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With the continuous exploration and development of unconventional oil and gas reservoirs, volume fracturing technology
becomes one of the necessary measures for developing shale gas and tight sandstone gas reservoirs effectively. Volume
fracturing technology usually uses slickwater and drag-reducing agent as the core of the fracturing system. The composition of
the fracturing system is the main factor determining its performance. Polyacrylamide has many amide groups in its main
chain, high activity, and controllable performance, often in solid powder and liquid emulsion states. Furthermore,
polyacrylamide which is the water-soluble drag-reducing agent is most widely used in applying current shale gas slickwater
fracturing operations. Due to the low viscosity and poor sand-carrying capacity of slickwater, proppant easily settles at the
bottom of hydraulic fractures. This phenomenon influences the stimulation effect of volume fracturing. Therefore, the law of
sand carrying and placement of proppant in hydraulic fractures in volume fracturing plays an essential role in determining the
success of the stimulation effect of volume fracturing. Through the visualization device of proppant transport in the fracture,
the settlement of proppant in the fracture was studied experimentally. And through experimental equipment, the effects of
different operation pumping rates, liquid viscosity, proppant type, and proppant pumping schedule on the stimulation effect
were studied. The experimental results can provide strong support for volume fracturing into well material optimization and
operation parameter optimization for unconventional oil and gas reservoirs.

1. Introduction

With the continuous exploration and development of uncon-
ventional oil and gas reservoirs, hydraulic fracturing has
become one of the necessary measures for increasing the
production of low-permeability and extra-low-permeability
reservoirs [1–3]. Reservoir stimulation of shale and tight
sandstone by the combination of volume fracturing, seg-
mented multicluster perforation, and high pumping rate
and the large amount of fracturing fluid usage, slickwater,
and temporary plugging agent techniques can provide com-
munication between natural fractures and rock stratigraphy.
Furthermore, by communicating between natural fractures

and rock laminae, the hydraulic fractures are interwoven with
multilevel secondary fractures to form a fracture network sys-
tem [4–7]. The fracture network system can “break up” the
effective reservoir where seepage can take place, maximize
the contact area between the fractures and the reservoir, and
increase the volume of the reservoir stimulation as much as
possible. It enables the shortest percolation distance of oil
and gas from the matrix in any direction to the fracture; dra-
matically improves the overall permeability of the reservoir;
realizes a comprehensive transformation of the reservoir in
the three-dimensional direction of length, width, and height;
increases the percolation area and inflow capacity; and
improves the initial production and final recovery [8–13].
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Due to the low viscosity of slickwater, the capacity for
sand carrying is poor, so it is necessary to improve the
sand-carrying capacity of fracturing fluid by increasing the
injection rate of slickwater [14, 15]. However, the friction
resistance in the pipeline is increased by this measure. As
such, the drag-reducing agent becomes the core of slick-
water fracturing technology and plays a decisive role. Fur-
thermore, the drag-reducing agent has become a research
hotspot all around the world. Polyacrylamide is a synthetic
polymer obtained by the copolymerization of acrylamide
and other monomers, including cationic, anionic, nonionic,
and amphoteric polyacrylamide. Polyacrylamide that can be
dissolved in water in any proportion is a long-chain macro-
molecule, and it has good thermal stability and drag reduc-
tion performance. Polyacrylamide has a large number of
amide groups in the main chain, with high activity and
controllable performance, usually in the state of solid pow-
der and liquid. And polyacrylamide is the most widely used
water-soluble dampening agent in shale gas slickwater frac-
turing operation [16, 17].

