a' frontiers ‘ Frontiers in Energy Research

@ Check for updates

OPEN ACCESS

EDITED BY
Zheng Sun,

China University of Mining and
Technology, China

REVIEWED BY
Wen Zhao,

Research Institute of Petroleum
Exploration and Development (RIPED),
China

Qian Wang,

China University of Mining and
Technology, China

Yisheng Liu,

Chengdu University of Technology,
China

*CORRESPONDENCE
Xiao-Feng Zhou,
zhou_xiaofeng1993@163.com

SPECIALTY SECTION

This article was submitted to Advanced
Clean Fuel Technologies,

a section of the journal

Frontiers in Energy Research

RECEIVED 20 June 2022
ACCEPTED 25 July 2022
PUBLISHED 23 August 2022

CITATION
Wei J-G, Wang X-J, Fu X-F, Gong P-Q,
Zhou X-F, Li Y-W, Yang Y, Chen Y-H,
Jia B and Wu J (2022), Optimization of
long-term fracture conductivity with
quartz: An experimental investigation.
Front. Energy Res. 10:973349.

doi: 10.3389/fenrg.2022.973349

COPYRIGHT

© 2022 Wei, Wang, Fu, Gong, Zhou, Li,
Yang, Chen, Jia and Wu. This is an open-
access article distributed under the
terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other
forums is permitted, provided the
original author(s) and the copyright
owner(s) are credited and that the
original publication in this journal is
cited, in accordance with accepted
academic practice. No use, distribution
or reproduction is permitted which does
not comply with these terms.

Frontiers in Energy Research

TYPE Original Research
PUBLISHED 23 August 2022
pol 10.3389/fenrg.2022.973349

Optimization of long-term
fracture conductivity with quartz:
An experimental investigation

Jian-Guang Wei'?, Xian-Jun Wang?, Xiao-Fei Fu'?,
Peng-Qi Gong*, Xiao-Feng Zhou®?*, Yu-Wei Li>, Ying Yang'?,
Ying-He Chen®, Bao Jia’ and Jie Wu?

'Key Laboratory of Continental Shale Hydrocarbon Accumulation and Efficient Development
(Northeast Petroleum University), Ministry of Education, Northeast Petroleum University, Daging,

Heilongjiang, China, ?Institute of Unconventional Oil and Gas, Northeast Petroleum University, Daging,
China, *Daging Qilfield Limited Company, Daqing, China, “Greatwall Drilling Company, Beijing, China,
®Liaoning University, Shenyang, China, *School of Petroleum Engineering, Northeast Petroleum
University, Daging, Heilongjiang, China, "CNPC Offshore Engineering Company Limited, Tianjin, China,
8GWDC Drilling Engineering and Technology Research Institute, Panjin, China

For the purpose of cost management, many companies and research
institutions have carried out technical research on the replacement of
ceramic with quartz sand as proppant. However, few studies have
systematically carried out short-term and long-term conductivity evaluation
experiments for quartz sand proppants with different particle sizes. It is urgent
to conduct experiments on the conductivity of quartz sand, and optimize the
fracturing design based on the experimental results. The conductivity is the key
indicator of the fracturing effect. The greater the conductivity, the better the
hydraulic fracturing effect, and the longer the effective period, the higher the
fracturing benefit. In this study, by evaluating the long-term conductivity of
proppant, the influence of the type of quartz sand proppant, proppant particle
size and sand paving concentration on the fracture conductivity are studied.
Main results show that 1) the proppant performance of quartz sand produced in
Chifeng is better than that of produced in Tongliao; 2) The long-term
conductivity experiment results show that the conductivity of quartz sand
proppant produced in Chifeng is better than that of TL, and under the same
sanding concentration and closing pressure, the larger the particle size of the
quartz sand, the higher the conductivity, and the greater the decrease in
conductivity with the increase of the closing pressure; 3) In the influence of
sand paving concentration, when the sand paving concentration is 5 and 7.5 kg/
m?, the conductivity increase with the increase of the sand paving
concentration.
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1 Introduction

