 2CLAp\/g(g(AtDa O() — g(O, OC)) (8)

Substituting into Eq. (5) yields the differential relationship between crack pressure and crack filtrate
volume after shut-in:

dAp,  2CL/f,dg(Arp, o)

1/a
D

(M

= 9

dAt cr dAty, )
1

dg(Afp, o d4

Ld; ) r(am, o) = / — (10)

Both g(Afp) and f(Afp, o) can be approximated by analytical solutions for the boundary values of
filtration. By integrating Eq. (8), the following analytical expression for the crack pressure and crack
filtrate volume after shut-in can be obtained:

ISIP — p, (Atp) = VP (g (A, 2) — (0, )] an

&3

The relevant expression for the G-function has been derived as

C
3. (1) = 2 G, A, (12)
in which
4
Gla, Atp) = —[g(a, Atp) — go, (13)
. _ TV (14
2Cf ’

where G(a, Afp) is the dimensionless G-function with respect to time, p* is the fitted pressure value (in
megapascals), Ap,_ is the crack pressure after shut-in (in megapascals), Cy is the crack filtrate coefficient
(in m/min®"), ¢ is the crack compliance (in m/MPa) and tp is the pumping time (in minutes).

Because the fracture filtration coefficient and fracture flexibility are considered unchanged in the model,
p* is regarded as the slope value of Ap, (Afp) and V. Therefore, Castillo proposed that, if the pressure drop
test stage dp/dG is constant, then the fracture is in the closed stage. Laubach [17] also proposed adding the G
curve to the diagnostic chart of the Gdp/dG function curve to observe the fracture closure period more
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directly, showing that, when the fracture is closed, the curve will deviate from the characteristic curve. Taking
the derivative of Eq. (12) and taking the first-order forward difference gives

dAp . Ap(AtD)l- 1 Ap(AfD)i
(GE>1' a Gi< G(AtD)iJJ:l - G(AtD)i ) (19

3 Establishment of Pressure Fracture Diagnosis Model for Volume Fracturing Pump Shutdown

Fig. 1 shows that the basic theoretical model of pump shutdown pressure is the G-function diagram of a
simple symmetrical double-wing fracture. The mass balance equation of a common G-function model
considers only the fracture volume ¥}, and fluid loss volume /' when the pump is shut down, without
considering the communication of natural fractures. Therefore, it is not applicable to the complex
situation of communication of natural fractures during the pumping process of tight reservoirs, as shown
in Fig. 2. Therefore, on the basis of the above model, we further consider the influence of natural
fractures on the filtration loss and establish a diagnosis model of pressure fractures in volumetric
fracturing with a shut-down pump.
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Figure 1: Common types of G-function charts
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Figure 2: Physical model of natural fractures
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The following assumptions were made in the model:

1. The fracturing fluid is incompressible, and the material balance states that the volume of fracturing
fluid pumped equals the volume lost to the formation and the volume participating in fracture propagation.

2. Cater filtration is followed.

3. Prior to natural fracture closure, natural and hydraulic fractures jointly lose fluid to the reservoir.
Fracture compliance cg, and area Ay, are constants and are neglected after closure.

4. Fracture extension and friction are not considered during pumping and well shut-in processes.

The material balance equation states that the fluid volume during pumping equals the lost volume to the
formation through the fractures and the fracture volume:

VL,mf + VP,mf + VL,nf + VP,nf = Via (16)

where V1 ¢ represents the total filtrate volume of the hydraulic fractures (in m3), Vp,mf represents the volume
of the hydraulic fractures (in m’ ), V1 nt represents the total filtrate volume of the natural fractures (in m’ ), and
V,.nr represents the volume of the natural fractures (in m’).