In shale gas and tight sandstone fracturing, due to the
low viscosity of slickwater, poor sand-carrying capacity,
and fast settling rate of proppant, the exorbitant concentra-
tion of proppant during operation is likely to cause sand
plugging [18, 19]. However, the low concentration of prop-
pant will reduce the concentration of sand laid in the frac-
tures and the effects of fracturing stimulation. Due to the
development of microfractures in the reservoir, fracturing
will induce a large amount of slickwater filtration loss. And
the slickwater filtration loss exacerbates the difficulty of
proppant transport. As the height of the sand dike increases,
the slickwater overflow area in the fracture decreases, and
the liquid flow rate gradually increases. When the fluid flow
rate increases to the extent that the proppant can reach
dynamic suspension, the height of the sand dike is the equi-
librium height. There is no proppant filling at the top of the
fracture above the equilibrium height at this time. The prop-
pant often settles at the bottom of the fracture, while there is
no proppant placement in the upper part of the fracture and
away from the wellbore end. This situation reduces the frac-
ture inflow capacity and effects of fracturing stimulation.
Therefore, studying the law of proppant carrying, transport,
settling, and placement pattern in the fracture is crucial. The
placement of proppant in the hydraulic fracturing process is
essential to the outcome of the fracturing operation. The
prediction of proppant placement is also the key to the
design and evaluation of hydraulic fracturing [20–23].

In recent years, the studies of the sand-carrying capacity
of slickwater were mainly based on laboratory experiments
and numerical simulations. In the experimental studies, Liu
et al. [24], Wu and Sharma [25], Hu et al. [26], and other
researchers carry out experimental studies under different
conditions of fracture width, pumping rate, and particle size.
Through the experimental studies, they obtain the accumu-
lation process of sand settlement and the various patterns
of equilibrium height. Furthermore, they derived the empir-
ical equations of equilibrium height, equilibrium velocity,
and other characteristic parameters. In the field of numerical
simulation, Olaleye et al. [27], Akhshik and Rajabi [28], Suri

et al. [29], and Guo et al. [30] used the CFD method to sim-
ulate the transport process of proppant settlement in differ-
ent fractures. Zhang et al. [31] use a coupled CFD-DEM
method to establish a solid-liquid mixing model between
parallel plates to analyze the microscopic sand-carrying
mechanism of fracturing fluid in hydraulic fracturing. In
general, the researches on the law of the carry and transport
of proppant during the fracturing process were mainly
theoretical. Field operation is often based on experience or
software simulations, and there are few systematic experi-
mental studies [32, 33]. The rheology of the liquid, flow rate,
concentration, and density of proppant affect the sand-
carrying capacity of slickwater, which is not conducive to
grasping the laws of proppant placement, roll-up, and sand
settlement distribution during sand addition [34–37]. Thus,
it is necessary to carry out systematic research and analysis
to compare and select fracturing fluid and proppant param-
eters and optimize fracturing operation parameters to ensure
the formation of effective proppant placement and improve
fracture conductivity [38–40].

In this paper, the proppant transport visualization device
is used to observe the flow status of the sand-carrying fluid
in the fracture, the scouring and carrying performance of
the fluid on the proppant, and the proppant transport and
settlement status through the transparent glass. By changing
parameters such as pumping rate, fluid viscosity, proppant
type, and pumping schedule, experimental research on the
law of sand carrying and settlement in proppant-supported
fracture was carried out. And the effects of different factors
in volume fracturing on the sand-carrying capacity of slick-
water and the settlement pattern of proppant were studied
by quantitative analysis of experimental results. The research
results can provide strong technical support for the preferen-
tial selection of volume fracturing entry materials and opti-
mization of operation parameters for unconventional oil
and gas reservoirs.

2. Experimental Methods

2.1. Experimental Materials. The slickwater system is com-
monly used in volume fracturing, and the slickwater system
is formed by compounding additives such as drag-reducing
agent, clay stabilizers, and drainage aids. The basic formula
of our configured slickwater system is water + 0:1 ~ 0:5%
emulsion drag − reducing agent + 0:25% clay stabilizer + 0:1%
drainage aid. Slickwater with different viscosity values can be
obtained by varying the amount of drag-reducing agent. We
adopted the evaluation method for the performance of
slickwater fracturing fluid which refers to the requirements
and technical indexes in industry-related standards of China
such as SY/T 5107-2016 (Performance Evaluation Method of
Water-based Fracturing Fluid), SY/T 5613-2000 (Test
Method of Physical and Chemical Properties of Mud Shale),
NB/T 14003.1-2015 (Slickwater Fracturing Fluid Part 1:
Performance Index and Evaluation Method), and other
industry-related standards and technical indexes for the eval-
uation method of slickwater fracturing fluid performance.
According to the standard, we conducted indoor testing to
evaluate the performance of the slickwater fracturing fluid
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system. The evaluation indexes mainly include apparent per-
formance, resistance reduction rate, surface tension, and lin-
ear expansion rate, and the performance parameters of
slickwater are shown in Table 1.

