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Figure 1 Pressure Variation Curve of Hydraulic Fracturing Screen-out.
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Figure 2 Characteristics of hydraulic fracturing screen-out pressure curves: (a) statistics of screen-out curves; (b) normalized pressure curves; (c)

scatter plot of the statistical distribution.
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Figure 3 Geometric Model of Wedge-shaped Fracture.
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Table 2 Numerical Simulation Schemes
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3 0.3 10 0.8 10
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5 0.3 5 0.8 15
6 0.33 10 0.8 10
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Figure 5 Geometric Model of Single Branch Fracture.
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Figure 6 Comparison between experimental and simulation results: (a)
proppant placement pattern; (b) nondimensional parameters of proppant
placement.
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Figure 7 Independence Test. (a) Grid independence test; (b) Time
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Figure 8 Proppant Transport and Settling Stages. (a), (c) Proppant velocity contours; (b), (d) Fluid velocity contours.
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Figure 10 Flow-Channel Narrowing and Blockage Stage. (a), (c), (¢) Proppant velocity contours; (b), (d), (f) Fluid velocity contours.
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Figure 11 Pressure characteristics at the fracture inlet: (a) pressure evolution curve during proppant bridging and screen-out; (b) relationship

1.0

between pressure difference and momentum difference; (c) relationship between pressure difference and deposition length.
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Figure 12 Comparison of (a) pressure evolution trends and (b) slope variations during proppant bridging and screen-out between field data and

simulation results.
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velocity contours.
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Numerical Simulation and Mechanistic Analysis of Proppant

Bridging-Induced Screen-out in Hydraulic Fractures
ZHANG Shuai', SHENG Mao'*", HE Jian’, ZHANG Wenhao', MENG Leifeng' *, TIAN
Shouceng'"*

! State Key Laboratory of Deep Geothermal Resources, China University of Petroleum-Beijing, Beijing, 102249, China;

2 Research Center for Intelligent Drilling & Completion Technology and Equipment, China University of Petroleum-Beijing, Beijing 102249, China;

3 CNPC Xibu Drilling Engineering Company Limited, Karamay, 834000, China

Screen-out during hydraulic fracturing has become one of the engineering risks restricting the safe and efficient
development of unconventional oil and gas resources. In field practice, screen-out is commonly identified by a rapid
increase in wellhead pressure; however, theoretical studies on its evolution process remain limited. Based on a
statistical analysis of wellhead-pressure variations and fracturing conditions at the onset of screen-out, a flow-similar
proppant bridging-induced screen-out model in a wedge-shaped fracture was established. A coupled computational
fluid dynamics—discrete element method (CFD-DEM) was employed to simulate the momentum exchange between
the fluid and proppant, among proppant particles, and between proppant particles and fracture walls. The results
indicate that, under high proppant concentration conditions, multiple bridges form within narrow fractures, and the
blockage region expands by impeding subsequently injected proppant, which constitutes the mechanism of
bridging-induced screen-out. The continuous reduction in effective flow area inside the fracture results in an
exponential pressure rise. Proppant concentration and the fracture-width-to-particle-diameter ratio are the primary
controlling factors. Under the conditions investigated in this study, bridging-induced screen-out occurs when the
proppant concentration exceeds 10% and the fracture-width-to-particle-diameter ratio is below 2. In addition,
reducing fluid viscosity and flow velocity can effectively slow down the formation of screen-out. These findings
provide both theoretical and practical support for field screen-out curve identification and the development of
intelligent early-warning models.

Hydraulic Fracturing, Screen-out, Proppant Bridging, CFD-DEM
PACS: 47.55.Kf, 47.11.-j, 45.70.-n, 47.85.-g
doi: 10.1360/SSPMA2016-00000
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