For the past decade, due to the unbalanced relationship of the
great amount of conventional fuels’ consumption and the
declining supply all over the world, unconventional oil and
gas resources have received considerable interests due to its
wide distribution and abundant reserves (Sun et al., 2022a;
Yuwei et al., 2020). However, for unconventional oil and gas
resources, due to the poor permeability of the reservoir matrix,
there is almost no industrial oil and gas flow directly into
production after drilling. Therefore, in order to economically
and effectively develop aforementioned resources, multi-stage
fracturing or volume fracturing combined with horizontal well
are the most widely adopted method at present (Zhang T. et al.,
2017; Yuwei et al., 2019; Fan et al., 2020). In the process of
volume fracturing and multi-stage fracturing, it is inevitable that
a very large amount of proppant will be used, in order to reduce
the fracturing cost, many institutions and scholars have carried
out the study of using quartz sand instead of ceramic as proppant
(Herskovits et al., 2016; Kou et al., 2018; Su et al,, 2020). At
present, various oil companies and oil service companies in
North America are working together to improve single well
production and reduce well construction costs. Of that,
drilling and completion costs ranged from four million to
eight million dollars, with an average of 6.5 million dollars,
and fracturing costs accounted for 60 percent. Moreover, in
the cost of fracturing, the material cost account for a very
important proportion, the cost of fracturing fluid and
proppant account for 19% and 25% of the drilling and
completion costs, respectively. Hence, the proppant, in
particular, has become an important target for cost reduction
(Syfan et al., 2013; Sun et al., 2022b).

For the past few years, oil companies in North America have
adopted methods such as replacing ceramic with quartz sand and
building nearby sand plants through technological and
management innovations, which have greatly reduced the
operating costs of hydraulic fracturing projects and boosted
the economic and efficient development of unconventional oil
and gas (Olmen et al,, 2018; Ziyuan et al., 2022). Moreover, with
the increase of horizontal section length, sanding intensity and
the number of horizontal wells, the proppant consumption in
North America increased from 1820 x 10"t in 2010 to more than
1.09 x 10% in 2018, the amount of proppant used in a single well
has increased from 500t in 2010 to 5000t in 2019. At present, the
proportion of quartz sand in proppant in North America has
reached 96% (Olsen et al., 2009; Liang et al., 2015; Barree et al,,
2018).

Ceramic and quartz sand proppant are the most used types of
proppants in the field of hydraulic fracturing. Comparing to the
quartz sand, ceramic proppant own higher hardness and
sphericity, at the same time, its ensures a large fracture
conductivity especially under the high effective closure stress
condition (Zhang et al., 2016; Zhang F. et al., 2017; Srinivasan et
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al., 2018; Zhao et al., 2020). On the other side, ceramic proppants
usually 3-5 times more expensive than quartz sand, also, they
own larger densities which are unfavorable for the proppant
transportation within the hydraulic fractures (Maity and
Ciezobka, 2019; Feng et al., 2021; Huang et al., 2021). Some
other researchers carried out 1-D compression test, step-wise
creep tests, as well as displacement-controlled diametrical
compression tests on single proppant grains, experimental
results shows that individual ceramic proppants own higher
time-independent crushing resistance than the quartz sand,
but quartz sand proppant is more compressible compared
with the ceramic proppant (Man and Wong, 2017; Fjaestad
and Tomac, 2019; Tasqué et al, 2021; Sun et al, 2022c).
Studied the influence of stress cycling on the performance of
sand and ceramic proppant in thin pack/monolayer conditions,
results shown that the mechanical performance were decreased
for all the proppant samples under three and five cycles as
compared to standard one cycle test, the sand proppant and
ceramic proppant both shown a significant increase in crush with
an increase in number of cycles. Moreover, the ceramic proppant
appear to be more sensitive to stress cycling under thin layer/
monolayer conditions. Hu et al. (2015) compared the effect of
different proppants (sand, resin-coated sand, and ceramic
proppant) on the long-term production through Bakken shale
wells, their results revealed that the long-term production of wells
completed with ceramic proppant significantly outperforms wells
completed exclusively with other proppant types. Moreover, the
resin-coated sand helped improve initial production but have no
effect on long-term production. Studied the feasibility of natural
sand proppant in deeper shale reservoirs through NPV study,
and results indicated that the natural sand proppant have a much
larger range of applicability than previously thought.
According to the above-mentioned literature survey and
aware of possible limitations, the current research on quartz
sand proppant is more focused on the comparison between
quartz sand proppant and ceramic proppant. In reality, the
natural quartz sand can be used as proppant in China are
mainly distributed at Chifeng and Tongliao in Inner
Mongolia, Luliang in Xinjiang, Anning in Lanzhou, et al. (Jia,
2011; Dong and Lv, 2017; Yuwei et al., 2017; Liang and Yan,
2021) In this study, we chose the quartz sand produced in
Chifeng (CF) and Tongliao (TL) as the proppants. Firstly, the
performance of quartz sand from different origins and different
meshes were compared through experiments. Secondly, the long-
term conductivity of quartz sand proppant produced in different
area were investigated. Finally, the effects of sand paving
concentration and closure pressure on long-term conductivity
were studied. The main results are as follows: 1) for the proppant
performance, quartz sand produced in Chifeng (CF) performs
better; 2) The long-term conductivity experiment results show
that the conductivity of quartz sand proppant produced in CF is
better than that of TL, and under the same sanding concentration
and closing pressure, the larger the particle size of the quartz
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TABLE 1 The critical thickness of the interface region in different fluid-nanopore systems.