We selected the ceramsite proppant that is commonly
used in current volume fracturing. According to the SY/T
5108-2014 (Test Method of Proppant Performance for
Hydraulic Fracturing and Gravel Filling Operations), the
basic properties of proppant such as density, roundness, tur-
bidity, acid solubility, and anticrushing rate are evaluated.
The performance parameters of the support agent are shown
in Table 2. Figure 1 shows the 40/70 mesh ceramsite prop-
pant appearance.

2.2. Experimental Device. Figures 2 and 3 show the techno-
logical process of the experimental device for visualization
of the flow state in proppant-supported fracture. The
experimental device comprises six parts: fluid supply and
pumping system, sand mixing system, powder delivery sys-
tem, visible fracture system, fluid recovery system, data
acquisition, and control system. Among these six parts,
the width and height of the visible fracture system are
6mm and 0.6m. The length of the visible fracture system
is available in three modes, 2m, 4m, and 6m. The maxi-
mum pumping rate of the power delivery system is
200 L/min, which can complete the engineering simulation
experiment of the settlement pattern in the volume fractur-
ing proppant-supported fracture.

The device can simulate a segment of artificial fracture in
volume fracturing, which can be injected into the visual frac-
ture system at different velocities by a powered delivery sys-
tem. The flow of fracturing fluid or sand-carrying fluid in the
fracture and the proppant transport and placement can be
clearly observed through the transparent Plexiglas of the
visual fracture system.

2.3. Experimental Steps. The experimental schedule for the
visualization of the flow state in the proppant-supported
fracture is as follows:

Step 1: connect the experimental apparatus, ensure the
sealing of the experimental device, start the data acquisition
and control system of the experimental device, and clear the
data to zero.

Step 2: close the outlet of the sand mixing tank of the
sand mixing system, inject the amount of fracturing fluid
required for the experiment, calculate and measure the num-
ber of additives required for the slickwater, open the agitator
of the sand mixing tank, and add the required additives.

Step 3: open the outlet of the sand mixing tank, start the
screw pump of the fluid supply and pumping system, inject
fracturing fluid into the simulated fracture, and wait for the
fracturing fluid to fill the whole fracture.

Step 4: calculate and measure the number of proppant
particles required for the experiment, add it to the powder
delivery system, adjust the transfer velocity of the sand

Table 1: Performance parameters of slickwater.

Term Apparent viscosity (mPa·s) pH Surface tension (mN/m) Interfacial tension (mN/m)

Parameters 1~100 6.5~7.0 24~26 0.8~1.8
Term CST ratio Linear expansion rate (%) Residue content (mg/L) Resistance reduction rate (%)

Parameters 0.7~1.2 1.1~2.5 20~50 50~74

Table 2: 40/70 mesh ceramsite proppant performance parameters.

Term Average diameter (μm) Sphericity Acid solubility (%) Turbidity (FTU)

Parameters 320~370 0.9 3.1~6.4 38~79
Term Bulk density (g/cm3) Apparent density (g/cm3) 9% crushing grade of domestic proppant (K)

Parameters 1.5~1.8 2.5~2.9 12.5~15.0

Figure 1: 40/70 mesh ceramsite proppant appearance.
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transfer device to ensure that it is mixed with the fracturing
fluid in the sand mixing tank to reach dynamic equilibrium,
adjust it to the sand concentration required for the experi-
ment, turn on the screw pump and data acquisition system,
and start the experiment.

