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Abstract:

Proppant flowback is a problem in Xinjiang oilfield. It decreases production rate of
a fractured oil well, corrodes surface and downhole facilities and increases
production costs. Curable resin-coated sand is a common technique to control
proppant flowback. This article presents an experimental investigation whether it is
feasible to control proppant flowback by use of resin-coated sand and whether
resin-coated sand has a negative effect on proppant pack conductivity. It included
two kinds of experiments, Proppant flowback experiment measured critical flow
rate while the Proppant pack conductivity one measured proppant conductivity.
The experimental results of proppant flowback show that the critical flow rate of
resin-coated sand is far greater than that of common sand which means proppant
flowback would not happen by resin-coated sand tail-in. Compared to Xinjiang
sand conductivity, resin-coated sand conductivity is far smaller though it declines
slightly which means use of resin-coated sand would lead to conductivity loss and
sequentially results in production impairment. Experimental results show that it is
feasible to control proppant flowback by use of resin-coated sand and resin-coated
sand would affect fracture conductivity of a fractured oil well. Based on the
experimental results, resin-coated proppant conductivity can be improved by use of
resin-coated ceramic or liquid-resin-coated proppant. The achievements can give a
direction towards how to select a resin-coated proppant and how to improve resin-
coated proppant.
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1. INTRODUCTION

Proppant flowback is an issue after an oil well is
hydraulically stimulated in Xinjiang oilfield. It generally
refers to proppant production phenomenon after a
fractured well is put in production [1]. It leads to many
negative effects including production loss, corrosion of
surface and downhole equipments and increase of
production costs etc., so some techniques must be
applied to control proppant flowback during production
of a fractured well [2, 3]. One kind of such techniques is
to consolidate proppant grains together and prevent
them entering the wellbore. Resin-coated proppant is
one of them. It chemically bonds proppant grains
together to form a consolidated proppant pack which
locks uncoated proppant grains in fracture and stops
them entering the production system [4-7]. When use
of resin-coated proppant to control proppant flowback
is planned, two questions emerge. Can resin-coated
proppant effectively control proppant flowback? Has it
no effect on postfracture performance of an oil well?
The goal of this article is to answer these questions [8].

Resin-coated proppant is produced by coating
common proppant with epoxy resin or phenolic resin. It
is divided into precured resin-coated proppant and
curable resin-coated ones [9-11]. The former is used to
increase proppant resistance to fracture closure stress
and improve proppant pack conductivity. It is added in
slurry like common proppant at hydraulic fracturing
treatment sites. The latter is mainly used to control
proppant flowback in oilfield. The resin coating
chemically bonds resin-coated proppant grains at
contact points under the underground conditions after
resin-coated proppant is tailed in into fracture.
Researches about resin-coated proppant have mainly
focused on the compatibility between resin coating and
fracturing fluid, its effects on fracturing fluid, applicable
problems encountered in low- and high- temperature
reservoirs, effects of formation conditions on resin-
coated proppant, and evaluation methods of resin-
coated proppant [12, 13]. An economic evaluation
showed that it was economically feasible to use resin-
coated proppant to control proppant flowback by
proppant tail-in [14]. Some researchers investigated
effect of resin-coated proppant on the components of
fracturing fluid and effect of fracturing fluid and
reservoir fluid on resin-coated proppant. It was found
that resin consumed oxidizing breaker and some
components of fracturing fluid intervened consolidation
of resin-coated proppant. Compatible experiment
showed that the pH of fracturing fluid had a negative
effect on proppant pack strength of resin-coated
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proppant. As for low temperature wells, the
combination of resin-coated proppant and inert fibers
was proved to be successful in controlling proppant
flowback effectively [15]. Under such circumstances the
curable proppant needed a chemical activator to
enhance its consolidation strength. Simulated
experiments showed that maximum resin-coated
proppant pack strength occurred at the closure stress
of 500 psi. Moreover, fluid shear, stress cycling and

formation temperature were proved to affect
performance of resin-coated proppant. Most
importantly, L.R. Norman found that compressive

strengths of about 150 psi were adequate to control
proppant flowback at high production rates [16]. Some
experimental results implied that resin-coated proppant
could effectively control proppant flowback [17-19]. Is
this true for resin-coated proppant used in Xinjiang
oilfield? It leads to this experimental research in order
to confirm feasibility of proppant flowback control by
use of resin-coated proppant and show effect of resin-
coated proppant on performance of a fractured well.