Filtration follows Cater filtration, thus utilizing the formula for filtrate volume during shut-in periods. By
considering the filtrate volumes of the hydraulic fractures and natural fractures separately through Eqs. (7)
and (8), the total filtrate volume in the natural fractures and the total filtrate volume in the hydraulic
fractures during the closure period can be determined:

VL,nf (tp + At) = ZCLnAfn\/g(g(AtDu O‘) - g(07 OC)), 0 < AtD < Ath,nfa (17)
VL,mf (tp + At) - 2CLmAfm\/i;(g(AtDa O‘) - g(07 O()) ) 0 S AtD S Ath,mf-

Combining the relationship between fracture net pressure and fracture compliance yields the volumes of
natural fractures and hydraulic fractures:

{ Vp,nf(AtD) = AWt = Afn[ W(AtD) _pc,nf] Cfn,

— 18
Vp,mf(AtD) = AW = Afim [ W(AtD) _pc,mf] Cfm, ( )

where V1 nr (tp + At) represents the filtrate volume during the closure period of natural fractures (in m>), Cy,
represents the filtration coefficient of natural fractures (in m/mino's), Aj, represents the area of natural
fractures (in mz), At.pnf represents the closure time of natural fractures (dimensionless), VL’mf(tp + At)
represents the dimensionless time for hydraulic fracture closure, Cr,, represents the filtration coefficient
of hydraulic fractures (in m/mino's), Agm represents the area of hydraulic fractures (in mz), AteD mf
represents the closure time of hydraulic fractures (dimensionless), Wy, represents the width of hydraulic
fractures (in meters), cp, represents the compliance of hydraulic fractures (in m/min’~), Demf Tepresents
the closure pressure of hydraulic fractures (in megapascals), 4¢, represents the area of natural fractures (in
m2), wpr represents the width of natural fractures (in meters), cg represents the compliance of natural
fractures (in m/min”), and Penf Tepresents the closure pressure of natural fractures (in megapascals).

We then substitute the filtrate volumes and fracture volumes of natural fractures and hydraulic fractures
into the material balance equation to get
Ag [pw(Atp) = pent| et + Afim [Pw(AlD) — Peme] Chin
+2/1,g(Atp, o) (Cmdin + Crodm) = Vi
By differentiating this equation with respect to Azp, and based on the relationship among pressure,

fracture volume, and filtrate volume, the expression for the pressure derivative during the closure period
of natural fractures can be obtained:

(19)
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dApy  2V/f%(Crmdsin + Cradmm) dg(Atp, o)

= 0 < Atp < Atepng- 20

dArp (CmAsin + ) dA, TP =Tk (20)

Integrating this equation yields the expression for pressure drop before the closure of natural fractures:
2/t (Crmd Cra4

ISIP — py,(Atp) = VB (Clndin + Codin) [g(Atp, @) — g(0, 0)], 0 < Atp < Afcns. 1)

(CinAfm + cmdm)

As the pressure decreases and natural fractures completely close, only hydraulic fractures leak into the
reservoir matrix. In Eq. (17), the material balance becomes Vi e + Vpme = V;. By substituting Eq. (18) into
it, the equilibrium equation for hydraulic fractures during the pressure drop process can be derived:

Afm[ W(AZD) _pc,mf] Cfm + 2\/gg(AtD> O‘) Cimdsn = Vi (22)

Similarly, the expression for the overall pressure drop before the closure of hydraulic fractures can be
obtained:

2./t CLm
ISIP — o (Ap) = 220 (o (0, 0) — (0, %), Ay > 0. 23)
Cfim

The expression for the pressure drop after the closure of natural fractures but before the closure of
hydraulic fractures needs to consider the influence of the natural fracture closure period, which can be
obtained from Eq. (23):

,C
ISIP —pW(AtD) = n\é_p—LmG(AtD, {X), 0 < Afp < At s (24)
Cfm '
By combining Egs. (23) and (24), the expression for the pressure drop of hydraulic fractures after the
closure of natural fractures can be obtained, namely, the expression for the shut-in pressure of the
fractures during volumetric fracturing:

/1, CL,
Penf _Pw(AtD) = % [G(AtDa OC) - G(AICD,nfa O‘)] ) AtD > Atc7nf‘ (25)
m
The following solving steps can be used to calculate the other parameters in Table 1, apart from the
initial conditions:

i+1
w

1. Select initial conditions Ap? and Api™! and an appropriate Afp.

2. Substitute the initial condition values into Eq. (25); iteratively, solve for ApL" ! If the error is >0.01,
readjust the step size of Atp until the error is <0.01.