Step 5: from the time the proppant starts to enter the
fracture timing, the experimental process is filmed using
the high-resolution video camera in the data acquisition
and control system to record the proppant in proppant-
supported fracture settlement patterns throughout the experi-
mental process under different experimental conditions.

Step 6: after the sand mixing liquid is pumped, sand mix-
ing system, fluid supply and pumping system, and powder
delivery system are shut down, the data acquisition system
is closed, and the experiment is finished.

Step 7: the visible fracture system is flushed with clean
water. In the fluid recovery system, the proppant and frac-
turing fluid are separated and the proppant particles are col-
lected and dried for reuse, while the fracturing fluid is
uniformly recycled for disposal.

2.4. Experimental Scheme. The experiments follow the
Reynolds similarity principle by converting the volume
fracturing field operation pumping rate to the flow rate
of the intrafracture fluid in the visible fracture system
in the experimental setup, calculated as follows:

ve =
vf

hf ×wf × 2 × he ×weð Þ: ð1Þ

The parameters in Equation (1) are shown in Table 3.
At present, the characteristics of the volume fracturing

process are the high pumping rate, large amount of fractur-
ing fluid and proppant usage, small particle size, and low
sand ratio. The main technical parameters are as follows:
the horizontal section is 1000~1500m long, divided into
15~20 segments, each segment is divided into 4~6 clusters
of perforation, the spacing of the cluster of perforation is
20~30m, the pumping rate is 10m3/min or more, the aver-
age sand ratio concentration is 100~240 kg/m3, the fractur-
ing fluid volume is 1500~2000m3 per segment, and the
proppant volume is 100~150 t per segment. The fracturing
fluid system combines slickwater and linear rubber, and
the proppant volume is mainly 40/70 mesh.

In order to study the effects of pumping rate, fluid vis-
cosity, proppant density, and proppant pumping schedule
on the law of proppant settlement, we combined the current
field volume fracturing operation parameters to design
experiment cases, such as in Table 4.

3. The Characteristics of Sand
Carrying by Slickwater

Figure 4 indicates the transport process of proppant in frac-
ture, where Ho is defined as the fracture height and He is
defined as the equilibrium height of the sand dike. After
the proppant particles enter the fracture, the sand dike will

Fluid supply and pumping system

Fluid recovery system

Visible fracture system

Sand mixing system

Powder delivery system

Figure 2: The technological process of an experimental device for visualization of flow state in proppant-supported fracture.

Figure 3: Experimental device for visualization of proppant flow
state in proppant-supported fracture.
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gradually accumulate with time. Until the height of the sand
dike no longer increases, it is the equilibrium height. The
t1~t8 are the sand dike forms under the nth minute.

It was found that in the first to fourth minutes of the
initial stage of sand carrying by slickwater, the sand-
carrying liquid flows out from the borehole at high veloc-
ity. The proppant settles to the bottom of the fracture by
gravity to form a sand dike. With the sand-carrying liq-
uid’s continuous pumping, the length and height of the
sand dike gradually increase. Finally, the sand dike gradu-
ally reaches the equilibrium height near the fracture inlet.
After reaching equilibrium height, proppant particles rolled
up and sunk in the fracture reach equilibrium, and the
height of the sand dike remains unchanged. This stage is
sand dike formation.

In the intermediate stage of sand carrying by slickwater
at 5-6 minutes, the gap between the top of the sand dike
and the top of the fracture will reduce to a minimum when
the sand dike near the wellbore reaches the equilibrium
height. Because the number of proppant particles settling
at this location equals the number of proppant being carried
away, settlement occurs after the proppant is transported to
the sand dike to reach the equilibrium height. Due to the
injected sand-carrying liquid, the dike of sand that has
reached equilibrium height flows over it and settles before
flowing to a location where it has not yet reached equilib-
rium height. Thus, the final equilibrium height will keep
moving towards the flow direction towards the front of the
flow. This stage is sand dike balance.

