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Proppant concentration and fracture surface morphology are two significant fractures that can affect proppant transport and
deposition behavior especially in tight and oil and gas reservoirs. This paper proposed a new set of similarity criteria for
proppant experimental design by incorporating proppant concentration and fracture roughness. Based on the proposed
criterion, proppant transport experiments in hydraulic fractures of tight oil and gas reservoirs were conducted to explore the
proppant placement behavior and identify the key parameters that affected the fracture propping efficiency. Results showed
that the proposed similarity criterion can be used to evaluate the onsite proppant transport behavior and optimize hydraulic
fracturing parameters. Results showed that the fracture placement efficiency of LD C7 tight oil reservoir is mainly affected by
sand ratio and fracturing fluid viscosity. The sand ratio in the LD C7 tight oil reservoir should not be less than 8%, and the
optimal carrying fluid viscosity is 5mPa s. The proppant placement efficiency of the SLG H8 tight gas reservoir is mainly
affected by the displacement rate and frac fluid viscosity. The displacement rate of SLG H8 tight gas reservoir should not be
less than 3.5m3/min, and the optimal carrying fluid viscosity is 15mPa s.

1. Introduction

In recent years, the hydrocarbon production from conven-
tional oil and gas reservoirs has been reduced dramatically
and some of the reservoirs were depleted due to uneconom-
ical production rate. However, the production of unconven-
tional oil and gas reservoirs has been enhanced significantly
with the technical innovation of horizontal well drilling and
hydraulic fracturing. The objective of hydraulic fracturing is
to create a low fluid flow resistance channel, usually called
hydraulic fracture, thus enhancing hydrocarbon productiv-
ity from the rock matrix. After fracture initiation, proppants
are added to frac fluid and pumped to support the fracture
open thus reducing hydrocarbon flow resistance. More and
more oil and gas companies realized the importance of
hydraulic fracturing on the economic exploitation of uncon-
ventional oil and gas. If the fracture width and the total sand
volume are the same, the propped fracture area should be

the same. However, the shape of the proppant dune should
be different. For the tight oil and gas reservoir, the matrix
permeability is extremely low (<1mD), and the primary
objective of hydraulic fracturing is to create a longer
propped fracture with a lower propped height to promote
the tight oil and gas productivity. For conventional oil and
gas reservoir, the matrix permeability is relative higher
(>10mD), and the primary objective of hydraulic fracturing
is to create a shorter fracture with a higher propped height to
bypass the permeability damage section near the wellbore.
Reducing flow resistance can be achieved by effective proppant
placement. The proppant placement efficiency is affected by
numerous factors such as fracture morphology, proppant con-
centration, slurry rate, viscosity, proppant density, and size.
Proppant transport behavior in the fracture has been investi-
gated by numerous scholars experimentally, theoretically,
and numerically. Kern et al. [1] designed vertical narrow
troughs and conducted proppant transport experiments.
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Babcock et al. [2] and Fredrickson and Broaddus [3] suggested
to use two parallel transparent plexiglass plates as proppant
migration and settlement experimental devices. Schols and
Visser [4] introduced a high-speed camera system to record
proppant transport behavior. Vlis et al. [5] studied the effect
of frac fluid viscosity and proppant size on the proppant settle-
ment and migration behavior in fractures using a visualized
flat plate. Sievert et al. [6] evaluated the influence of proppant
concentration and multiproppant interaction on the proppant
placement behavior in fractures. Roodhart [7] evaluated the
effect of the slurry rate on the proppant settlement and migra-
tion mechanism. Abdulrahman [8] took the fracture width
into consideration. Barree and Conway [9] found that the fil-
tration of frac fluid could affect the settlement and migration
process of proppant in fractures. Liu and Sharma [10] studied
the effect of fingering phenomenon on proppant transport
behavior. Dayan et al. [11] designed a narrow-fracture equip-
ment and investigated proppant transport behavior in shale
reservoirs. Li et al. [12] explored the effect of different prop-
pant densities on proppant sedimentation. Wen et al. [13]
published a fracturing simulator that could simulate the prop-
pant transport behavior numerically. Guo et al. [14] proposed
a large-scale fracture transport device to simulate the proppant
settling behavior. Du et al. [15] used the prop fracture length
as a key factor to explore the settlement and migration mech-
anism with frac fluid type and pumping schedule considered.
Cheng and Zhou [16] published an extended finite element
method framework to evaluate frictional contact on crack slip.
Zhan et al. [17] designed a complex fracture experimental
device which could simulate “一”, “十”, “T”, and “H” shape frac-
tures. In order to simulate proppant transport behavior with
more factors considered, the scale of proppant transport eval-
uation apparatus is becoming larger and more complex.
Zhang et al. [18] used a pulse plug sand pumping schedule
to simulate the settlement behavior in a single fracture; prop-
pant size and size combinations were also considered. He [19]
further studied the effect of perforation density and phase
angle on the proppant settlement efficiency. The published
experimental results and theoretical models can help to guide
hydraulic fracturing design, promote hydrocarbon produc-
tion, and maximize economic benefits. Cheng and Zhou [20,
21] proposed an energy-based criterion of crack branching
and conducted numerical simulation to evaluate the dynamic
frictional contact problem.

