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Ductile Nano-Cement Slurry Cementing for Slim-Hole Horizontal Shale Gas Wells

WANG Tao'”?, SHEN Feng', ZHAN Zhuanying’, DOU Qian', GUO Qing'
(1. Research Institute of Yanchang Petroleum (Group) Co. Ltd., Xi'an, Shaanxi, 710075, China; 2. Shaanxi Key Laboratory of
Lacustrine Shale Gas Accumulation and Exploitation(under planning), Xi'an, Shaanxi, 710075, China; 3. College of Chemistry and
Chemical Engineering, Xi’an Shiyou University, Xi'an, Shaanxi, 710065, China)

Abstract: To improve the cementing quality of slim-hole horizontal shale gas wells and ensure the sealing effect
of the cement sheath while fracturing and the integrity after fracturing, a ductile nano-cement slurry (DNCS) and its
associated technologies were studied. The DNCS was developed by using carbon nanotubes compounded with fibers,
which had the properties of low elastic modulus and high tensile strength. Compared with conventional cement, the
elastic modulus of ductile nano-cement was reduced by 50.9%; the compressive strength was increased by 28.1%; the
maximum tensile strength could reach 5.2 MPa. An associated carbon nanotube three-stage mixing technology was
studied, which solved the problems of entanglement and difficult dispersion of large doses of nanomaterials, and the
field application of carbon nanotube cement slurry was achieved for the first time. The results of the DNCS cementing
test show that the qualified ratio of cementing quality in the horizontal section reaches 98%. The sealing effect of the
cement sheath was evaluated by borehole microseismic monitoring technology, and the microseismic event in the off-
design area during the fracturing process is 0, indicating that the cement sheath is well sealed. The DNCS provides a
technical support for the efficient and low-cost development of shale gas.

Key words: shale gas; slim hole; cementing; carbon nanotubes; ductile nano-cement slurry; three-stage mixing
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Fig.1 Internal structure of different cement stones
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Table 1 Dosage of key materials for different formula-
tions of cement slurry
e o 311 S I B & i i
BCJr  Ergiinit, % CNTshi, % L. % L. %
A0 0 0 0.40 0.30
Al 0.50 0 0.40 0.32
A2 0.50 0.02 0.40 0.35
A3 0.50 0.04 0.40 0.40
A4 0.50 0.06 0.40 0.45
A5 1.00 0 0.40 0.32
A6 1.00 0.02 0.40 0.35
A7 1.00 0.04 0.40 0.40
A8 1.00 0.06 0.40 0.45
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Fig.2 Stress-strain curves of cement stone with different
formulations
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Fig.3 Compressive strength and tensile strength of cement
in different cement slurries
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Fig.4 Pore size distribution of cement stone with different
formulations
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Table 2 Comprehensive performance test results of cement slurries

KIEEKRT  WRKAmL WEEWEE, % BRI (kgL ) PERE  WPEEU(Pas’) HAGHST ) /min
A0 52 0 0.002 0.79 0.27 134
A8 42 0 0 0.89 0.20 131
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Fig.5 Monitoring results of microseismic events in each fracturing section of Well YYP-10
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