2. EXPERIMENTAL DETAILS

2.1. Experimental Principle

When an experimental research is conducted to
confirm whether it is feasible to control proppant
flowback by use of resin-coated proppant, critical flow
rate is a parameter that can be used to indicate the
possibility of proppant flowback. It is defined as fluid
flow rate over which proppant flowback will occur. A
small value means that proppant flowback probably
happens. If the critical flow rate of resin-coated
proppant is greater than that of uncoated proppant
under same conditions, it means that resin-coated
proppant can successfully control proppant flowback.
Therefore, one task of this paper is to measure critical
flow rates of both resin-coated sand and uncoated
sand, and then compare one to another.

Comparing proppant pack conductivity of resin-
coated proppant to proppant pack conductivity of
common one shows whether resin-coated proppant
has a negative effect on post fracture performance of
an oil well. If conductivity of resin-coated proppant is
not smaller than that of common proppant, there is no
effect, otherwise resin-coated proppant would cause
conductivity impairment and consequently leads to
production loss. Therefore, another task of this paper is
to measure conductivities of both resin-coated sand
and uncoated sand, and then compare their values.
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2.2. Materials and Apparatus

Resin-coated proppant tested was called fusheng
sand which was manufactured in Beijing, capital of
China. It was produced by coating natural sand with
epoxy resin. Its curing temperature is 70 °C. The
average grain size for 20/40 fusheng sand is 0.594 mm
and the bulk density is 1.58 g/cm’. This resin-coated
sand contains 4.7 wt % resin. The experiment still used
Lanzhou sand and Xinjiang sand. They are all 20/40
meshes [20, 21].

Fluids used in experiment included 2 % KCI
solution, distilled water and simulated oil. The first one
was used as curing fluid, distilled water was used as
both curing fluids and testing fluids and the last one
was used as testing fluid. Base on oil properties
produced in Shixi oilfield, the viscosity of simulated oil
is 66 mPa-+s and the density is 0.881 g/cm® at 25 °C.

This research used two key apparatuses. One was
modified fracture conductivity evaluator manufactured
by STIM Lab. It equips three cells. The cells and fluid
system can be heated to 150 °C and the range of flow
rate is from 1 to 600 cm®min. It served proppant
flowback experiments. Another one was long-term
proppant pack conductivity instrument which was
manufactured by Shandong Shiyi Science and
Technology Co. Ltd. It can exert maximum closure
stress of 300 MPa on the cell and can heat the cell up
to 200 °C. This apparatus can also keep closure stress
constant for 300 hrs. It is capable of conducting
proppant pack conductivity experiments.

2.3. Experimental Procedure

As for common proppant flowback testing, proppant
sample and experimental apparatus were firstly
prepared. Proppant was then poured into the cell and
the testing system was assembled. After the cell was
stabilized for some time at certain closure stress and
temperature, simulated oil flew thorough the proppant
pack. Flow rate increased till that proppant flowback
happened or till the maximum capacity of pump. The
flow rate at which proppant flowback happens is the
critical flow rate. This was experimental procedure for
single-stress proppant flowback.

The difference between single-stress flowback and
multi-stress flowback was that closure stress increased
with increment of 10 MPa to next testing point and
testing process was repeated after testing finished at a
lower closure stress [22].

50

For proppant flowback with resin-coated proppant,
proppant pack was cured for 4 hours under the closure
stress of 20 MPa and 50 °C temperature before
flowback experiment started.

Common proppant pack conductivity employed
experimental procedure recommended by SY/T 6302-
2009 [23].

As for resin-coated sand pack conductivity, the
procedure at the initial closure pressure differed from
that of common proppant. After linear variable
displacement transducer (LVDT) was calibrated,
closure stress increased to the initial closure stress
(usually 10 MPa). And then curing fluid was pumped
into the cell and the cell was heated to 70 ‘C. After that
the sand pack was cured for 14 hrs before testing
started. From then on, the following procedure was
similar to that of common proppant.