CF 20-40 1 2

mass(g) 4.0248 5.722

Volume (cm?) 1.6 2.4

Density (g/cm®) 2.52 238

Average density (g/cm®) 245 Average density (g/cm’)
CF 40-70 1 2

mass(g) 4.5684 4.769

Volume (cm?) 1.8 2

Density (g/cm?) 2.54 2.38

Average density (g/cm’) 2.49 Average density (g/cm’)
CF 70-140 1 2

mass(g) 4.7264 5231

Volume (cm?) 1.9 2.2

Density (g/cm®) 2.49 238

Average density (g/cm®) 2.48 Average density (g/cm®)

sand, the higher the conductivity, and the greater the decrease in
conductivity with the increase of the closing pressure; 3) In the
influence of sand paving concentration, when the sand paving
concentration is 5 kg/m?* and 7.5 kg/m?, the conductivity increase
with the increase of the sand paving concentration. As the closing
pressure increases, the decrease of conductivity of the flow
decreases with the increase of the sand paving concentration.

2 Proppant performance evaluation
test

In order to better compare the flow conductivity of quartz
sand, it is first necessary to conduct performance evaluation
experiments on quartz sand with different particle sizes and
different producing areas. And the evaluation parameters include
the following six items, density, acid solubility, crushing rate,
sphericity, screen analysis, turbidity. Moreover, to compare
above parameters, quartz from two producing areas, Chifeng
(CF) and Tongliao (TL), China, was selected here, and three
different mesh proppants were screened out, included 20-40,
40-70, 70-140, finally, this study compared the performance of
six quartz proppants, which names CF 20-40, CF 20-40, CF
20-40, TL 20-40, TL 40-70, TL 70-140, here, CF
20-40 represents the proppant which produced in Chifeng,
and the mesh number is 20-40 mesh.

2.1 Density evaluation
The experimental procedure of density evaluation is as

follows: 1) Prepare appropriate proppant samples. 2) Prepare
a 0.0001 g balance and a dry beaker, place the beaker on the
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3 TL 20-40 1 2 3
4.6504 mass(g) 5.2027 4.2558 4.5835
1.9 Volume (cm®) 2 1.7 1.8
245 Density (g/cm’) 2.6 25 2.55
2.55

3 TL 40-70 1 2 3
4.5623 mass(g) 5227 4.539 4.573
1.8 Volume (cm®) 22 1.8 1.8
2.53 Density (g/cm®) 2.42 2.56 2.49
2.49

3 TL 70-140 1 2 3
4.8893 mass(g) 4.5726 4.9032 4.6486
1.9 Volume (cm?) 1.8 2 1.8
2.57 Density (g/cm’) 25 2.48 2.57
2.51

balance, weigh out the mass of the beaker, and reset the balance to
zero. 3) Slowly load the samples into the beaker, weigh out the
beaker containing proppant, the reading of the balance is the
mass of the proppant m. 4) Take a measuring cylinder with a
range of 10 ml and add distilled water V; into the measuring
cylinder. 5) Pour the proppant in the beaker slowly into the
measuring cylinder, and record the reading V, of the measuring
cylinder. 6) Repeat the above steps three times and take the
average density. 7) Then the density of proppant equals:
p =m/(V, =V;). The measurement shows that the density of
CF 20-40 mesh proppant is 2.45 g/cm?, CF 40-70 mesh proppant
is 2.49 g/cm®, CF 70-140 mesh proppant is 2.48 g/cm’, TL
20-40 mesh proppant is 2.55 g/cm’, CF 40-70 mesh proppant
is 2.49 g/cm’, CF 70-140 mesh proppant is 2.51 g/cm’. Detailed
experimental data are shown in Table 1.