At 7-8 minutes of the final stage of sand carrying by
slickwater, the front section of the sand dike reaches the
equilibrium height. In this stage, the sand dike grows only

in the length direction with the injection of sand-carrying
liquid, and the height always maintains the equilibrium
height, and the sand dike always grows forward with the
equilibrium height. This stage is sand dike advancement.

In summary, the whole process of sand carrying by slick-
water and proppant settlement in fractures can be divided
into three stages: sand dike formation, sand dike balance,
and sand dike advancement.

4. Experimental Results and Analysis

4.1. The Effect of Pumping Rate on the Law of Sand Carrying
by Slickwater. Volume fracturing with large fluid volumes
and a high pumping rate is usually used to stimulate the
shale gas and tight gas reservoirs. Under the condition of
the same total proppant dose and concentration of prop-
pant, we studied the effect of pumping rate on the law of
sand carrying by slickwater. The pumping rates in the exper-
imental cases are 40 L/min, 60 L/min, and 80 L/min. These
three cases correspond to field operation pumping rates of
6m3/min, 8m3/min, and 12m3/min, respectively. The
height of the sand dike with different pumping rates at dif-
ferent times is shown in Figure 5, and the final shape of
the sand dike is shown in Figure 6.

From Figures 5 and 6, we can see that different pumping
rates have a significant effect on the shape of the sand dike
under the condition. As the pumping rate increases, the hor-
izontal transport velocity of particles increases, and the equi-
librium height of the sand dike decreases. The equilibrium
height of the sand dike is 0.44m when the pumping rate is
40 L/min, 0.42m when it is 60 L/min, and 0.39m when it is
80 L/min. The pumping rate increases cause the sand dike

Table 4: Experimental scheme of proppant settlement and transport in proppant-supported fracture of volumetric fracturing proppant.

No.
Pumping rate

(L/min)
Liquid viscosity

(mPa·s)
Proppant bulk density

(g/cm3)
Proppant concentration

(kg/m3)
Proppant pumping schedule

1 40 3 1.50 150 Sand uniformly throughout the whole process

2 60 3 1.50 150 Sand uniformly throughout the whole process

3 80 3 1.50 150 Sand uniformly throughout the whole process

4 80 30 1.50 150 Sand uniformly throughout the whole process

5 80 100 1.50 150 Sand uniformly throughout the whole process

6 60 3 1.65 150 Sand uniformly throughout the whole process

7 60 3 1.80 150 Sand uniformly throughout the whole process

8 60 3 1.50 80~220 Slope sand throughout the whole process

9 60 3 1.50 80~220 Slug slope sand throughout the whole process

Table 3: Meaning of the symbols in Equation (1).

Symbol Ve V f hf

Meaning Pumping rate of indoor experiment (m3/min) Field pumping rate (m3/min) The height of the hydraulic fracture (m)

Symbol Wf He We

Meaning
The width of the hydraulic

fracture (mm)
The height of fracture in visible

fracture system (m)
The width of the fracture in the visible

fracture system (mm)
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to become gentle and tend to transport deep into the frac-
ture. Thus, the proppant cannot be delivered deep into the
fracture when the pumping rate is low. During the process
of field operation, to form a long and effective proppant-
supported fracture, the operation pumping rate should be
increased as much as the conditions allow. However, we can-
not increase the pumping rate without limitation because the
pumping rate increase causes equilibrium height reduction
and low concentration of proppant near the fracture inlet.
This is not conducive to forming proppant-supported frac-
ture with high conductivity at the fracture inlet, as shown
in Figure 6.

