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Abstract: More than 90% of the natural gas hydrate resources are reserved as marine clayey silt
sediments. It is of great significance to efficiently develop a clayey silt hydrate. At present, there
are problems of low single well production and small depressurization range in its production test,
which is still a long way from commercial exploitation. The combination of hydraulic fracturing
technology and other methods such as depressurization method is regarded as one of the potential
technical means to achieve the commercial exploitation of the hydrate. However, compared with
shale gas reservoirs and coalbed methane reservoirs, clayey silt hydrate reservoirs have special
mechanical properties, resulting in unique hydraulic fracturing processes. Therefore, it is necessary
to study the fracture initiation and propagation laws of clayey silt hydrate reservoirs. To this end,
we carried out large-scale (30 × 30 × 30 cm) true triaxial hydraulic fracturing experiments using a
simulated material with similar mechanics, porosity, and permeability to clayey silt hydrate-bearing
sediments. The effects of completion method, fracturing method, and fracturing fluid displacement
on hydraulic fracture propagation of clayey silt hydrate-bearing sediments were studied. The results
showed that a perforated completion can significantly increase the fracture reconstruction area and
decrease the fracture initiation pressure compared to an open hole completion. Due to the small
horizontal stress difference, it is feasible to carry out temporary plugging fracturing in clayey silt
hydrate reservoirs. Temporary plugging fracturing can form steering fractures and significantly
improve fracture complexity and fracture area. Increasing the fracturing fluid displacement can
significantly increase the fracture area as well. When conducting fracturing in clayey silt hydrate-
bearing sediments, the fracturing fluid filtration area is obviously larger than the fracture propagation
area. Therefore, it is recommended to use a high-viscosity fracturing fluid to reduce the filtration of
the fracturing fluid and improve the fracturing fluid efficiency. This study preliminarily explores the
feasibility of temporary plugging fracturing in clayey silt hydrate reservoirs and analyzes the effect
of completion methods on the propagation of fracturing fractures, which can provide a reference for
the research conducted on the fracturing stimulation of clayey silt hydrate reservoirs.

Keywords: clayey silt hydrate; perforated completion; temporary plugging fracturing; fracture
propagation; stimulated rock area

1. Introduction

Natural gas hydrate (NGH) is a clathrate crystalline compound generated from water
molecules and hydrocarbon gas molecules under suitable conditions of low temperature
and high pressure [1]. It exhibits a high energy density, an extensive distribution, and
abundant reserves [2–4]. NGHs are viewed as one of the most likely clean energies to
replace traditional fossil energy [5].

The existing hydrate exploitation technologies mainly include the depressurization
method [6], thermal stimulation method [7], chemical inhibitor injection method [8], CO2/N2
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replacement method [9], solid fluidization method [10], and combination method [11–13]. De-
pressurization and thermal stimulation methods are viewed as two kinds of methods with
high feasibility, which are the most used in laboratory research and field test production. As
for the NGH reservoir, effective permeability is an important property that would produce
a significant impact on the pressure drop diffusion and fluid migration of the depressuriza-
tion method and the heating efficiency of the thermal stimulation method [14]. Increasing
reservoir permeability has a significant impact on the NGH production [15]. However, the
NGH resources present as marine clayey silt sediments exceed 90% [16,17], and the stored
environment is characterized by high argillaceous content and low permeability [18–20].
At the same time, the hydrate dispersed in the sediment will cause a significant decline in
the reservoir permeability. These characteristics lead to an extremely low effective perme-
ability of this kind of reservoir, which limits the efficiency of depressurization and thermal
stimulation methods.