2.2 Acid solubility evaluation

The experimental procedure of acid solubility evaluation is as
follows: 1) An appropriate amount of proppant sample was dried
at 105°C for 1 h, then placed in a desiccator to cool for 0.5 h, and
weighed. 2) Weigh 5+1¢g of the above-mentioned processed
proppant sample. 3) Add 106.6 g (100 ml in volume at 20°C)
of the prepared mixed solution of hydrochloric acid and
into a 250ml

(PTFE) beaker, then pour the weighed 5g sample into the

hydrofluoric acid polytetrafluoroethylene
beaker. 4) The beaker containing the acid solution and
proppant sample was placed in a water bath at 65°C at a
constant temperature for 0.5h. Be careful not to stir or
contaminate it. 5) Preparing the filter equipment: put the
qualitative filter paper in a PTFE funnel, dry it at 105°C for

1 h, then cool it in a desiccator for 0.5 h, weigh and record its
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TABLE 2 Measurement of acid solubility of different proppants.

10.3389/fenrg.2022.973349

Proppant type Original mass Mass after Mass difference Acid solubility Ave_acid solubility
@ drying (g) @ (%) (%)
D: CF 20-40 5.016 4.863 0.153 3.06 3.16
4.993 4.83 0.163 326
B: TL 20-40 4.981 4.823 0.158 3.17 329
4.963 4794 0.169 341
C: CF 40-70 5.005 4.838 0.168 335 3.22
4.967 4.814 0.154 3.09
E: TL 40-70 4.988 4.823 0.165 331 3.355
4.982 4.813 0.169 34
F: CF 70-140 4.999 4.826 0.173 3.46 3.565
5.019 4.835 0.184 3.67
A: TL 70-140 4.976 4.729 0.248 4.98 4.925
4.996 4752 0244 4.87
25%
22.89%
20-40 Mesh 40-70 Mesh 70-140 Mesh
19.73%
20% 18.50%
s CF
2 14,54 =TL
g 15% 14.30%
’Eﬂ
= 1E57% 10.94%
Z 10
o 10%
7.51%
6.49%  6.60%
5%
0%
30MPa 35MPa 40MPa 45MPa 30MPa 35MPa 40MPa 45MPa 30MPa 35MPa 40MPa 45MPa
Closing pressure
FIGURE 1

Comparison of crushing rate of each proppant with closure pressure.

quality, then place it on the vacuum filter device for later use. 6)
Pour the proppant sample and acid solution into the PTFE
funnel, make sure to pour all the proppant particles in the
beaker into the funnel, and then perform vacuum filtration. 7)
The proppant samples were rinsed with distilled water for 5 to
6 times, until the rinsing solution was neutral. 8) The PTFE
funnel and its proppant samples were placed together in the oven
to dry at 105°C for 1h, then put it in a desiccator to cool for 0.5 h
9) Weigh the cooled PTFE funnel and proppant sample together
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and record the mass, then the acid solubility of proppant samples
is as follow:

_ Mg+ My, — My

S x 100% (1)

ms
Where § is the acid solubility of proppant samples. 1 is the mass
of proppant samples. 1y, is the mass of PTFE funnel and filter
paper. my, is the mass of PTFE funnel, filter paper and sample
after acid etching.
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CF 20-40

TL 20-40

CF 40-70

TL 40-70

10.3389/fenrg.2022.973349

CF 70-140

TL 70-140

FIGURE 2
Microscope picture of each proppant under the microscope.

The acid solubility of six kinds of proppant sample are shown
in Table 2.

2.3 Crushing rate evaluation

The experimental procedure of crushing rate evaluation is as
follows: 1) Based on the formula m = C,d?, in can be seen that the
mass of the sample required for the anti-crushing experiment of
quartz sand proppant is 89.42 g. 2) The sample is poured into the
crushing chamber, and the rated load is added to the crushing
chamber at a uniform speed with a constant loading time of
1min. After the load is stabilized for 2 min, the load is removed.
3) After screening the pressed proppant samples and weighing
the crushed particle mass m;, the proppant crushing rate is: # =
my/m x 100%.