However, the relationship between the indoor proppant
transport experimental parameters and onsite hydraulic
fractures has not been throughout investigated. Sahai et al.
used equal flow rates as the similarity standard to study
the proppant settlement and migration process. Hu [22] sug-
gested to conduct proppant transport experiments using the
same flow pattern and flow rate as the onsite fracturing pro-
cess. Li [23] suggested that the Froude number and Reynolds
number of the indoor experiment should be equal to those of
the onsite hydraulic fracture operations. Sinkov et al. [24]
pointed that the proppant to fracturing fluid density ratio
should be considered when calculating the Froude number.

Numerous researchers have published their experimen-
tal results and similarity criterion on the proppant behavior
in the designed fractures. Most of the published papers

focused on the theoretical proppant transport mechanics
without the onsite hydraulic fracture operation condition
and parameters. It is crucial to establish a reliable proppant
transport similarity criterion to ensure that the indoor
experiment can simulate the onsite proppant transport pro-
cess. In order to reveal the true proppant transport behavior,
the similarity criterion should ensure that the indoor prop-
pant transport experiment can be represented to the onsite
proppant transport operations. In this case, some factors
such as flow regime, fracture geometry, and proppant set-
tling time along the fracture and proppant kinematic must
be taken into account simultaneously. The novelty of this
paper is to propose integrated similarity criterion and con-
duct serious indoor experiments to reveal the proppant
transport behavior of tight oil and gas reservoir. Based on
this criterion, onsite proppant transport parameters can be
converted into indoor experimental parameters thus evalu-
ating the proppant placement efficiency.

2. Similarity Criterion

The proposed similarity criterion includes five factors which
are fracture geometric similarity factor, proppant settling
velocity similarity factor, proppant Reynolds number simi-
larity factor, fluid Reynolds number similarity factor, and
particle Froude number similarity factor. The fracture geo-
metric similarity factor is used to design the indoor fracture
geometric parameter (fracture width and length) which can
simulate the onsite hydraulic fracture geometry; the prop-
pant settling velocity similarity factor is used to simulate
the proppant transport time along the onsite hydraulic frac-
ture; the proppant Reynolds number similarity factor is used
to simulate the proppant kinematic during the process of
proppant transport; the fluid Reynolds number similarity
factor is used to simulate the fluid flow regime of the onsite
flow regime; the particle Froude number similarity factor is
used to simulate the relationship between the onsite prop-
pant transports in the horizontal and vertical direction. It
is crucial to ensure that all the indoor experimental parame-
ters are satisfied with the onsite hydraulic fracturing condi-
tion. In this case, similarity ratios are proposed to justify
the indoor experimental parameters. The similarity ratio is
defined as the ratio between the indoor experimental factors
to the onsite hydraulic fracturing operation factor. If all the
similarity ratios of the five factors are all in the range of
0.9 to 1.1, the indoor experimental parameters are satisfied
to the corresponding onsite hydraulic fracturing operations.
The specific similarity ratios of the proposed similarity fac-
tors are listed as follows.

Fracture geometric similarity ratio is calculated as follows:

Fg =
L
l
= H

h
, ð1Þ

where L andH represent the length and height of the real frac-
ture, respectively (unit: m) and l and h are the length and
height of indoor simulated fractures, respectively (m).

The proppant settling velocity similarity ratio is used to
confirm that the horizontal velocity to vertical velocity
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proportion of the indoor experiment is similar to that of the
onsite hydraulic fracturing operation.