4.2. The Effect of Liquid Viscosity on the Law of Sand
Carrying by Slickwater. The advantages of low viscous slick-
water are low reservoir damage, large stimulation reservoir
volume, and low cost, but the disadvantage is limited sand-
carrying capacity. The high-viscosity fracturing fluid has a
positive sand-carrying capacity, but it is harmful to the res-
ervoir and too expensive. To improve the sand-carrying
capacity of slickwater and reduce reservoir damage and the
cost of volume fracturing, we need to establish a variable-
viscosity slickwater liquid system. Thus, we investigated the
effect of liquid viscosity on the law of proppant settlement
in slickwater. The results of this part of the study can guide
the optimal formation of a variable-viscosity slickwater liq-
uid system to meet the requirements of increasing the vol-
ume of reservoir stimulation and sand-carrying capacity of
slickwater. The cases used in the experiments were all per-
formed under the same total proppant and pumping rate
conditions. The pumping rate in the experiment is 80 L/
min. Figure 7 reveals the height of the sand dike at different
times with different liquid viscosities, and Figure 8 shows the
final shape of the sand dike. It can be seen in Figure 7 that
the viscosity is 3mPa·s, 30mPa·s, and 100mPa·s, respec-
tively, when the liquid is low-viscosity slickwater, medium-
viscosity slickwater, and high-viscosity slickwater. The time
to reach equilibrium height for sand dikes with low viscous
slickwater and medium viscous slickwater was 4.0min and
3.0min, respectively. The equilibrium heights of sand dikes
are 0.41m and 0.32m for low viscous slickwater (viscosity
of 3mPa·s) and medium viscous slickwater (30mPa·s) con-
ditions, respectively, as shown in Figure 8. Due to the high
viscous slickwater with high sand-carrying capacity, the
proppant advances uniformly forward in the fracture, and
the settlement rate is slow. The sand dike advances uni-
formly in the fracture.

In summary, the effect of slickwater viscosity on the law
of sand-carrying capacity by slickwater is consistent with the

H0
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t3

t4

H0

He

He

H0He

t1-4

t1-6

t6t5

t7 t8

Figure 4: The process of sand carrying by slickwater and proppant transport.
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Figure 5: The height of the sand dike in sand carrying by
slickwater with different pumping rates.
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trend of pumping rate on the law of sand carrying by slick-
water. Furthermore, the effect of liquid viscosity on the
sand-carrying capacity of slickwater is more significant than
the pumping rate. Therefore, during field operation in order
to form the proppant-supported fracture with a longer
length and higher conductivity, slickwater with high viscos-
ity should be selected as far as possible under the condition
of satisfying the reservoir damage so that the proppant can
be transported to the fracture tips.

4.3. The Effect of Proppant Bulk Density on the Law of Sand
Carrying by Slickwater. Proppant is used in volume fractur-
ing to establish proppant-supported fracture with high con-
ductivity, thus ensuring the reservoir stimulation effect.
Under the condition of the same total proppant dose and

pumping rate, the study on the effect of different proppant
types on the settlement pattern of proppant was carried
out, which adopts the pumping rate was 60 L/min. Figure 9
indicates the height of the sand dike at different times with
different proppant densities, and the final shape of the sand
dike is shown in Figure 10. It was found that different prop-
pant density impacts the shape of the sand dike at the same
total proppant dose and pumping rate. As the proppant den-
sity decreases, the horizontal transport velocity of particles
decreases, and the equilibrium height of the sand dike
decreases. When the proppant density is 1.80 g/cm3, the
sand dike equilibrium height is 450mm. When the proppant
density is 1.65 g/cm3, the sand dike equilibrium height is
0.43m. When the proppant density is 1.50 g/cm3, the sand
dike equilibrium height is 0.42m. Sand dike thus becomes
smoother, and similar to the increased pumping rate, there
is a tendency for proppant to be transported deeper into
the fractures. Overall, the influence of proppant density on
proppant settling law is opposite to the influence of
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Figure 6: The shape of the sand dike formed by proppant sedimentation in sand carrying by slickwater with different pumping rates.
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Figure 7: The height of the sand dike in sand carrying by
slickwater with different liquid viscosities.
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pumping rate on proppant settling law, and the influence of
proppant density on proppant settling law is smaller than
the influence of pumping rate on proppant settling law. Dur-
ing the field construction, to form the proppant-supported
fracture with a longer length and higher conductivity, low-
density proppant should be used as much as possible under
the condition that the compressive strength of the proppant
is satisfied, which can make the proppant delivered to the
depth of the fractures.

