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Abstract: During multistage volume fracturing of shale gas horizontal wells, casing deformation severely restricts the efficient development of
shale gas. Specifically, the casing deformation rate in major blocks of the Sichuan Basin in China exceeds 20%. Among 43 drilled wells in
the Baima block of the Fuling shale gasfield, 11 have suffered casing damage (with a casing deformation rate of 26%), and the casing
deformation rate in the Duvernay shale gasfield in North America reaches 47%. This issue often leads to the failure of bridge plug setting,
affecting fracturing operations. To effectively prevent and control fracturing—induced casing deformation, this study proposes a cementing
technology based on nitrogen—injected foam cement slurry, which mitigates the influence of formation shear slip on the casing by enhancing
the deformation capacity of the cement sheath. A three—dimensional mechanical model of sliding fracture—cement sheath—casing was
established using FLAC’D to analyze the influence of the elastic modulus of the cement sheath on casing deformation. Mechanical property
tests of foam cement stone were conducted, and the results showed that its maximum compressive deformation capacity reached 54%, far

exceeding the 3%-5% of conventional cement stone, and that its elastic modulus could be flexibly regulated by the nitrogen injection
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volume. Combined with downhole conditions (such as casing deformation risk locations and lost circulation risk), four casing deformation
prevention and control cementing processes were designed, namely the full-horizontal-section integrated type, interval type, targeted type,
and whole—well variable—density type. Field tests were subsequently carried out in the Baima block of the Fuling shale gasfield. The research
results indicated that when the elastic modulus of the cement sheath decreased from 10 GPa to 0.5 GPa, the casing shear deformation was
reduced by 80%. When it decreased to 0.01 GPa, the influence of 35 mm formation slip on the casing could be neglected. The maximum
compressive deformation capacity of foamed cement stone was 54%, much higher than the 3%-5% of conventional cement stone, and its
elastic modulus could be regulated by the nitrogen injection amount. For all six test wells, the excellent rate of cementing quality exceeded
90%, and that of the horizontal section exceeded 96% in some wells. No casing deformation occurred after fracturing, forming a sharp
contrast with the 26% casing deformation rate of wells cemented with conventional cement slurry in the same block. Well Jiaoye X5HF
maintained normal production for 1 year after fracturing, with a daily gas production of 4.6x10* m* and no annular pressure. In conclusion,
the nitrogen—injected foam cement slurry cementing technology significantly reduces the influence of formation shear slip on the casing
through the buffering effect of the flexible cement sheath. The four proposed processes can be adapted to different downhole conditions,
effectively solving the problem that conventional cementing technologies struggle to balance sealing and buffering performance and providing
an innovative solution for casing deformation prevention and control in shale gas wells under complex geological conditions. However, when

the formation slip exceeds 45 mm, measures such as increasing the casing wall thickness should be combined for coordinated prevention and

control.
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Fig. 2 Influence of cement sheath elastic modulus on casing

deformation
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Fig. 3 Displacement contour maps of casing and cement sheath under different elastic moduli of cement sheath
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