Figure 1 shows the comparison of the crushing rate of six
proppants with the closure pressure. As it can be seen that with
the closure pressure reaching 35 MPa, the crushing rate of all
proppants have increased significantly, however, as the increase
of mesh size of proppants, the magnitude of this increase
gradually decreases. The crushing rate of the two types of
quartz proppants decreases with the increase of the mesh
number. At the same time, the proppant crushing rate of CF
is lower than that of TL, and its crushing rate is about 20%-40%
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lower. Therefore, it can be concluded that the proppant
produced in CF has better anti-crushing rate than the
proppant produced in TL.

2.4 Sphericity evaluation

The test of proppant sphericity is carried out through the
proppant sphericity and roundness chart. The test method is to
randomly take out 20-30 proppants from the tested proppant
samples, observe it under the microscope, and take the
photomicrograph, then the sphericity and roundness of each
proppant was determined. Finally, calculate the average
sphericity of this batch of proppant products. Figure 2 shows
the sphericity test results of each proppant, it can be seen that the
difference in sphericity of proppants with different meshes from
two production area is small, and the degree of regularity is
similar.

2.5 Screen analysis evaluation
The screen analysis of proppant is to examine the size

(particle size range), particle size composition (particle size
distribution) and the average particle size of the proppant, the
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aCF mTL

1774 163.6

Average diameter (um)
b 2
< <
=] =
.l

20-40

40-70 70-140

FIGURE 3
Average diameter contrast of screen analysis.

experimental procedures for sieve analysis and evaluation are
as follows: 1) Screening preparation: Seven sieves are stacked
on top of each other, a series of sieves plus a bottom plate and a
cover, the aperture size of these sieves gradually decreases
from top to bottom. Divide the sample into 80-120 g, weigh
each sieve and record the sieve weight. 2) Sieve analysis: Pour
the weighed sample to be tested from the top layer of the
standard sieve, cover the lid and fix it on the sieve shaker, and
take it out after shaking the sieve for 10 min. Weigh the
material in each sieve and plate and record the results, and
calculate the percentage of the total proppant sample mass
remaining in each sieve and pan. The cumulative mass should
be within 0.5% of the mass of the sample used in the
experiment. 3) The average diameter of proppant is
calculated by the following equation:

do =) (n-d)[Yn

Where d,, is the average diameter of proppant, d is the mean

2

particle size, and n is the frequency of occurrence.

Figure 3 shows the histogram of average diameter
comparison of screen analysis, it can be seen that the
average diameter of proppant produced in CF is larger than
that in TL. Obviously, when the proppant filling the fracture,
the higher the proportion of large particle size proppant, the
more gaps between the particles, and corresponding greater
fracture permeability. Therefore, for the proppants from CF
and TL, the fracture permeability with the proppant from CH
will be higher.

2.6 Turbidity evaluation

For proppants, high concentrations of dust, mud, and
inorganic impurities on the surface of the proppant particles
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FIGURE 4
Comparison of turbidity test results.

will block the pores between the particles during construction
process, reducing the flow capacity of the fluid, and ultimately
affecting the conductivity of propping fractures. The test
method is to pour a certain quality of proppant into a
certain volume of distilled water, shake it with a certain
number of times within a specified period of time as
required and leave it for a period of time to detect the
content of impurities in the liquid. The experimental
procedures for turbidity evaluation are as follows: 1)
Preparation of sample liquid. Put 40.0g of sample
proppant into a 250 ml jar, pour 100 ml of distilled water
into the jar, let it stand for 30 min, shake it horizontally for
0.5 min, 60 times, and leave it for 5 min 2) Measurement.
Before the turbidity test, preheat the instrument for a period
of time, and use the standard turbidity board to adjust the
instrument to the factory zero. Then use a medical syringe to
extract part of the liquid to be tested on the wall of the
container, pour it into a cuvette according to the specified
volume requirements, put it into the turbidimeter for
measurement, and read the test result.

Figure 4 shows the comparison of turbidity test results, it
can be seen that the turbidity of 20-40 mesh and 70-140 mesh
in CF producing area is less than that in TL producing area,
and the 40-70 mesh proppant in CF producing area is slightly
larger than that in TL producing area. Therefore, CF
20-40 mesh, 70-140 mesh proppant surface dust, mud, and
inorganic impurities content is less, it is not easy to block the
pores and reduce permeability. On the other hand, CF
40-70 mesh proppant has higher impurity content, which
tends to block pores and reduce permeability.