4.4. The Effect of Proppant Pumping Schedule on the Law of
Proppant Settlement. In order to meet the needs of the reser-
voir stimulation, slope sand and slug slope sand pumps are
selected to inject the proppant schedule [13, 14]. Thus, we
researched the effect of the proppant pumping schedule on

the law of proppant settlement with the condition of the
same total proppant dose and pumping rate, and the pump-
ing rate in the experiment was 60L/min. Figure 11 shows the
height of the sand dike at different times with different prop-
pant pumping schedules, and the final shape of the sand dike
is shown in Figure 12. Different proppant pumping sched-
ules significantly affect sand dike morphology for the same
total proppant dose and pumping rate. The height of the
sand dike grows more rapidly in uniform sand addition
throughout the whole process. When slope sand addition is
used, the initial increase in the height of the sand dike is slow
due to the low proppant concentration at the beginning of
pumping. With slope sand addition, the proppant concen-
tration becomes more significant at the later stage of pump-
ing, resulting in an increase in proppant concentration at the
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Figure 9: The height of the sand dike in sand carrying by slickwater with different proppant densities.
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fracture inlet, which can form a proppant-supported fracture
with high conductivity. Compared to slope sand addition,
when slug slope sand addition is used, the proppant-free liq-
uid has a more substantial scouring effect on the sand dike.
It can transport the proppant to the depth of the fracture,
thus forming a better proppant-supported fracture both near
the fracture inlet and deeper in the fracture.

5. Conclusion

(1) With the pumping rate increases, the horizontal
transport velocity of particles increases and the equi-
librium height of the sand dike decreases, among

which the equilibrium height of the sand dike is
0.44m, 0.42m, and 0.39m for the pumping rate of
40 L/min, 60 L/min, and 80 L/min, respectively. The
pumping rate increases cause the sand dike to
become gentle and tend to transport deep into the
fracture. Thus, the pumping rate should be increased
as much as possible during the field operation pro-
cess of volume fracturing

(2) When the viscosity is low viscous slickwater (3mPa·s)
and medium viscous slickwater (30mPa·s), the equi-
librium height of the sand dike produced is 0.41m
and 0.32mm, respectively. Due to the high viscous
slickwater (viscosity 100mPa·s) with great sand-
carrying capacity, the proppant advances evenly for-
ward in the fracture, the settlement rate is slow, and
the sand dike advances evenly in the fracture. During
the field operation process, to form the proppant-
supported fracture with a longer length and higher
conductivity, slickwater with high viscosity should be
selected as much as possible under the acceptable con-
dition of reservoir damage, which can make the prop-
pant deliver to the depth of fractures

(3) As the density of the proppant decreases, the equilib-
rium height of the sand dike decreases, where the
equilibrium height of the sand dike is 0.45m,
0.43m, and 0.42m when the density of the proppant
is 1.80 g/cm3, 1.65 g/cm3, and 1.50 g/cm3, and the
sand dike thus becomes more gentle. During the field
operation process, to form the proppant-supported
fracture with a longer length and higher conductivity,
low-density proppant should be used as much as pos-
sible under the condition that the compressive
strength of the proppant is satisfied, which can enable
the proppant to be delivered deeper into the fractures

(4) In different proppant pumping schedules, the sand
dike height grows more rapidly when the whole pro-
cess of uniform sand addition is used. Because the
low concentration of proppant is selected at the
beginning of the pumping schedule, the initial
increase of the height of the sand dike is slower when
slope sand addition is used. Furthermore, the con-
centration of proppant at the fracture inlet and the
proppant-supported fracture with high conductivity
during later in the pumping schedule. Compared
with the slope sand addition, when slug slope sand
addition is used, the proppant-free liquid has a
stronger flushing effect on the sand dike. Thus, the
proppant is transported to the depth of the fracture.
And the proppant-supported fracture with higher
conductivity both near the fracture inlet and deep
in the fracture is formed. It can help achieve better
oil and gas production

Data Availability

The experiment data used to support the findings of this
study are included within the article.
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Figure 11: The height of the sand dike in sand carrying by
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