Proppant settling velocity similarity ratio is calculated as
follows:

Fset =
Fonsite
Findoor

= LhV s‐onsiteV l‐indoor
lHV s‐indoorV l‐onsite

, ð2Þ

where Fonsite is the ratio of the time required for the prop-
pant to move one unit horizontal distance to the time
required for the proppant to move one unit vertical distance
in the real fracture. Findoor is the ratio of the time required
for the proppant to move one unit horizontal distance to
the time required for the proppant to move one unit vertical
distance in the experimental fracture. V s−onsite is the settle-
ment velocity of proppant particles in the real fracture (m/
s). V s−indoor is the settlement velocity of proppant particles
in the experimental fracture (m/s). V l−onsite is the horizontal
migration rate of proppant particles in the real fracture (m/
s). V l−onsite is the horizontal migration rate of proppant par-
ticles in the experimental fracture (m/s).

Proppant Reynolds number similarity ratio is calculated
as follows:

FpRe =
Res1
Res2

= ρ1vonsited1/μ1
ρ2vindoord2/μ2

, ð3Þ

where Res1 and Res2 are the Reynolds numbers of proppant
particles in real fracture and simulated fracture, respectively.
ρ1 and ρ2 are the real fracture fracturing fluid density and
simulated fracture fracturing fluid density, respectively (kg/
m3). vonsite and vindoor are the true velocity of proppant par-
ticle in the real fracture and the true velocity of proppant
particle in the simulated fracture, respectively (m/s). d1
and d2 are the proppant particle size in the real fracture
and proppant particle size in the simulated fracture, respec-
tively (m). μ1 and μ2 are the real fracture fracturing fluid vis-
cosity and simulated fracture fracturing fluid viscosity,
respectively (mPa s).

Fluid Reynolds number similarity ratio is calculated as
follows:

FlRe =
Rel1
Rel2

=
ρ1vonsite 4Hwonsite/2 H+wonsiteð Þð Þ/μ1

ρ2vindoor 4hwindoor/2 h +windoorð Þð Þ/μ2
, ð4Þ

where Rel1 and Rel2 are the Reynolds numbers of fracturing
fluids in the real fracture and in the simulated fracture,
respectively. vonsite and vindoor are the flow rates of fracturing
fluid in the real fracture and in the simulated fracture, respec-
tively (m/s). wonsite and windoor are the fracture widths of the
real fracture and the simulated fracture, respectively (m).

Proppant Froude number similarity ratio is calculated as
follows:

FFr =
Fr1
Fr2

= vonsite/
ffiffiffiffiffiffiffiffi

gd1
p

vindoor/
ffiffiffiffiffiffiffiffi

gd2
p

, ð5Þ

where Fr1 and Fr2 are the Froude numbers of the proppant
in the real fracture and in the simulated fracture, respec-
tively. g is the acceleration of gravity (m/s2).

Fracture wall morphology correction coefficient and
proppant concentration correlation coefficient were also
considered, which can be calculated by the correction equa-
tion proposed by Novotny [25]. With all the proposed sim-
ilarity factors, the accuracy of the simulated proppant
transport process experiment is more reliable and the result
can be more credible.

The proppant concentration correction coefficient can
be calculated as follows [26]:

f C =
1 − C

101:82C
, ð6Þ

where f C is the proppant concentration correction coeffi-
cient. C is the proppant concentration (%).

The fracture wall morphology correction coefficient can
be calculated as follows [27]:

hw = 0:563
dp
w

� �2
− 1:563

dp
w

� �

+ 1, ð7Þ

where hw is the fracture wall morphology correction coeffi-
cient. dp is the proppant diameter (m). w is the fracture
width (m).

3. Proppant Transport Experiments

3.1. Experimental Apparatus. The proppant transport exper-
iment was conducted with a large-scale visual sand-carrying
migration evaluation apparatus, which was composed of six
parts, including pumping system, visual fracture, sand-
mixing tank, circulation system, sand washing system, and
an electronic control system, as shown in Figure 1. The max-
imum displacement rate of the centrifugal pump can be
8m3/min, which fully meets the requirements of frac fluid
pumping rate. The visual fracture is composed of 10 trans-
parent parallel plexiglass plates. The overall length of the
fracture is 2.5m, and the height of the fracture is 0.5m,
and the width of the fracture is 4mm. The inlet and outlet
sections of the proppant transport experimental apparatus
are shown in Figure 1(c).