Hydraulic fracturing technology can increase the drainage area, enhance the reservoir
permeability, and improve reservoir seepage conditions. It has been widely applied in
unconventional low-permeability reservoirs such as coal and shale reservoirs [21–23]. It is
considered as one of the potential technical means to achieve the efficient development and
utilization of NGHs [24–27]. Relevant studies have proved that fracturing reconstruction
is an effective technique to improve the productivity of NGH reservoirs [28–32]. Thus,
it is meaningful to conduct extensive research on the hydraulic fracture initiating and
propagating law of NGH reservoirs. Researchers have begun to explore the fracability
and the hydraulic fracture initiation and extension law of NGH reservoirs. Too et al. [33]
confirmed by the injection pressure curve that the sandy NGH reservoir has a prefer-
able fracability when the hydrate saturation exceeds 50%. Liu et al. [34] put forward a
fracability estimation model applicable to hydrate-bearing sediments based on analytic
hierarchy process-entropy method. Its results suggested that a high-viscosity fracturing
fluid is supposed to be used when reconstructing hydrate-bearing sediments with a low
fracability index. Ito et al. [35] validated the possibility of forming hydraulic fractures in
unconsolidated sand–mud interbed sediments using a true triaxial loading experimental
equipment. The experimental results showed that the interface fracture between the sand
and mud layers is inclined to generate hydraulic fractures. Konno et al. [36] executed
hydraulic fracturing experiments based on the sandy sediment with a hydrate saturation
of 72%. The fractures perpendicular to the maximum horizontal principal stress were
observed through X-CT scanning. Furthermore, the gas production experiment using
depressurization after fracturing detected that the hydraulic fracturing can improve the
permeability of the sample, and the fracture could still maintain a high permeability during
the depressurization process. Taking the Alaska hydrate test area as the geological back-
ground, Zhang et al. [37] and Liu et al. [34] synthesized the NGH reservoir skeleton with
similar physical and mechanical properties to the reservoir samples in the laboratory, and
then synthesized CH4 hydrate in the skeleton. The impacts of the stress conditions and the
fracturing fluid performance on the hydraulic fracturing behavior of the hydrate-bearing
sediments were studied. The results showed that hydrate-bearing sediments are prone
to tensile failure to form a single fracture under the low-stress and high-stress difference
condition. Complex multiple fractures tend to form under the high-stress and low-stress
difference condition. Under a high in situ stress, increasing the fracturing fluid viscosity is a
feasible method to effectively create fractures. Yao et al. [38] established a discrete element
model, studied the fracturing behavior of sandy CH4 hydrate, and explored the effects of
hydrate saturation, hydrate microscopic distribution mode, and in situ stress conditions
on the fracturing behavior of hydrate-bearing sediments. The results showed that, with
the increase in hydrate saturation, the initiation pressure increases gradually. When the
hydrate saturation is less than 30%, the fracture-creating ability is poor, whereas when the
hydrate saturation is higher than 40%, a good fracture-creating ability and a preference
to form multiple main fractures are observed. As the in situ stress difference increases,
the fracture morphology becomes simple. Based on the extended finite element method,
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a multi-cluster fracture propagation model for horizontal wells in NGH reservoirs was
established to analyze the correlation between fracture propagating paths and fracture
spacing, hydrate saturation, and horizontal stress difference [39]. Lu et al. [40] conducted
hydraulic fracturing tests under different confining pressures for clayey silt sediments
in Shenhu area, and evaluated their mechanism of fracture initiating and propagating.
Ma et al. [24] built a three-dimensional hydraulic fracture propagating model on the basis
of cohesive elements. They studied the effects of flow rate, cluster spacing, and fracturing
methods (simultaneous fracturing and sequential fracturing) on the fracture morphology of
clayey silt hydrate reservoirs. Sun et al. [41] discussed the fracturing law of hydrate-bearing
clayey silt and frozen clayey silt. They evaluated the impacts of hydrate/ice saturation,
stress difference, fluid viscosity, and flow rate on the fracturing behavior. The consequences
indicated that the initiation pressure increases with the increase in hydrate/ice saturation,
flow rate, and fluid viscosity. Increasing fluid viscosity and flow rate would result in the
formation of complex fractures, and the stress difference is the main controlling parameter
of fracture propagating direction. Although the NGH resources present as marine clayey
silt sediments exceed 90%, few studies have explored the fracture propagating law of
hydrate-bearing clayey silt, and the existing research has mainly focused on numerical
simulation. There is no experimental study on conventional and temporary plugging
fracturing of large size samples.