3. Calculate the values of GdP/dG, G-functions, and cumulative pressure derivatives corresponding to
each Arp.

4. Plot the G-function curve.

4 Characteristics and Analysis of the G-Function Plot in Volumetric Fracturing

4.1 Plotting and Features of the Graph

Fig. 3 illustrates the theoretical process of plotting the G-function model. Because the pressure drop
equations before and after the closure of natural fractures differ, the closure pressure of natural fractures
is initially used for differentiation. The pressure during the closure period of natural fractures is calculated
using Eq. (21). When p <pc s, the pressure during the closure period of hydraulic fractures is then
calculated using Eq. (25), and finally, the G-function plot is drawn.
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Table 1: Basic parameters of G-function graphs

FDMP, 2025, vol.21, no.2

Basic parameter Value
Instant shut-in pressure, ISIP (MPa) 60

Natural fracture closure pressure, p. s (MPa) 55
Pumping time, ¢, (min) 5

Hydraulic fracture area, A, (m?) 896.8
Natural fracture area, 4,¢ (mz) 441
Fracture compliance, natural fracture compliance, ¢ ¢ (m/MPa) 6.72 x 10°*
Fracture compliance, hydraulic fracture compliance, cf, e (m/MPa) 128 x 1073
Fracture compliance, hydraulic fracture leak-off coefficient, Cy, ¢ (m/mino‘s) 1x10*
Fracture area, hydraulic fracture compliance, ¢ ¢ (m/MPa) 6.72 x 10°*
Fracture area, natural fracture leak-off coefficient, C;, ¢ (m/mino‘s) 3x 1074
Fracture area, hydraulic fracture leak-off coefficient, Cy, ¢ (m/mino‘s) 8§ x107°

Analysis Model of Shut-in Pressure Drop
Considering Natural Fractures

Input Data
‘ v
i Fractu;
| Shutoin Time racture Fracture Closure
; Parameters Pressure

Natural Fracture Closure
Period Pressure Formula

| | Pumping Time

G Function

Natural Fracture
ClosurePeriod
Pressure Fonmula

Fitted | No
Pressure

| G Funetion Chart l

Figure 3: Program flowchart for calculating pump shutdown pressure considering natural fractures

Based on the pressure drop basic data in Table 1, the G-function plots for varying fracture
compliance and fracture area can be drawn through hydraulic fracture pressure drop calculations, as

shown in Figs. 4 and 5.

During the natural fracture closure period and the process of fracture leak-off, the natural fractures do not
participate in the leak-off. Additionally, there is some fluid at the contact surface of the natural fractures that
does not leak into the reservoir. This results in a slower overall leak-off of the fractures and a smaller decrease
in pressure. As a result, the G-function Gdp/dG curve during the natural fracture closure period exhibits a
concave trend, with the curve passing through the origin. The endpoint of the concave section corresponds to

the pressure and time of natural fracture closure.
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Figure 4: G-function chart of fracture flexibility with pressure variation
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Figure 5: G-function chart of fracture area with pressure variation

As hydraulic fractures and natural fractures leak off into the reservoir together, the overall leak-off of the
fractures accelerates. This leads to a faster overall leak-off of the fractures and a greater decrease in pressure.
Consequently, the G-function Gdp/dG curve during the natural fracture closure period exhibits a
“camelback” trend, with the curve passing through the origin. The endpoint of the camelback section
corresponds to the pressure and time of natural fracture closure.

4.2 Parameter Sensitivity Analysis
A sensitivity analysis can be performed on the parameters cs,, A1, and b of natural fractures based on the
G-function charts for fracture compliance and fracture area variations with pressure.

First, we consider fracture compliance cg, values 0f4.26 x 10°,6.72x10 % and 1.27 x 10 2. InF ig. 6a,
the concave feature of the natural fracture closure period G-function Gdp/dG curve deepens. In contrast, for
cfy values of 3.2 x 1072, 1.3 x 10>, and 6.4 x 10™*, as shown in F ig. 6b, as the fracture compliance increases,
the closure time of the natural fractures lengthens during the closure period, and the camelback feature of the
G-function Gdp/dG curve gradually converges, becoming a concave curve.

