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Cement ring gestation mechanism and seal mechanical analysis with fracturing conditions
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Abstract: High pressure and cooling of fracturing fluid produce the risk of destroying the sealability of cement sheath in the process of
oil and gas well fracturing. Alternating effect of casing pressure and temperature exacerbates the destruction of cement sheath for
multi-stage fracturing or refracturing. It will affect the effect of multistage fracturing. It studied the gestation mechanism of cement
sheath, and the full-scale equivalent modeling and mechanical simulation of the casing-cement sheath-formation system are carried out
by the finite element software. It quantitatively analyzed the deformation and failure rules of multistage fracturing cement ring. The
results show that the inborn environmental pressure of downhole cement sheath is different from maintenance pressure, that should be
attributed to material properties of cement sheath; during fracturing, the cement sheath exhibits hoop tensile stress failure, and the
inside is easier to break than the outside; when fracturing stops, the residual deformation of cement sheath causes peeling stress at the
first interface, if the peel stress is greater than the bond strength of the first interface, the first interface will be stripped; increasing
tensile strength and reducing elastic modulus can improve sealability of cement sheath. This analysis provides the improvement direction
for the research of cement materials in oil and gas wells and provides reference for parameter optimization of multistage fracturing.

Keywords: cement sheath; sealability; inoculation mechanism; multistage fracturing; full-size modeling; mechanical analysis; peel

stress; integrity analysis
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Fig.1 Microstructure of cement
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Fig.2 Effect of maintain pressure
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Fig.3 Cement sheath stress under a casing pressure
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Fig.4 Multi stage fracturing diagram
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Table 1 Coarse parameters of casing-cement
sheath-formulation

MR W/ KB/ SRR, . 74
Fa - - . CPa HEE/N A (g-em™)
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Fig.5 Process of system modeling and simulation
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Table 2 Stress and displacement of model
in various axial size

A UG NX SR ANSYS #4574 IRt
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i FERIR ~f/ W J1/MPa A/ mm

mm A S Py Sl
1 $316x500 342 8.7 0. 098 0. 052
2 $316x600 341 8.4 0. 098 0.051
3 $316x700 339 8.2 0.097 0. 050
4 $316x800 338 7.9 0.097 0. 049
5 $316x900 337 7.7 0. 096 0. 049
6 $316x1 000 336 7.6 0. 096 0.048
7 $316x1 100 336 7.6 0. 096 0.048
8 $316x1 500 336 7.6 0. 096 0. 048
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Table 3 Stress and displacement of model in
different diameter

R [FHPSH =V %:1) Now 4 N 1/ MPa {7 #%/mm
mm mm R 1 I v 1 X 1]
1 50 $316x1 000 336 7.6 0.096 0.048
2100 $416x1 000 321 4.2 0.092 0.034
3200  $616x1 000 309 1.3 0.090 0.026
4 500  $1216x1000 305 0.48 0.088 0.010
5 1000  $2216x1000 303 0.097 0.087  0.003
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Table 4 Final parameters of casing-cement
sheath-formulation
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Table 5 Thermodynamic parameters of casing-cement
sheath-formulation system
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Fig.7 Temperature cloud chart of model
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Table 6 Comparison of stress and displacement
of model with or without temperature field

. . I¥ 71/MPa %/ mm
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