Based on the above-mentioned six quartz sand of proppant
performance experiments analysis, it can be known that the
proppant produced in CF is better than the proppant produced
in TL.

frontiersin.org


https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org
https://doi.org/10.3389/fenrg.2022.973349

Wei et al.

water tank

differential
pressure
(H)

tonstant-flu
pump

temperature
control

4

mediate container

>
»><

inte

evacuation

safty valvc
X10

filter clot

FIGURE 5
Schematic diagram of conductivity experiment device.

3 Optimization of long-term
conductivity of quartz sand proppant

3.1 Long-term conductivity experimental
process

After the performance evaluation of quartz was completed, it
began to conduct experimental research on the long-term
conductivity of different quartz sand proppants. The specific
experimental steps are as follow:

1) Confirm the initial zero point, assemble the empty diversion
chamber, and place it between the two parallel plates of the
hydraulic frame. Open the hydraulic press inlet valve and shut-
off valve (the return valve should be closed), run the hydraulic
press, and lift the lower plate until the cylinder pressure reaches
10 MPa to stop. Use the software to record the reading of the
displacement sensor, which is the initial zero point (the
displacement sensor should be installed vertically), remove the
closing pressure, remove the diversion chamber, and remove the
upper piston and upper cover.

2) Fill the proppant. Put the bottom piston with the sealing ring into

the diversion chamber, place a piece of metal plate on the bottom

piston (must be flat), pour the weighed proppant into the
diversion chamber, and use a scraper to smooth the
proppant. Put another piece of metal plate on the surface of
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vacuum pump

step motor

the flattened proppant, put the upper piston with the sealing ring
into the diversion chamber, and connect the quick joints of the
inlet and outlet connected with the diversion chamber.

3) Open valve 6, turn on the vacuum pump to vacuum for 5 min,
turn off the vacuum pump, close valve 6, and vent the
vacuum pump.

4) Open valves 3 and 4, suck distilled water from the beaker filled
with distilled water, open valves one and two to empty the
differential pressure sensor, and then close valves 1, 2, 3, and 4.

5) Open valves 5 and 7, adjust the parameters, open the

intermediate container and advection pump after the

closed pressure stabilizes, record the experimental data,
and start the experiment.

The schematic diagram of conductivity experimental device
is shown in Figure 5.

3.2 Long-term conductivity experimental
results

Firstly, by comparing the conductivity of CF 20-40 proppant
and TL 20-40 proppant, apparently that the proppant produced in
CF is better than the proppant produced in TL. From Figure 6 it can
be seen that the conductivity of proppant of CF 20-40 is 9.48%
higher than that of TL 20-40 while the closing pressure is 30 MPa,

frontiersin.org


https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org
https://doi.org/10.3389/fenrg.2022.973349

Wei et al.

34 ——CF 20-40
32
30

28

Conductivity (um*-cm)

24

22

20

28 36 40

Closing pressure (MPa)

48

CF 20-40

FIGURE 6

10.3389/fenrg.2022.973349

36

34 —8— TL 20-40
30
28

26

Conductivity (pum?-cm)

24

22

20

36 40
Closing pressure (MPa)

48

TL 20-40

The conductivity of 20-40 mesh proppant varies with the closing pressure.
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The conductivity of 40-70 mesh proppant varies with the closing pressure.

the conductivity of proppant of CF 20-40 is 8.76% higher than that
of TL 20-40 while the closing pressure is 35 MPa, and when the
closing pressure reaches 40 and 45MPa, the conductivity of
proppant from CF is even higher by 9.73% and 10.22%.
Moreover, the proppant of CF 20-40 has larger particle size than
the proppant of TL 20-40, so the proppant of CF 20-40 own larger
permeability eventually. Therefore, it can be concluded that when
the proppant mesh number is 20-40, the proppant produced in CF
will get larger conductivity.

Secondly, Figure 7 shows the conductivity of 40-70 mesh
proppant varies with the closing pressure, it can be seen that
when the closing pressure is 30, 35, 40MPa, 45 MPa respectively,
the conductivity of the proppant in CF is higher than that of the
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proppant produced in TL by 12.89%, 14.25%, 15.57%, 19.56%.
Therefore, when the mesh number of proppant is 40-70, the
proppant produced in CF own greater conductivity property.

Finally, we compared the conductivity of proppant of CF
70-140 and TL 70-140 proppant. From Figure 8, we can see
that with the closing pressure rises from 30 MPa to 35, 40,
45 MPa, the conductivity of the proppant of CF 70-140 is
33.75%, 39.41%, 48.14%, and 51.97% higher than that of the
proppant produced in TL. Therefore, when the mesh number of
proppants is 70-140, the proppant produced in CF will get a larger
conductivity compared with TL.