3.2. Experimental Design and Material Preparation. The pro-
posed similarity criterion has been coded via Excel and the
proposed similarity ratio can also be calculated. The pro-
posed five similarity ratios can be calculated to meet the sim-
ilarity criterion. The programmed calculation spreadsheet is
shown in Table 1. The hydraulic fracturing onsite operation
parameters are included and taken as an example to explain
the design of the indoor experimental parameters. From
Table 1, the fracture geometry similarity ratio is 0.96, the
proppant settling velocity similarity ratio is 1.08, the prop-
pant Reynolds number similarity ratio is 1.07, the fluid
Reynolds number similarity ratio is 1.08, and the proppant
Froude number similarity ratio is 0.95. All the proposed sim-
ilarity ratios are laid in between 0.9 and 1.1, indicating that
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(a) (b)

(c) (d)

Figure 1: The physical diagram of the large-scale visual sand-carrying migration evaluation device: (a) centrifugal pump, (b) control system,
(c) visual fractures, sand-mixing tank, and circulation system, and (d) sand washing system.

Table 1: Programmed similarity criterion (example LD C7).

Parameter Onsite Indoor Unit

Fracture length 2:40E + 02 2:50E + 00 m

Fracture height 5:00E + 02 5:00E − 01 m

Fracture width 8:00E − 03 4:00E − 03 mm

Fracture velocity 1:88E − 01 1:40E − 01 m/s

Frac fluid density 1:00E + 03 1:00E + 03 kg/m3

Frac fluid viscosity 5:00E − 03 2:00E − 03 mPa s

Proppant density 2:42E + 03 2:31E + 03 kg/m3

Proppant diameter 1:65E − 04 8:30E − 05 μm

Sand ratio 5:70E − 02 1:00E − 02 %

Proppant settling velocity 1:66E − 02 8:61E − 03 m/s

Fracture roughness factor 9:68E − 01 9:68E − 01
Proppant concentration coefficient 7:43E − 01 9:49E − 01
Ture settling velocity 1:19E − 02 7:91E − 03 m/s

Ture horizontal velocity 1:88E − 01 1:40E − 01 m/s

Flow rate 4:50E + 00 1:68E − 02 m3/min
Frac fluid Reynolds number 6:00E − 01 5:56E − 01
Proppant Reynolds number 6:20E + 00 5:82E + 00
Proppant Froude number 1:46E − 02 1:54E − 02
Proppant settling velocity 3:05E − 01 2:83E − 01
Fracture geometry 4:8E + 01 5:0E + 01
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the indoor experimental parameters can be used to simulate
the onsite hydraulic fracturing process. It is crucial to be
noticed that the designed indoor parameters are not unique;
some parameters such as fracture velocity, proppant diame-
ter, and fluid density can be changed for the indoor experi-
mental design. The designed indoor parameters must be
dependent on the physical reliable range and availability of
the experimental materials. In the previous proppant exper-
imental design, it is preferred that the sand and fluid used in
slot tests should be the same to the field designs. This will
ensure the same proppant settling velocity and drag force
applied to the particles. However, some other similarity
ratios of other factors such as proppant Froude number
and proppant Reynolds number cannot be met. The pro-
posed similarity criterion can solve this problem.

In this paper, the proppant transport behavior of LD C7
tight oil formation and the SLG H8 tight gas formation of
CQ oilfield in China was taken as an example. According
to the hydraulic fracturing operation parameters, a series
of indoor experiments were conducted. The experiments
include field evaluation experiments and parameter optimi-
zation experiments. All the indoor experimental parameters
were designed by the proposed similarity criterion. The field

evaluation experiments were used to reveal the currently
proppant placement behavior while the optimization exper-
iments were conducted to identify the key factors that could
contribute to the proppant placement behavior. The field
operation parameters and designed experimental parameters
of LD C7 and SLG H8 are showed in Tables 2–8.

In the field evaluation experiments, in order to simulate
the field proppant transport and settling behavior, the field
proppant slurry pumping schedule was used. The field
proppant and fracturing fluid volume were scaled to the
indoor experimental parameters. Other indoor experimen-
tal parameters were designed based on the proposed
similarity criterion. In the parameter optimization experi-
ments, proppant was designed by changing the displace-
ment rate, proppant size, proppant concentration, and
frac fluid viscosity. The proppants used in the indoor
experiments include 40-70 mesh quartz sand with a density
of 2537 kg/m3, 120~140 mesh quartz sand with a density of
2393kg/m3, 180 mesh quartz sand with a density of 2308kg/
m3, 40~70 mesh ceramic with a density of 2668kg/m3, and
100-140 mesh ceramic with a density of 2565kg/m3. The frac-
turing fluid viscosities are 2mPa s, 3mPa s, 5mPa s, 8mPa s,
and 11mPa s.