3. RESULTS AND DISCUSSION

3.1. Comparison of Effect between Resin-Coated
Sand and Lanzhou Sand

The investigation firstly conducted proppant
flowback experiments using Lanzhou sand and resin-
coated sand. The results are shown in Table 1. They
show that the critical flow rate of resin-coated sand is
more greater than that of Lanzhou sand. The critical
flow rate for 20/40 Lanzhou sand is 12 ml/min whereas
it is greater than 522 ml/min for 20/40 resin-coated
sand under the same conditions. Moreover, the critical
flow rates for resin-coated sand in multi-stress flowback
experiments are all greater than that of Lanzhou sand.
The critical flow rate at 30 MPa is greater than 525
ml/min and it is greater than 514 ml/min at 40 MPa.
The experimental results imply that resin-coated
proppant can effectively control proppant flowback in a
fractured oil well.

When common sand is pumped into a fracture, the
force holding sand grains together is relatively weak.
The proppant pack is relatively loose and a small
pressure drawdown will lead to collapse of proppant
pack which eventually results in a smaller critical flow
rate. After resin-coated sand is pumped in by tail-in, it
stays at the entrance of the fracture. Under formation
conditions the coating of resin-coated sand bonds
proppant grains together at contacting point by
chemical reaction to form a consolidated proppant
pack. This pack has higher strength and has a higher
resistance to pressure drop. Injecting formation fluid
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Table 1: Proppant Flowback Experiments
Proppant concentration . . . . Closure stress Critical flow rate
Proppant Curing fluid Testing fluid .
(kg/m?) (MPa) (ml/min)
20/40 Lanzhou sand 15 Simulated oil 20 12
20/40 resin-coated sand 15 2% KCI Simulated oil 20 >522
20 >522
30 >525
20/40 resin-coated sand* 15 2% KCI Simulated oil
40 >514
50 >415
*multi-stress flowback experiment.
will not result in proppant backflow before the that of resin-coated sand, it is found that xinjiang sand

consolidation proppant filling fails. This can explain why
the critical flow rate of resin-coated sand is greater than
that of common sand.

3.2. Comparison of Effect between Resin Coated
Sand and Xinjiang Sand

In Xinjiang oilfield, sand proppant usually chosen is
Xinjiang sand because of it low costs relating to
manufacture and transportation. Therefore, this
experiment compared conductivity of resin-coated sand
to that of Xinjiang sand. The result is shown in Figure
1. On the whole, the conductivity of resin-coated sand
is lower than that of Xinjiang sand. At 10 MPa closure
stress the conductivity value of Xinjiang sand is 150.0
pmecm? while it is just 45.0 ymecm? for resin-coated
sand. At the closure stress of 30 MPa the conductivity
value of Xinjiang sand is about 50.0 umecm? while the
value is just 28.8 ymecm? for resin-coated sand. When
closure stress is higher than 40 MPa, resin-coated
sand conductivity is very close to that of xinjiang sand.
Comparing the curve of Xinjiang sand conductivity to
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Figure 1: Proppant pack conductivity.
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conductivity declines sharply while resin-coated

conductivity declines slightly.

Resin-coated sand is manufactured by coating
common sand with resin. The resin coating is elastic.
When resin-coated sand stays in a closed fracture, it
deforms under the formation closure stress. This will
decrease the porosity of proppant pack. After the resin
coating chemically bonds proppant grain together to
form a consolidated proppant pack, the porosity of
proppant pack will decrease further. It is known that the
porosity of proppant pack relates to the permeability of
proppant pack and small porosity would lead to low
permeability. This certainly results in lower conductivity
base on the definition of fracture conductivity. For
common sand,e.g. Xinjiang sand, proppant will crush
and produces many fines as closure stress increases
which also leads to a bit smaller fracture width. The
fines can damage proppant pack and lead to the
decrease of proppant pack permeability. These all
contribute the rapid decline of common sand
conductivity. As for resin-coated sand, the resin coating
not only increases resistance of sand proppant to
closure stress but also traps the fines and prevents
them from moving after resin-coated sand crushes
which eliminates the damage to proppant pack and
increases the retarded proppant pack permeability.
This is the reason why conductivity value of resin-
coated sand declines slowly compared to the value of
Xinjiang sand.