Next we consider fracture area Ay, values of 620, 441, and 220 m>. As shown in F ig. 7a, as the fracture

area increases, the closure time of the natural fractures lengthens, and the concave feature of the G-function
Gdp/dG curve during the natural fracture closure period deepens. In Fig. 7b, with increasing fracture area,
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the closure time of the natural fractures shortens, and the camelback feature of the G-function Gdp/dG curve
for natural fractures becomes more pronounced.

10 - 16
Cn I
= 4.26E-05 14 + 3.2E-03
¢l |=—— 6.73E-04
= 1.27E-03

Gdp/dG,dp/dG (MPa)
dp/dG,Gdp/dG (MPa)

(a) (b)

Figure 6: Analysis charts of variable fracture flexibility: (a) fracture compliance G-function chart; (b)
fracture area G-function chart

Gdp/dG,dp/dG (MPa)
dp/dG,Gdp/dG (MPa)

(@ (b)

Figure 7: Analysis chart of variable fracture area: (a) fracture compliance G-function chart; (b) fracture area
G-function chart

Finally, we consider control factor b values of —10, 10, and 40. As shown in Fig. 8a, as the control factor
increases, the closure time of the natural fractures lengthens, and the concave feature of the G-function
Gdp/dG curve during the natural fracture closure period deepens. In Fig. 8b, the camelback feature of the
G-function Gdp/dG curve during the natural fracture closure period converges as the control factor increases.

Through the sensitivity analysis of cg,, Ag,, and b, it is evident that the G-function Gdp/dG curve during
the natural fracture closure period consistently exhibits a concave shape. As can be observed in Fig. 8, as
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fracture compliance, fracture area, and the control factor increase, the concavity of the G-function Gdp/dG
curve during the natural fracture closure period deepens.

10 - 10 -

o

dpAG,Gdp/IG (MPa)

G dGApdG(IMPa)

[®]

Figure 8: Analysis chart of variable control factors: (a) fracture compliance G-function chart; (b) fracture
area G-function chart

5 Application Example and Analysis

Well Y is located in a tight gas reservoir area; the main lithology of the reservoir characterized by black
and gray-black shales. The well was drilled to a total depth of 6870.0 m, with a vertical depth of 4345.43 m.
The completion interval is in the Longmaxi Formation, with 139.7 mm casing used for completion and a
horizontal section length of 2300.00 m.

Seismic multilevel fault data indicate the presence of natural fractures, with two sets of natural fracture
zones developed along the well trajectory in intervals of 5860—6760 m (sections 2—14) and 5070-5160 m
(sections 26-28), totaling 1016 m, as shown in Fig. 9.

Based on the construction curve analysis (Fig. 10), the natural fracture zones in the 10th section are
found to be widely distributed and complex, meeting the parameter requirements of the research model.
Therefore, the 10th section in the interval of 5860—6760 m was selected for analysis, with a pumping
time of 175.74 min and a shut-in pressure of 66.08 MPa.

The input pumping parameters in the pressure drop calculation program are listed in Table 2.

5.1 Curve Fitting

Based on the actual G-function curve’s camelback feature, indicating the presence of single-level natural
fractures, a shut-in pressure analysis model for single-level natural fractures related to pressure was selected.
The final result obtained is the fitting of the G-function curve, as shown in Fig. 11.

5.2 Fitting Results

A single-level natural fracture was fitted, with closure pressures selected at 62.50 MPa. The hydraulic
fracture closure pressure was determined to be 62.14 MPa, with a natural fracture leak-off coefficient of
0.00241 m/min®", reflecting a moderate rate of fluid loss through the communicating natural fractures per
unit time. The average fracture compliance of each natural fracture level was calculated to be 0.00015 m/
MPa, indicating a low degree of deformation under pressure for the communicating natural fractures. The
total natural fracture area was determined to be 5650 m? illustrating the presence of multiple
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communicating natural fractures during the pumping process, as listed in Table 3. The theoretical G-function
of the modified section of section 10 of Well Y, calculated using the pressure drop model in this study,
exhibited a good overall fit with the actual curve, validating the reliability and practicality of the model,
as depicted in Fig. 11.