Table 2: Evaluation experiment scheme of LD C7.

Experiment no.
Displacement rate Viscosity Sand ratio

Particle size and density
(quartz sand)

Field Field Indoor Field Field Indoor
m3/min mPa s mPa s % Mesh Mesh

1

5.6 6 2 6.0 100 180

4.8 6 2 6.0 40/70 120/140

4.8 6 2 6.0 20/40 40/70

2

3.7 14 5 6.0 100 180

3.7 14 5 6.0 40/70 120/140

3.7 14 5 6.0 20/40 40/70

3

4.5 5 2 5.7 100 180

4.5 5 2 15.8 40/70 120/140

4.5 13 5 24.6 20/40 40/70

4

3.0 5 2 5.7 100 180

3.0 5 2 15.8 40/70 120/140

3.0 13 5 24.6 20/40 40/70

Table 3: Displacement rate exploration experiment scheme of LD C7.

Experiment no.
Displacement rate Viscosity Sand ratio

Particle size and density
(quartz sand)

Field Field Indoor Field Field Indoor
m3/min mPa s mPa s % Mesh Mesh

CD1

4.5 5 2 5.7 100 180

4.5 5 2 15.8 40/70 120/140

4.5 14 5 24.6 20/40 40/70

CD2

3.0 5 2 5.7 100 180

3.0 5 2 15.8 40/70 120/140

3.0 13 5 24.6 20/40 40/70

5Geofluids



Table 5: Fracturing fluid viscosity exploration experimental scheme of LD C7.

Experiment no.
Displacement rate Viscosity Sand ratio

Particle size and density
(quartz sand)

Field Field Indoor Field Field Indoor
m3/min mPa s mPa s % Mesh Mesh

CV1 4.8 3 1 6.0 20/40 40/70

CV2 4.8 5 2 8.0 20/40 40/70

CV3 4.8 6 2 6.0 20/40 40/70

CV4 4.4 9 3 8.0 20/40 40/70

CV5 4.5 14 5 24.6 20/40 40/70

CV7 4.1 30 11 8.0 20/40 40/70

CV8 4.8 3 1 6.0 40/70 120/140

CV9 4.8 5 2 8.0 40/70 120/140

CV10 4.4 9 3 8.0 40/70 120/140

CV11 4.9 14 5 8.0 40/70 120/140

Table 4: Sand concentration exploration experiment scheme of LD C7.

Experiment no.
Displacement rate Viscosity Sand ratio

Particle size and density
(quartz sand)

Field Field Indoor Field Field Indoor
m3/min mPa s mPa s % Mesh Mesh

CS1 4.8 6 2 6.0 20/40 40/70

CS2 4.8 5 2 8.0 20/40 40/70

CS3 4.8 5 2 6.0 40/70 120/140

CS4 4.8 5 2 8.0 40/70 120/140

Table 6: Evaluation experiment scheme of SLG H8.

Experiment no.
Displacement rate Viscosity Sand ratio

Particle size and density
(quartz sand)

Field Field Indoor Field Field Indoor
m3/min mPa s mPa s % Mesh Mesh

H1
4.5 15 5 20 40/70 100/140

4.5 15 5 20 20/40 40/70

H2
3.5 15 5 20 40/70 100/140

3.5 15 5 20 20/40 40/70

Table 7: Displacement rate exploration experiment scheme of SLG H8.

Experiment no.
Displacement rate Viscosity Sand ratio

Particle size and density
(quartz sand)

Field Field Indoor Field Field Indoor
m3/min mPa s mPa s % Mesh Mesh

HD1
4.5 15 5 20 40/70 100/140

4.5 15 5 20 20/40 40/70

HD2
3.5 15 5 20 40/70 100/140

3.5 15 5 20 20/40 40/70
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4. Experimental Results and Analysis of LD C7

The indoor experiment investigated the characteristics of
proppant transport and placement under the current
hydraulic fracturing operation parameters of LD C7 tight
oil formation and evaluated the effect of pumping rate, prop-
pant concentration, and frac fluid viscosity on the proppant
placement efficiency. The height and sand dune shape for
each experiment were recorded and analyzed.