Through the above experiments, it can be seen that as the
particle size of the proppant increases, the conductivity of the
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proppant gradually increases. Also, it can be known that at lower
closing pressure, the proppant owns a low crushing rate and the
proppant is still in the large particle size range, so its conductivity of
propping fracture is relatively large. When the pressure is high, the
crushing rate of proppant increases, the crushing phenomenon is
very significant, and the proppant is mainly in the compaction state.
At the same time, the small particle size after crushing has lower
porosity, so its conductivity of propping fracture is significantly
reduced. Moreover, the experiment also observed that the
conductivity of proppant decreased faster within 24 h, but when
the time exceeded 24 h, this trend gradually slowed down and
stabilized.

4 Influence of sand paving
concentration and closure pressure
on long-term conductivity

According to the previous study, the sand properties and
long-term conductivity of the proppant produced in CF own
better performance than that of TL. Therefore, in this section, we
take the quartz sand proppant produced in CF as an example to
study the effects of sand paving concentration and closure
pressure on long-term conductivity.

4.1 Proppant conductivity tests of CF
20-40 at different sand paving
concentrations

Figure 9 shows the proppant conductivity of CF 20-40 at
different sand paving concentrations and different closure
pressures. It can be seen that when the sand paving
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concentration is equal to 1.25 or 2.5kg/m’ due to the low
sand paving concentration and the small thickness of the sand
paving layer, under the conditions of closure pressure and fluid
erosion, the proppant breaks and the fluid flow channel is
formed, in this situation, the conductivity of propping fracture
is relatively high. However, as the closing pressure increases, the
degree of proppant crushing increases, and the broken particles
fill the cracks, resulting in a decrease in the width of the fracture
and conductivity decrease. Comparing the change of particle size
before and after the experiment (Table 3), it can be seen that:
when the sand paving concentration is 1.25 kg/m?®, the average
diameter of proppant decreases by 14.84%-16.39%; when the
sand paving concentration is 2.5 kg/m?, the average diameter of
proppant decreases by 16.07%-17.01%; when the sand paving
concentration is 5kg/m? the average diameter of proppant
10.13%-15.19%;
concentration is 7.5 kg/m’, the average diameter of proppant
decreases by 14.39-15.57%.

decreases by when the sand paving

4.2 Proppant conductivity tests of CF
40-70 at different sand paving
concentrations

Figure 10 shows the proppant conductivity of CF 40-70 at
different sand paving concentrations and different closure
pressures, and Table 4 shows the comparison of particle size
changes before and after the conductivity experiment of
proppant CF 40-70. It can be demonstrated that when the
sand paving concentration is 1.25 kg/m?®, the average diameter
of proppant decreases by 21.21%-23.42%; when the sand paving
concentration is 2.5 kg/m?, the average diameter of proppant
decreases by 8.88%-14.83%; when the sand paving concentration
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FIGURE 9
The proppant conductivity of CF 20-40 at different sand paving concentrations and different closure pressures.
TABLE 3 Comparison of particle size changes before and after the conductivity experiment of proppant CF 20-40.
Sand paving Particle size 30 MPa 35 MPa 40 MPa 45 MPa
concentration
1.25 kg/m* Before experiment (m) 515.25 515.77 515.57 515.56
After experiment (um) 438.77 434.23 433.32 431.08
2.5 kg/m’ Before experiment (pm) 515.85 515.54 515.38 515.97
After experiment (um) 432.87 430.56 429.38 428.19
5 kg/m? Before experiment (pm) 51591 515.71 515.69 515.06
After experiment (um) 463.61 456.58 440.41 436.83
7.5 kg/m* Before experiment (um) 515.9 515.78 515.4 515.21
After experiment (um) 441.67 440.29 438.22 435
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TABLE 4 Comparison of particle size changes before and after the conductivity experiment of proppant CF 70-140.

Sand paving
concentration

1.25 kg/m*

2.5 kg/m’

5 kg/m?