Figure 9: Characteristics of natural fractures

Fracturing pressure curve for the 10th stage of Well Y.

m annulus pressure *
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Figure 10: Pressure curve for the 10th hydraulic fracturing operation
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Table 2: Pumping parameters for section 10

Basic parameter Value
Instant shut-in pressure, ISIP (MPa) 96.34
Pumping time, #, (min) 186.67

70 n 44 4750

o °  Actual Value (p)
—— Theoretical Value (p_)

68 * a Actual Value ( Gdp/dG)

e Theoretical Value (defdg) 4600
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Figure 11: G-function fitting chart for the 10th segment of Well Y

Table 3: Fitting results for the 10th section of Well Y

Basic parameter Value
Natural fracture compliance, cg e (m/MPa) 1.5%10°*
Natural fracture leak-off coefficient, Cy, ¢ (m/mino'5 ) 241 %1073
Various levels of natural fracture area, A,,¢ (mz) 5650
Hydraulic fracture compliance, cf, me (m/MPa) 24x107*
Hydraulic fracture leak-off coefficient, Cp ¢ (m/mino‘s) 1.56 x 107*
Hydraulic fracture area, A, (m?) 13000

5.3 Reliability Analysis

As shown in Fig. 12, the Kelly Petroleum ant body fracture prediction interpretation indicates that
fractures develop in well sections at depths of 4740-4868, 50265079, 5502-5534, 5959-6001, and
6418-6478 m. The ant body fracture prediction interpretation is similar to the interpretation results of
Well Y in this study, with natural fractures developing in the 10th section.
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Figure 12: Schematic diagram of ant body fracture prediction interpretation

Based on the interpretation results of Well Y and the reliability analysis, it can be concluded that the
model for diagnosing complex fracture networks post-fracturing in this study is accurate and practical.
This also suggests that, in the absence of geological mechanics data to interpret the degree of natural
fracture development and fracture parameters, analysis can be conducted using the complex fracture
network closure period fracture diagnostic method.

6 Conclusions

(1) A theoretical model for diagnosing fractures in volume fracturing shut-in pressures in tight gas
reservoirs was established. G-function charts and natural fracture closure period G-function Gdp/dG
curves were plotted. The impact of fracture parameters such as leak-off coefficient, fracture area, closure
pressure, and closure time on the chart features was discussed. The chart characteristics of the dynamic
natural fracture formation shut-in pressure analysis model are as follows: The overlaid pressure derivative
curve on the G-function chart exhibiting a concave or camelback trend indicates the natural fracture
closure period, while the overlaid pressure derivative curve passing through the origin on the G-function
chart represents the fracture closure period.

(2) By accurately identifying and obtaining parameters such as shut-in fracture pressure, natural fracture
closure pressure, fracture compliance, and fracture area through the natural fracture closure period G-
function Gdp/dG curve, the sensitivity analysis of the chart to parameters was discussed. Parameters such
as cf, Am, and b of natural fractures were found to have a significant direct impact on the G-function
chart. As fracture compliance and control factors increase or the leak-off coefficient decreases, the
concave feature of the overlaid pressure derivative curve during the natural fracture closure period
deepens, while the camelback feature converges. With an increase in fracture area, overall fracture leak-
off slows, and the concave feature of the overlaid derivative curve during the natural fracture closure
period on the G-function chart also deepens.

(3) In the example analysis, the instantaneous shut-in pressure fitted by the G-function chart showed a
strong correlation with actual data, validating the reliability and applicability of the model. The fitting results
of the example and the test data matched with an accuracy rate of >90% through the shut-in pressure fracture
diagnostic model calculations, reflecting characteristics such as moderate fluid loss through communicating
natural fractures per unit time, low deformation of fractures under pressure, and the presence of multiple
communicating natural fractures during the pumping process in Well Y of a certain tight gas reservoir.
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