4.1. Characteristics of Proppant Transport and Placement
under Current Fracturing Parameters. Some parameters,
including experimental proppant propped area, theoretical
propped area, and proppant placement efficiency, were
introduced and defined to evaluate the proppant transport
behavior. The experimental proppant propped area is
defined as the area of the proppant settled in the experimen-
tal fracture, while the theoretical propped area is defined as
the pumped proppant volume divided by the experimental
fracture width. The proppant placement efficiency is defined
as the ratio of experimental proppant propped area to the
theoretical propped area, which is an indicator of the prop-
pant propped efficiency. The proppant placement efficiency

under a variety of in situ fracturing parameters (experiments
in Table 2) was explored, and the summarized dimensionless
height results are shown in Figure 2. The dimensionless
height is defined as the ratio of the experimental proppant
propped average height to the theoretical propped average
height. It can be seen that the proppant placement efficiency
of experiments no. 1 to 4 was ranged from 0.68 to 0.86. The
difference between the experimental proppant propped effi-
ciency and the theoretical propped efficiency (is equal to 1)
was calculated. For example, the experimental proppant
propped efficiency of experiment no. 1 is 0.86, and the theo-
retical propped efficiency is 1, so the difference between the
experimental proppant propped efficiency and the theoreti-
cal propped efficiency of experiment no. 1 is 0.14. It can be
seen from Figure 2 that the difference range between the
experimental proppant propped efficiency and the theoreti-
cal propped efficiency of experiments no. 1 to 4 is from
0.32 to 0.14, which proved that the onsite proppant place-
ment was effective to some extent. Further experiments were
conducted to optimize the fracture placement efficiency.

4.2. Effect of Displacement Rate on Proppant Placement. The
displacement rate of experiment no. CD1 is 4.5m3/min, and
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Figure 2: Comparison of current parameter placement results.

Table 8: Fracturing fluid viscosity exploration experimental scheme of SLG H8.

Experiment no.
Displacement rate Viscosity Sand ratio

Particle size and density
(quartz sand)

Field Field Indoor Field Field Indoor
m3/min mPa s mPa s % Mesh Mesh

HV1 4.5 15 5 20 20/40 40/70

HV2 3.5 15 5 20 40/70 100/140

HV3 3.5 24 8 20 40/70 100/140
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the displacement rate of experiment no. CD2 is 3.0m3/min,
while the fracturing fluid viscosity, sand ratio, and injection
volume were kept constant. By comparing the experimental
results of no. CD1 and no. CD2, it is found that within the
operation displacement rate range of LD C7 tight oil forma-
tion, displacement rate does not affect the proppant place-
ment efficiency in the fracture; however, it can affect the
shape of the sand dune, as shown in Figures 3 and 4. If the
proppant is pumped at a low displacement rate, more prop-
pant will be deposited in the fracture near the wellbore,
which will lead to a large amount of fracture area unpropped
in the fracture far away from the wellbore. Therefore, it
should be better to choose a relatively higher displacement
rate to increase the fracture propping efficiency while keep-
ing the displacement rate in the operation available range.

4.3. Effect of Proppant Concentration on Proppant Placement.
Proppant concentration is one of the important parameters
that can affect the efficiency of proppant placement. High
proppant concentration can help to transport more proppant
in the fractures and enhance the fracture propping efficiency;
however, the risk of wellbore blockage or sand-out would also
be high. For LD C7 tight oil formation, we conducted some
experiments to figure out the lower limit of the proppant con-
centration for 20/40 mesh and 40/70 mesh quartz sand.
Figure 5 shows the dimensionless height of 40/70 mesh quartz
sand placement results under the proppant conditions of 6%
and 8%. As shown in Figure 6, for proppant concentration
of 6%, the dimensionless height formed by 20/40 mesh quartz
sand is 0.19, while for proppant concentration of 8%, the
dimensionless height is 0.36. The dimensionless height of 8%

(a) (b)

Figure 5: Layout diagram of sand dune with different sand ratios: (a) sand ratio of 6% and (b) sand ratio of 8%.
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Figure 3: Comparison of different displacement rate placement results.
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Figure 4: Layout diagram of sand dune with different displacement rates: (a) displacement rate of 4.5m3/min and (b) displacement rate of
3m3/min.
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20/40 mesh quartz sand was almost two times higher than that
of 6% 20/40 mesh quartz sand. Therefore, for 20/40 mesh
quartz sand, the proppant concentration should be no less
than 8%.