Therefore, we prepared large size clayey silt hydrate-bearing sediment samples. Sub-
sequently, true triaxial physical simulation experiments of conventional and temporary
plugging fracturing were carried out. The fracture morphology of conventional and tempo-
rary plugging fracturing under different fracturing fluid displacements was explored, and
the impact of completion mode on fracture geometry was investigated. The findings could
provide fundamental understanding and reasons for the hydraulic fracturing of marine
clayey silt hydrate reservoirs.

2. Experiments
2.1. Experimental Sample Preparation

The large-scale true triaxial fracturing simulation test is a significant means to in-
vestigate the fracture initiating and propagating law. It has been used extensively in
unconventional reservoirs such as shale and coal seam [42–44]. There are two types of
samples in the experiments: one is the outcrop taken from the field, and the other is
the artificial simulated sample preparation in the laboratory. However, compared with
shale and coal, the clayey silt hydrate reservoirs are characterized by non-diagenesis. It is
very expensive and difficult to drill large-scale in situ hydrate-bearing sediments samples.
Therefore, artificially simulated samples are used to conduct indoor physical simulation
experiments [41]. Tetrahydrofuran (THF) hydrate sediment samples are currently being
utilized to carry out relevant studies [37]. Since the structure and mechanical properties
of the THF hydrate are close to those of the NGH and it can be dissolved in water in any
proportion, it is convenient to control the hydrate saturation in an experiment. The hydrate
formed after mixing with the porous medium sample can basically exist evenly between
the sediment particles within the sample [45]. The THF solution can synthesize a hydrate
at an atmospheric pressure and at 0~4 ◦C [46]. Therefore, THF is usually used to replace
methane to investigate the mechanical and physico-chemical properties of the generated
hydrate. The THF hydrate has also been studied to comprehend its fracture initiating and
propagating laws of hydrate fracturing [47]. The THF hydrate can exist stably at 0.1 MPa
and 4 ◦C [45,48]. The THF hydrate can maintain its stability during an experiment, and it
can be conveniently compacted into a sample for synthesis. The conventional fracturing
equipment can be upgraded to carry out THF hydrate fracturing experiments. Therefore,
we choose THF to prepare hydrate sediment samples for hydraulic fracturing experiments.

The target area of this paper is the exploration area of the GMGS1 voyage. GMGS1
voyage is a hydrate drilling project organized and implemented by Guangzhou Marine
Geological Survey in 2007. Eight stations were drilled based on the GMGS1 voyage, and
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hydrate samples were acquired at SH2, SH3, and SH7 stations [49,50]. The research data
in this paper are based on the logging data of SH2 borehole. The water depth of the
SH2 station is 1235 m, and hydrate samples were successfully acquired from 188 m to
228 m below the seafloor. After testing, the porosity of the hydrate sediment is 0.38, the
hydrate saturation range is 1.0~47.3%, and the inherent permeability of the reservoir is
approximately 10 mD [51]. In this experiment, the hydrate saturation was set to 45%. The
mineral composition of the target block is shown in Table 1 [52,53]. Based on these data,
sand, silt and clay are selected as hydrate host sediments. The proportions of each part
are detailed in Table 1. The results indicated that, when the mass fraction of THF is 19%,
the THF-H2O solution can be completely converted into a hydrate, and considering the
possible volatility of THF, we choose a THF-H2O solution with a 21% mass proportion [54].
The mass of deionized water and THF used in the experiments can be calculated using
Equations (1) and (2) [47].

mw =
306
378

ρhShVφ (1)

mTHF =
306 × 21
378 × 79

ρhShVφ (2)

mw and mTHF are the masses (g) of H2O and THF; ρh is the density of THF hydrate,
0.888 g/cm3 in our experiment; Sh is the hydrate saturation, 45% in our experiment; V
is the volume of the sample, 27,000 cm3 in our experiment; and φ is the porosity, 0.40 in
our experiment.

Table 1. The mineralogical components of clayey-silty sediments.

