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Research into the mechanics and deformation of discontinuous sanding
fractures

CHEN Xingyu, YIN Congbin, XIAO Jianfeng
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Abstract In order to improve the reservoir seepage and long-term conductivity after fracturing, by introducing the concept
of discontinuous multilayer sanding in fractures, the experiment evaluates proppant sand group compression and deformation.
Simultaneously, the deformation characteristics of proppant column under the action of closure pressure in axial and radial
direction have been analyzed. Combined with a Duncan-Chang constitutive model, the relationship equation is fitted which con-
tains the proppant column expansion radius, closure pressure and proppant concentration. According to the principle of contact
mechanics of elastic half space solid deformation, a three-dimensional discontinuous propped wall deformation calculation model
is established which considers the coupling action between the radial deformation of a proppant sand column under compression
and the closure of the fracture wall. Based on the above research results, using the Sulige tight sandstone reservoir for illustration,
the transformation of residual width in nonsupported area of discontinuous sanding fracture has been calculated and analyzed,
under the condition of different rock mechanical parameters and fracturing treatment parameters. The results obtained in this
study indicate that :(1) the volume of the proppant column and non-supported areas increase with the pulse interval and pump
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rate. Simultaneously the risk of fracture face closure in non-supported areas increases. For low-permeability sand reservoirs, the

middle of the surface in non-supported area starts to contact when the pulse interval is larger than 18s or pump rate is larger than

4.5 m3/min. (2) stability of a proppant column could be improved by increasing the proppant concentration. (3) the deformation
in non-supported areas and risk of fracture closure is smaller in rocks with a higher effective Young’s modulus
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Fig. 1 Comparison of oil & gas flow charcteristics between con-
ventional fracturing and high-frequency plug fracturing
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Fig. 2 Deformation of fracture under formation closure stress
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Fig. 3 Proppant grain distribution in fiber fracturing fluid

Table 1 Parameters of proppant sand pillar compressive deformation tests

WU /(kg/m®) LUERE ((kg/m®)  SCAEEEE /mm WHEPIAEAE mm SRR A SEWRFAHEE 1%
120~620 1.9~3.0 5 10 0.1
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Fig. 4 The discontinuous sanding fractures before compression
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Fig. 6 Deformation curves of proppant sand pillar under compression
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Fig. 7 The fracture deformation in half space
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Table 2 Parameters of simulation example
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Table 3 Simulation results of residual width with different pulse intervals

ik it ] /s b P ) B /m HEEEIY /Imm FRAYEE T /mm
8 0.91 1.35 1.30
10 1.02 1.51 0.98
12 1.12 1.65 0.70
14 1.20 1.78 0.44
16 1.29 1.90 0.20
18 1.37 2.01 —-0.02
20 1.44 2.13 -0.26
22 1.51 2.23 —-0.46
RATFHEEHTEARETITELER
Table 4 Simulation results of residual width with different pump rates

HEHE /(m3/min) AT [E)#E /m S48 5IY /mm FRAXHETE fmm
2.0 0.91 1.35 1.30
2.5 1.02 1.50 1.00
3.0 1.11 1.65 0.70
3.5 1.20 1.78 0.44
4.0 1.29 1.90 0.20
4.5 1.37 2.02 —-0.04
5.0 1.44 2.13 -0.26
5.5 1.51 2.23 -0.46
6.0 1.58 2.33 —-0.66
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Fig. 9 Three-dimensional deformation quantity of unloaded
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Fig. 10 Curve of fracture deformation with different pulse intervals
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Table 5 Simulation results of residual width with different carrying fluid concentrations
WHRE /(kg/m®) WA /m L5575 /mm FRANHETE /mm
120 1.09 1.78 0.64
220 1.11 1.72 0.57
320 1.12 1.65 0.71
420 1.13 1.61 0.78
520 1.14 1.57 0.85
620 1.15 1.54 0.93
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Fig. 12 Curves of fracture deformaiton with different carrying fluid concentrations
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Table 6 Simulation results with different effective Young modulus
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Fig. 13 Curves of fracture deformation with different effective Young modulus
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