7.5 kg/m*

Frontiers in Energy Research

Particle size

Before experiment (pum)

After experiment (um)

Before experiment (um)

After experiment (um)

Before experiment (um)

After experiment (um)

Before experiment (um)

After experiment (um)

30 MPa

17791
115.74

17791
121.49

177.36
120.06

177.43
125.98

1

35 MPa

177.63
114.59

177.63
121.02

177.83
119.32

177.51
120.65

40 MPa

177.33
114.18

177.33
121.31

177.36
118.08

177.29
115.55

45 MPa

177.43
121.08

177.92
118.03

177.13
114.65
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is 5 kg/m’, the average diameter of proppant decreases by 8.07%-
12.03%; when the sand paving concentration is 7.5 kg/m’, the
average diameter of proppant decreases by 11.09-13.61%.

4.3 Proppant conductivity tests of CF
70-140 at different sand paving
concentrations

Figure 11 shows the proppant conductivity of CF 70-140 at
different sand paving concentrations and different closure
pressures, and shows the comparison of particle size changes
before and after the conductivity experiment of proppant CF
70-140. From Table 4 it can be seen that when the sand paving
concentration is 1.25 kg/m? the average diameter of proppant
by 34.94%-36.91%; the sand paving
concentration is 2.5 kg/m®, the average diameter of proppant

decreases when

decreases by 31.73%-31.8%; when the sand paving concentration
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is 5kg/m? the average diameter of proppant decreases by
32.31%-33.66%; when the sand paving concentration is
7.5kg/m?, the average diameter of proppant decreases by
28.3%-35.27%.

Based on the research in Sections 4.1-4.3, it is can be found
that the conductivity of proppant gradually decreased with the
increase of the loading time, moreover, the rate of decrease
gradually decreased, and finally the proppant conductivity
trends to stabilized. When the sand paving concentration
equal to 125 and 2.5kg/m’ due to the low sanding
concentration, there is only a thin layer in the diversion
chamber. During the pressure loading process, part of
proppant is broken, so the fluid is easy to penetrate the sand
layer, therefore, the conductivity is large. With the continuous
erosion of the fluid, the inner channel is gradually formed in the
proppant fracture, hence, the conductivity increases gradually
with the loading time. When the sand paving concentration equal
to 5 and 7.5 kg/m?, the thickness of the sand paving is increased,
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the channel formation phenomenon will not occur, the flow
conductivity is relatively low, and the conductivity of proppant
always decreases with the increase of closing pressure.

In addition, from Figures 9, 10, 11, it can be seen that as the
particle size of the proppant increases, the conductivity of the
proppant gradually decreases. And with the increase of proppant
paving concentration, the conductivity gradually increases, and
the decline of conductivity gradually decreases. From Figures 9C,
10C, 11C, we found that no matter what the sand paving
concentration is, the proppant’s conductivity always decreases
with the increase of the closure pressure. With the increase of the
proppant mesh, the conductivity of proppant gradually
decreases, and the conductivity of sand paving concentration
of 5 kg/m” is less than that of 7.5 kg/m>.

5 Conclusion

Aiming at performance and conductivity capacity of quartz
sand proppants, this study selected two kind of quartz sand from
different producing area, Chifeng (CF), Tongliao (TL), and
conducted a series of evaluation experiments, including

proppant
experiment

performance  evaluation  test,

conductivity of quartz

optimization
of long-term sand
proppant, influence of sand paving concentration and closure
pressure on long-term conductivity experiments. Through
analysis and discussion of the experiment results, the

following conclusions can be drawn.

1) Through the comprehensive experimental evaluation of six
performance indicators including density, acid solubility,
crushing rate, sphericity, screen analysis, turbidity, the
results shown that the proppant performance of quartz
sand produced in CF is better than that of produced in TL.

2) The long-term conductivity experiment results show that the
conductivity of quartz sand proppant produced in CF is better
than that of TL, and as the closing pressure increases, the
conductivity of quartz sand gradually decreases. Moreover,
under the same sanding concentration and closing pressure,
the larger the particle size of the quartz sand, the higher the
conductivity, and the greater the decrease in conductivity
with the increase of the closing pressure.

3) In the influence of sand paving concentration, when the sand
paving concentration is 1.25 and 2.5 kg/m? the proppant
filling layer is too thin, so the conductivity increases with the
increase of closing pressure. In this situation, the test results of
the APT standard diversion chamber cannot reveal the actual
conductivity. When the sand paving concentration is 5 and
7.5 kg/m?, the conductivity increases with the increase of the
sand paving concentration. When the closing pressure
increases, the decrease of conductivity of the flow
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the
Therefore,

of the
increasing the sand paving

with increase

concentration.

decreases sand  paving
concentration in the fracture is beneficial to maintain the
conductivity of the fracture.
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