Proppant flowback experiments show that the
critical flow rate of common sand proppant is far
smaller than that of resin-coated sand on the whole. At
the range of low and medium closure stresses resin-
coated sand conductivity is far lower than that of
common sand. Proppant pack conductivity of resin-
coated is close to that of common sand at the range of
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high closure stress though ceramic proppant is always
preferred at this stress level.

4. CONCLUSIONS

1) It is feasible to control proppant flowback by use
of resin-coated sand in Xinjiang Oilfield.

2) The resin-coated sand evaluated can cause
impairment to fracture conductivity which will
negatively affect production performance of
fractured wells.

3) Meanwhile, using resin-coated ceramic or liquid
resin system would improve fracture conductivity
of resin-coated sand and eliminate negative
effects of resin-coated sand on performance of
fractured wells.

ACKNOWLEDGMENTS

The author would like to thank Jianli Xie for his
experimental data. The author would like to
acknowledge Chemical laboratory center for its
apparatuses. The author would like to give thanks to
Research Institute of Petroleum Production Technology
for its funding. The author would also like to thank
Chongging University of Science & Technology for
permission to publish this article.

FUNDING

This work was funded by Chongqing University of
Science and Technology Graduate Innovation Program
Project "Simulation of Acid Fracturing Treatment for
Heterogeneous Carbonate Reservoir".

DATA AVAILABILITY STATEMENTS

The data supporting the findings of this study are

available from the corresponding author upon
reasonable request.

REFERENCES

[1] Shaoul JR, Park J, Langford M. The Effect of Resin-Coated

Proppant and Proppant Production on Convergent-Flow Skin
in Horizontal Wells With Transverse Fractures. SPE
PRODUCTION & OPERATIONS, 2020; 35(2) : 214-230.
https://doi.org/10.2118/197052-PA

[2] Allan K, Connor A, Jonny R. et al. Experimental and
numerical investigation of proppant embedment and
conductivity reduction within a fracture in the Caney Shale,
Southern Oklahoma, USA. Fuel 2023; 341.
https://doi.org/10.1016/j.fuel.2023.127571

[3] Hangyu Z, Jianchun G, Tao Z. et al. Friction characteristics of
proppant suspension and pack during slickwater hydraulic
fracturing. Geoenergy Science and Engineering 2023; 222.
https://doi.org/10.1016/j.geoen.2023.211435

52

4

(5]

6l

[

(8]

&l

[10]

(1]

2]

(3]

[14]

(18]

[16]

7]

(18]

Dayong C, Zheng S. Numerical Simulation of the Proppant
Settlement in SC-CO2 Sand-Carrying Fluid in Fracturing
Fractures. Energies, 2022; 16(1): 11-11.
https://doi.org/10.3390/en16010011

Tao C, Jie G, Yuan Z. et al. Progress of Polymer Application
in Coated Proppant and Ultra-Low Density Proppant.
Polymers, 2022; 14(24): 5535-5534.
https://doi.org/10.3390/polym14245534

Feng X, Kuai Y, Desheng L. et al. Study on the Effect of Acid
Corrosion on Proppant Properties. Energies, 2022; 15(22):
8368.

https://doi.org/10.3390/en15228368

Tian-Kui G, Zhi-Lin L, Jin Z. et al. Numerical simulation on
proppant migration and placement within the rough and
complex fractures. Petroleum Science, 2022; 19(5): 2268-
2283.

https://doi.org/10.1016/j.petsci.2022.04.010

Ekrem A, Haotian W, Rodney TR. et al. New Experimental
Methods to Study Proppant Embedment in Shales. Rock
Mechanics and Rock Engineering, 2021; 55(5): 2571-2580.
https://doi.org/10.1007/s00603-021-02646-1

Peters TM, O'Shaughnessy PT, Grant R. et al. () Community
airborne particulate matter from mining for sand used as
hydraulic fracturing proppant. Science of the Total
Environment, 2017; 609: 1475-1482.
https://doi.org/10.1016/j.scitotenv.2017.08.006