Figure 7 shows the dimensionless height of 40/70 mesh
quartz sand placement results under the proppant condi-
tions of 6% and 8%. For 6% proppant concentration, the
propped height is zero, while for 8% proppant concentra-
tion, the dimensionless height is 0.46, which is also shown

Figure 8: Embankment configuration of 40/70 mesh quartz sand
with 8% sand ratio.

0.4

0.3

Experimental proppant propped average height

0.2
Ex

pe
rim

en
ta

l p
ro

pp
an

t p
ro

pp
ed

 av
er

ag
e h

ei
gh

t

0.1

0.0
4 6

Sand ratio (%)

8 10

Figure 6: Comparison diagram of 20/40 mesh quartz sand placement results with different sand ratios.
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Figure 7: Comparison of 40/70 mesh quartz sand placement results with different sand ratios.
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in Figure 8. Therefore, for the 40/70 mesh quartz sand, the
proppant concentration should be no less than 8%.

4.4. Effect of Fluid Viscosity on Proppant Placement. The vis-
cosity of fracturing fluid is also one of the most important
factors that could affect proppant placement efficiency. We
conducted comparison experiments of 20/40 mesh quartz
sand with frac fluid viscosity of 3mPa s, 5mPa s, 6mPa s,
9mPa s, 14mPa s, and 30mPa s. Dimensionless height of
these experiments is shown in Figure 9. When the fracturing
fluid viscosity is 3mPa s, the dimensionless height of the
sand dune is 0.4 (the highest). When the fracturing fluid vis-
cosity is 5mPa s, 6mPa s, and 9mPa s, the height of the sand
dune is 0.36, 0.19, and 0.23, respectively. When the fractur-
ing fluid viscosity is 30mPa s, the dimensionless height is
0.03, indicating that if the frac fluid viscosity is higher than
30mPa s, the fracture propped efficiency is extremely small.
However, compared with the sand dune shape of 3mPa s
and 5mPa s frac fluid, the 20/40 mesh quartz sand carried
by 3mPa s frac fluid mainly accumulated near the wellbore
zone, while 20/40 mesh quartz sand carried by 5mPa s frac
fluid has a more uniform distribution of sandbanks, as
shown in Figure 10. Therefore, 5mPa s is the lower limit vis-

cosity for 20/40 mesh quartz sand. In addition, for 20/40 mesh
quartz sand, the optimal carrying liquid viscosity is 5mPa s.
For 40/70 mesh quartz sand, as shown in Figures 11 and 12,
the optimal frac fluid viscosity is 5mPa s.

5. Experimental Results and Analysis of SLG H8

The indoor experiment investigated the characteristics of
proppant transport and placement under the current
hydraulic fracturing operation parameters of SLG H8 tight
gas formation and evaluated the effect of pumping rate,
proppant concentration, and frac fluid viscosity on the prop-
pant placement efficiency. The height and sand dune shape
for each experiment were recorded and analyzed. There are
two differences between SLG H8 and LD C7. The fracturing
fluid type of LD C7 is slickwater while that of SLH H8 is
guar gum fracturing fluid. The proppant type of LD C7 is
quartz sand while that of SLG H8 is ceramic.

5.1. Characteristics of Proppant Transport and Placement
under Current Fracturing Parameters. The proppant place-
ment efficiency under a variety of in situ fracturing parame-
ters (experiment nos. H1 and H2 in Table 6) was explored,
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Figure 9: Comparison of 20/40 mesh quartz sand placement results with different fracturing fluid viscosities.
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Figure 10: Configuration of 20/40 mesh quartz sand with different fracturing fluid viscosities: (a) viscosity of 3mPa s and (b) viscosity of
5mPa s.
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and the experimental results are shown in Figure 13. A total
of 0.2 fracture volume proppant was pumped into the frac-
ture. It can be seen that the dimensionless heights of exper-
iment nos. H1 to H2 were almost equal to each other.
However, the sand dune of the no. H1 experiment has a rel-
atively flat layout, indicating the fracture is nearly uniformly
propped from the wellbore to the fracture tip. However, the
proppants of 20/40 mesh and 40/70 mesh ceramic in the no.
H2 experiment were accumulated higher near the wellbore.
Additional experiments should be conducted to optimize
the proppant transport parameters.