Grain Size (µm) Actual Mass Proportion (%) Average Value
(%) Experimental Mass Proportion (%)

Clay: <4 15–45 -- 21

Silt: 4–63 50–80 -- 75

Sand: >63 <5 -- 4

Clay minerals at SH2 site 11–27 19.64 21

Montmorillonite 33–59 47.04 45

Illite 22–39 29.28 30

Chlorite 9–17 13.17 15

Kaolinite 7–14 10.51 10

The procedure for the preparation of THF hydrate-bearing sediments sample is as
follows: (1) The required mass of silt, sand, and clay is calculated according to the sample
mineral composition ratio, and the amount of THF and water is calculated according to
the required hydrate saturation. (2) First, the silt, sand, and clay are thoroughly stirred
and mixed, and then, the THF solution is sprayed on the aggregate, stirred evenly with
a mixer, and then loaded into the sediment to prepare a mold. (3) The mold is placed in
a low temperature incubator for sample synthesis, and it is kept frozen at −9 ◦C for 48 h
to generate the THF hydrate, and then demolded to remove the sediment sample. The
wellbore is placed in the mold before loading, so that the wellbore can be consolidated
with the surrounding sediments during the sample freezing process. According to the
above method, 1~5 clayey silt hydrate-bearing simulation samples (30 × 30 × 30 cm)
are fabricated. To carry out the THF hydrate fracturing experiment, we upgrade the
experimental equipment for conventional fracturing physical simulation and place the
equipment in a sealed low and constant temperature environment. The entire fracturing
experiment is conducted in a low and constant temperature chamber. Before carrying
out large-scale fracturing physical simulation experiments, we first prepare a small size-
standard core using the method described above and test its rock mechanics, porosity, and
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permeability parameters. The porosity, permeability, and mechanical parameters of the
simulated samples are depicted in Table 2. The test results indicated that the mechanical,
porosity, and permeability parameters of the sample prepared by the above method were
in a good agreement with the values of the research block [51,55]. On this basis, large-scale
hydraulic fracturing physical simulation tests were carried out.

Table 2. The porosity, permeability, and mechanical parameters of the simulated samples.

Specimen
Number

Elastic Modulus
(MPa) Poisson’s Ratio Compressive Strength

(MPa)
Tensile Strength

(MPa)
Porosity

(%)
Permeability

(mD)

1 391.35 0.29 3.36 0.31 36.4 2.39

2 399.15 0.30 3.63 0.33 32.3 2.76

3 387.54 0.31 2.99 0.27 36.6 2.97

4 386.62 0.32 2.8 0.26 39.6 3.05

5 396.46 0.33 3.41 0.31 34.5 2.66

2.2. Experimental Apparatus

Hydraulic fracturing simulation device was used in the experiment (Figure 1). In
the experiment, the pressure plate is pushed by an oil pressure pump set and a hydraulic
cylinder to apply triaxial stress to rock samples in the core chamber. The maximum
loading stress of X-axis is 10 MPa, and the maximum loading stress of Y-axis and Z-axis is
20 MPa. After the stress loading is completed, the piston pump is used to push the piston
in the intermediate container to squeeze the fracturing fluid into the pipeline and enter
the wellbore fracturing rock sample through the fluid injection pipeline. The maximum
displacement of the piston pump is 1250 mL/min.
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2.3. Experimental Design

To analyze the effects of the completion method, fracturing method, and fracturing
fluid displacement on the fracture propagating of a clayey silt hydrate reservoir, we de-
signed the experimental scheme depicted in Table 3. Guar gum fracturing fluid is used
as the fracturing fluid in conventional fracturing, and fiber fracturing fluid is used as the
fracturing fluid in temporary plugging fracturing, as demonstrated in Figure 2a,b. Fiber
fracturing fluid is prepared by using guar gum solution as the base fluid, adding fiber (fiber
length: 6 cm) and cross-linking to form jelly. Figure 2c shows the wellbore for 4# and 5#
samples with an initial perforation interval of 2.5 cm.
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Table 3. Summary of experimental parameters.