Bolintineanu DS, Rao RR, Lechman JB. et al. Simulations of
the effects of proppant placement on the conductivity and
mechanical stability of hydraulic fractures. International
Journal of Rock Mechanics and Mining Sciences. 2017; 100:
188-198.

https://doi.org/10.1016/}.iirmms.2017.10.014

Nianyin L, Jun L, Ligiang Z. et al. () Laboratory Testing on
Proppant Transport in Complex-Fracture Systems. SPE
Production & Operations, 2017; 32(04): 382-391.
https://doi.org/10.2118/181822-PA

Liu J, Zhang F, Gardner RP. et al. A method to evaluate
hydraulic fracture using proppant detection. Applied
Radiation and Isotopes. 2015; 105: 139-143.
https://doi.org/10.1016/j.apradis0.2015.08.003

Bikulov D, Saratov A, Grachev E. Prediction of the
permeability of proppant packs under load. International
Journal of Modern Physics C, 2015; 26(10). 1550117.
https://doi.org/10.1142/S012918311550117X

Greff K, GreenBauer S, Huebinger K. et al. 2014. The Long-
Term Economic Value of Curable Resin-Coated Proppant
Tail-in to Prevent Flowback and Reduce Workover Cost.
Presented at the Unconventional Resources Technology
Conference, Denver, Colorado, USA, 25-27 August. URTEC-
1922860-MS.

https://doi.org/10.15530/urtec-2014-1922860

Martocchia F, Baretti S, Farina L. et al. Efficient Proppant
Flowback Prevention Strategy Allows Production of a Multi
Fractured Offshore Horizontal Well Equipped with ESP and
Screenless Completion. Presented at the SPE Biennial
Energy Resources Conference, Port of Spain, Trinidad,
2014; 9-1 June. SPE-169959-MS.

https://doi.org/10.2118/169959-MS

McLennan J, Walton |, Moore J. et al. Proppant backflow:
Mechanical and flow considerations. Geothermics, 2015; 57:
224-237.

https://doi.org/10.1016/j.geothermics.2015.06.006

Peng Z, Mrinal KS, Mukul MS. et al. Modeling of Low-
Frequency Downhole Electrical Measurements for Mapping
Proppant Distribution in Hydraulic Fractures in Casedhole
Wells. SPE Journal, 2018; 23(06): 2158-2174.
https://doi.org/10.2118/189884-PA

Xiaodong H, Kan W, Xianzhi S. et al. Development of a New
Mathematical Model To Quantitatively Evaluate Equilibrium




[19]

[20]

Journal of Basic & Applied Sciences, 2024, Volume 20

Height of Proppant Bed in Hydraulic Fractures for Slickwater
Treatment (includes associated supplemental discussion).
SPE Journal, 2018; 23(06):2158-2174.
https://doi.org/10.2118/191360-PA

Tan Y, Pan Z, Liu J. et al. Laboratory study of proppant on
shale fracture permeability and compressibility. Fuel, 2018;
222: 83-97.

https://doi.org/10.1016/j.fuel.2018.02.141

Zhu S, Liu Z, Luo T. et al. Solution properties and seepage
characteristics of a dendritic hydrophobically associating
polymer. Journal of Polymer Research, 2021; 28, 226.
https://doi.org/10.1007/s10965-021-02589-9

53

[21]

[22]

(23]

Zhu S, Ye Z, Zhang J. et al. Research on optimal timing
range for early polymer injection in sandstone reservoir.
Energy Reprots, 2020; 6, 3357-3364.
https://doi.org/10.1016/j.egyr.2020.11.247

Li J, Zhang G, Ge J. et al. Self-healing elastomer modified
proppants for proppant flowback control in hydraulic
fracturing. Petroleum Science, 2022; 19(01): 245-253.
https://doi.org/10.1016/j.petsci.2021.12.025

Petroleum and natural gas industry standards. (2009).
Recommended practices for evaluating short-term proppant
pack conductivity (SY/T 6302-2009). Beijing: Natural Energy
Bureau.