5.2. Effect of Displacement Rate on Proppant Placement. The
displacement rate of experiment no. HD1 is 4.5m3/min, and
the displacement rate of experiment no. HD2 is 3.5m3/min,
while the fracturing fluid viscosity, sand ratio, and injection
volume were kept constant. The experimental results are
shown in Figure 14. For the displacement rate of 4.5m3/
min, the dimensionless height of the ceramic dune within
the fracture is 0.16, indicating that the experimental propped
height is 80% of the theoretical height. However, for the dis-
placement rate of 3.5m3/min, the dimensionless height of
the ceramic dune in the fracture is 0.1, indicating that the

(a) (b)

Figure 12: Configuration of 40/70 mesh quartz sand with different fracturing fluid viscosities: (a) viscosity of 5mPa s and (b) viscosity of
14mPa s.

(a) (b)

Figure 13: Sand embankment placement morphology in the evaluation experiment of tight gas layer: (a) the 12th group experiment and (b)
the 13th group experiment.
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Figure 11: Comparison of 40/70 mesh quartz sand placement results with different fracturing fluid viscosities.
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experimental propped height is 50% of the theoretical
height. Therefore, a greater flow rate should be used for
pumping ceramic proppant, and the recommended prop-
pant displacement rate should be no less than 3.5m3/min.

5.3. Effect of Frac Fluid Viscosity on Proppant Placement.We
conducted comparison experiments of 20/40 mesh ceramic
proppant with frac fluid viscosity of 15mPa s (experiment
nos. HV1, HV2, and HV3). The fracture propping results
of experiment no. HV2 are shown in Figure 15. The 15mPa s
frac fluid can provide a relative better fracture propping effi-
ciency. Therefore, the carrying fluid viscosity of 20/40 mesh
ceramic proppant is 15mPa s.

From the proppant placement results of no. HV1 and
no. HV2 (Figure 14), it is found that the 40/70 mesh ceramic

is mainly placed in the fracture near the wellbore. In order to
transport the 40/70 mesh ceramic proppant to the far-field
fracture, the viscosity of the fracturing fluid was increased
to 24mPa s (experiment no. HV3), and the proppant place-
ment results of 40/70 mesh ceramic are shown in Figure 16.
Comparing the results of experiments no. HV2 and no. HV3
(Figure 17), the dimensionless height would increase as the
frac fluid viscosity increased. However, the degree of the
dimensionless height increment is 0.02, which is slight and
insignificant. In summary, the viscosity of the 40/70 mesh
ceramic proppant-carrying fluid should be greater than
15mPa s.

Figure 16: 40/70 mesh ceramic sand embankment configuration
with sand-carrying liquid viscosity of 24mPa s.
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Figure 15: 20/40 mesh ceramsite sand embankment configuration
with sand-carrying liquid viscosity of 15mPa s.

12 Geofluids



6. Conclusion

This paper proposed a new set of similarity criteria for prop-
pant experimental design by incorporating proppant con-
centration and fracture roughness. The proposed similarity
criterion includes five factors which are fracture geometric
similarity factor, proppant settling velocity similarity factor,
proppant Reynolds number similarity factor, fluid Reynolds
number similarity factor, and particle Froude number simi-
larity factor. Based on the proposed criterion, proppant
transport experiments in hydraulic fractures of LD C7 tight
oil and H8 gas reservoirs were carried out to explore the
proppant placement mechanism and the key parameters
that affected the fracture propping efficiency were identified.
The following results were obtained:

(1) This paper proposed a comprehensive similarity cri-
terion and conducted serious indoor experiments to
reveal the proppant transport behavior in hydraulic
fractures of tight oil and gas reservoir. Based on this
criterion, onsite proppant transport parameters were
converted into indoor experimental parameters

(2) The proposed similarity criterion was programmed
and serious indoor proppant transport experiments
were conducted to evaluate the onsite frac fluid vis-
cosity and sand ratio of LD C7 tight oil. Results
showed that the sand ratio in the LD C7 tight oil res-
ervoirs should not be less than 8%, and the optimal
carrying fluid viscosity is 5mPa s

(3) The proppant placement efficiency in the H8 tight
gas reservoir is mainly affected by the displacement
rate and frac fluid viscosity. Based on the experimen-
tal results, the displacement rate of H8 tight gas res-
ervoir should not be less than 3.5m3/min, and the
optimal carrying fluid viscosity is 15mPa s

(4) LD C7 tight oil reservoir used quartz sand as a prop-
pant, while H8 tight gas reservoir used ceramic as a
proppant. Proppant types and carrying fluid viscos-
ity are the two significant parameters that can affect
the proppant transport and placement behavior
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