Sample
Number Completion Method Fracturing Method (σv/σH/σh (MPa)) Displacement

(mL/min)
Fluid Viscosity

(mPa·s)

1#

open hole completion

conventional fracturing

4/2/1

100 100

2# temporary plugging
fracturing 50

100
3# temporary plugging

fracturing 100

4#
perforated completion

conventional fracturing 50
100

5# conventional fracturing 100
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2.4. Experimental Procedure

(1) Triaxial stress loading process

The sample was first placed in a triaxial stress loading chamber. To avoid the damage
to the rock sample due to unbalanced loads in different directions, the stress in different
directions was first applied at 1 MPa simultaneously in the experiment. Next, the vertical
stress and the maximum horizontal stress continue to increase synchronously to 2 MPa, and
then, the vertical stress gradually increases to 4 MPa. The specimen is stabilized under the
boundary stress for 10 min to ensure the stress balance in the specimen. As the strength of
the sample is much lower than that of conventional shale and sandstone samples, the stress
is gradually applied at an interval of 0.5 MPa to avoid sample damage during confining
pressure loading.

(2) Fracturing process with guar gum fracturing fluid injection

The guar gum fracturing fluid is pumped into the sample using a centrifugal pump,
and the change in pump pressure is recorded over time. The experiment is terminated
when the injection pressure drops suddenly or fracturing fluid leakage is observed.

(3) Fracturing process with fiber fracturing fluid injection

In the temporary plugging fracturing stage, a new fracturing fluid with a temporary
plugging agent is pumped into the sample. The test is terminated when the injection
pressure drops suddenly or the fracturing fluid leakage is observed.
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(4) Observation and recording of fracture morphology

After each test, the sample was removed from the true triaxial test frame. The sample
was then split along induced fractures using a hammer and chisel to observe and record
fracture morphology.

1#, 4#, and 5# samples shall be subject to conventional fracturing tests, and relevant
tests shall be carried out according to steps (1), (2), and (4). 2# and 3# samples were
subjected to the temporary plugging fracturing test, and relevant experiments were carried
out according to steps (1), (2), (3), and (4).

3. Experimental Results and Analysis
3.1. Influence of Completion Scheme

Stimulated rock area (SRA) was utilized to quantitatively evaluate the effect of hy-
draulic fracturing [56]. SRA refers to the total induced fracture area in a sample after
fracturing in the hydraulic fracturing simulation experiment. It is believed that the larger
the SRA, the larger the area of the reservoir that the hydraulic fracture can communicate
with after a reservoir reconstruction, and the better the effect of the increasing and stabi-
lizing output. In the actual hydraulic fracturing simulation experiment, the area of the
entire fracture plane is recorded as 1.00 (that is, close to 30 cm × 30 cm). In the actual
calculation, the distribution area of the tracer on the fracture plane is divided into grades of
0.25, 0.50, and 0.75, respectively. After the test, the fractures on the surface of the sample
were used to determine the fracture propagation direction. The approximate value of the
fracture volume was then determined from the distribution pattern of the tracer. Finally,
the complete fracture morphology is reconstructed using a drawing software.

The purpose of 1# and 5# samples is to investigate the effect of the completion method
on hydraulic fracture propagating and fracture geometry. The results demonstrated that
the completion method has a significant impact on the SRA.

As shown in Figure 3, although the fracturing experiments of different completion
methods finally formed approximately symmetrical double-wing vertical fractures, the
fracture communication area (SRA = 0.75) produced by the perforated completion sample
was significantly larger than that of the open hole completion sample (SRA = 0.5). At the
same time, the breakdown pressure of the perforated completion sample was lower than
that of the open hole completion sample. It was attributed to the prefabricated perforation
section playing similar roles like micro-fractures and induced hydraulic fractures.

3.2. Impact of Fracturing Scheme

To evaluate the impact of fracturing mode on the hydraulic fracture propagation,
the hydraulic fracturing experiment of 1# and 3# samples were conducted. The results
suggested that the fracture morphology and the SRA are affected remarkably by the
fracturing mode.

As depicted in Figure 4, a single vertical main fracture was formed in the conventional
fracturing experiments. In the temporary plugging fracturing experiment, a vertical main
fracture with an SRA of 0.75 was formed during the initial fracturing. In the subsequent
temporary plugging fracturing, a diverting fracture with an angle of nearly 90◦ to the
initial fracture was formed. Its fracture shape is obviously more complicated than that of
the conventional fracturing. The SRA of the temporary plugging fracturing experiment
(SRA = 1.5) is also significantly larger than that of the conventional fracturing (SRA = 0.5).

It should be pointed out that temporary plugging fracturing can increase the fracture
complexity and significantly enhance the volume of reconstruction, but it requires a high
treatment pressure, which is a problem. Meanwhile, it should be considered that the
clayey silt hydrate reservoir is not diagenetic, its strength is low, and it can easily lose
stability. Therefore, before a hydraulic fracturing construction, it is necessary to consider
the reservoir conditions comprehensively, and fracturing in the layer with high hydrate
saturation should be given priority.
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3.3. Impact of Displacement

The objectives of 2# and 3# samples and 4# and 5# samples are to explore the impact
of displacement on hydraulic fracture propagating and fracture geometry. The results
indicated that the SRA was affected deeply by displacement.

As demonstrated in Figure 5B, although the complex fracture morphology of main
fracture and steering fracture is formed in 2# and 3# samples after fracturing, the fracture
morphology is analogous, but increasing the displacement can significantly improve the
SRA. Owing to the increase in fracturing fluid displacement, the injection pressure and the
pressure in the fracture would increase, and the stress at the fracture tip would increase,
resulting in an increase in fracture propagation speed. Meanwhile, increasing the displace-
ment increases the initiation pressure. This can be attributed to the high fracturing fluid
displacement causing a high strain rate at the fracture tip, leading to an increase in the
strength and initiation pressure of the hydrate sediments. Similar experimental phenomena
are observed in the 4# and 5# samples. Although nearly symmetrical double wing vertical
fractures are formed after fracturing, and the fracture morphology is similar, and increasing
the displacement could significantly improve the SRA. Meanwhile, the increase in the
displacement could lead to an increase in the fracture initiation pressure.
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Figure 5. Fracture morphology comparison between low and high displacements: (A) fracture
morphology after hydraulic fracturing (2#), (B) fracture reconstruction diagram after hydraulic frac-
turing (2# and 3# samples), (C) fracture morphology after hydraulic fracturing (4#), and (D) fracture
reconstruction diagram after hydraulic fracturing (4# and 5# samples).

It is important to note that increasing the displacement can significantly increase
the reconstruction volume, but in actual construction, a higher fracturing fluid displace-
ment will increase the treatment pressure, thus improving the requirements for fracturing
construction equipment. Meanwhile, considering that the clayey silt hydrate reservoir is
not diagenetic, with a low strength and exhibiting an easy stability loss, the construction
displacement must be reasonably optimized before conducting hydraulic fracturing.

3.4. Fracturing Pressure Curve

As depicted in Figure 6a, the breakdown pressure of 1#sample is obvious, about
11.78 MPa, and the propagation pressure curve is relatively stable, revealing the fracture
geometry to be more regular. The result coincides with that of the single vertical fracture,
which is observed by splitting the sample after the fracturing experiment (Figure 3). The
breakdown pressure of 4# sample is obvious, about 7.53 MPa, and the propagation pressure
is relatively stable, manifesting a more regular fracture geometry, but the breakdown
pressure is significantly lower than that of 1# sample. This was due to the fact that the
prefabricated perforation interval plays a similar role to that of microcracks. In addition,
compared with 1# sample, 4# sample has a larger fluctuation after the breakdown point,
which may be due to the difference in perforation initiation time. The pressure curve of the
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5# sample resembles that of the 4# sample, but the breakdown pressure was higher than
that of the 4#sample, which is 8.39 MPa.
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The pressure curves of temporary plugging fracturing are illustrated in Figure 7. In the
fracturing process (q1) of 2# sample pump injection without a temporary plugging agent
fracturing fluid, there are obvious breakdown points, high fracture initiation pressure, and
low fracture propagation pressure, and this is similar to the pressure change law in the
conventional fracturing process. After pumping the fracturing fluid with a fiber temporary
plugging agent (q2), the treatment pressure gradually increases to 22.9 MPa, and the
pressure fluctuation is obvious. The pressure characteristics are caused by the temporary
plugging agent migrating into the fracture and compressing the new fracture. From the
pressure curve, the pressure rises and then falls many times, and each such process can
be regarded as a quasi-rupture process. As the fiber fracturing fluid is injected into the
wellbore, the fluid is filtered along the formed fracture, and the fiber slowly accumulates at
the beginning of the fracture, thereby creating a filter cake. When the filter cake reaches
a certain level, the rate of fluid filtration slows down, or the liquid can no longer enter
the fracture, causing a pressure rise. After the pressure has risen to a certain level, due to
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the formation of new fractures or the propagation of old fractures, the fluid is filtered into
the sample again, resulting in a rapid drop in pressure. When the new filter loss reaches
a certain extent, the fiber gathers again to form a filter cake, resulting in a new round of
pressure rise, and the injection pressure decreases again after the new fracture or the old
fracture propagates, and this process is repeated. The fracturing curve of 3# sample is
similar. The main difference is that the fluctuation is more obvious after pumping the
fracturing fluid with a fiber temporary plugging agent. The phenomenon indicates that
many new fractures are generated during the fracturing process, and the fracture area of 3#
sample is also significantly larger than that of 2# sample.
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3.5. Analysis of Filtration Area and Fracture Propagation Area

Fracture propagation area and fracturing fluid filtration area are be observed in the
fracturing physical simulation experiment. The Figure 8 shows the distribution of fracture
propagation area and fracturing fluid filtration area of 4# and 5# samples after fracturing. It
can be found that the fracturing fluid filtrate area is significantly larger than the fracture
propagation area under both low and high displacement conditions. Compared with tight
sandstone reservoir samples [57], the difference between fracturing fluid filtration area and
fracture propagation area is greater, as shown in Figure 9. The filtration area of fracturing
fluid is obviously larger than the fracture propagation area. Fracturing fluid can form a
large range of filtration area quickly, which may be due to the high argillaceous content of
clayey silt hydrate reservoirs. However, in the actual hydraulic fracturing treatment, we
should avoid the formation of a large range of filtration area, which is a waste of fracturing
fluid and fracturing fluid energy. Therefore, when performing the hydraulic fracturing in
clayey silt hydrate reservoirs, high-viscosity fracturing fluids should be used to reduce the
fracturing fluid filtration and increase the fracturing fluid efficiency.
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4. Conclusions

Based on a series of large-size (30 × 30 × 30 cm) laboratory physical simulation
experiments, the effects of the completion method, fracturing method, and fracturing fluid
displacement on the hydraulic fracture propagation behavior of clayey silt hydrate-bearing
sediments were studied. The drawn conclusions are as follows:

(1) Compared with the open hole completion, the perforated completion can result
in a significant increase in the fracture reconstruction area and a reduction in the fracture
initiation pressure. As the clayey silt hydrate reservoir is not diagenetic and has a low
strength, the perforated completion has obvious advantages. It is recommended to use the
perforated completion in the fracturing of this type of reservoir.
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(2) Due to the small horizontal stress difference, the temporary plugging fracturing is
feasible in clayey silt hydrate reservoirs. Temporary plugging fracturing can form steering
fractures and significantly improve fracture complexity and fracture area.

(3) The fracture area is significantly increased with the increase in fracturing fluid dis-
placement, but a higher fracturing fluid displacement will improve the treatment pressure,
thus increasing the requirements of fracturing construction equipment. Meanwhile, consid-
ering that the clayey silt hydrate reservoir is not diagenetic, its strength is low, and it can
easily lose stability, the displacement needs to be reasonably optimized before fracturing.

(4) When conducting the fracturing construction in a clayey silt hydrate reservoir, the
fracturing fluid filtration area obviously exceeds the fracture propagation area. Therefore, a
high-viscosity fracturing fluid should be selected to reduce the filtration and improve the
fracturing fluid efficiency.

(5) It should be pointed out that, in our research, we only considered the similarity of
the mechanical properties and porosity and permeability properties between the simulated
samples and the actual reservoir conditions. However, the actual fracturing of the NGH
reservoir also involves the decomposition and phase transformation of the hydrate. Hydrate
dissociation may lead to a rapid increase in pore pressure, and it also reduces the hydrate
formation. The change in formation characteristics will result in the change in reservoir
porosity and permeability. Those changes have an important impact on the safety and
fracture propagation behavior of the hydraulic fracturing construction. Therefore, it is
necessary to focus on this aspect in the future research.
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NGH natural gas hydrate
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SRA stimulated rock area
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