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Abstract: Microbially induced calcium carbonate precipitation ( MICP) technology has been widely recognized for its
environmental compatibility in soil reinforcement applications. However, the engineering application of traditional two-
phase grouting processes has been hindered by challenges including uncontrollable bacterial fluid migration and nonuni-
form cementation fluid penetration. To address these limitations, a one-phase grouting system regulated by the urease
inhibitor N-butylthiophosphoryl triamide (NBPT) was developed, aiming to synergistically enhance impermeability and
mechanical performance through optimized reaction kinetics. The optimal NBPT concentration (0. 15 mmol/L) was de-

termined through orthogonal experiments, and systematic comparisons with conventional two-phase grouting were con-
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ducted via variable-head permeability tests, unconfined compressive strength measurements, and cementation distribu-
tion analyses. The experimental results demonstrate that urea decomposition was delayed by over 24 h at the optimal
NBPT concentration, enabling an effective cementation fluid diffusion radius of 1.5 m~1.8 m. The permeability coef-
ficient was reduced to 5.1 x 10 ™7 em/s, while the compressive strength was increased to 1. 92 MPa, accompanied by a
cementation uniformity index of 0. 86. The proposed technique was validated in a complete construction through a sin-
gle grouting operation, with efficiency enhanced. Furthermore, NBPT exhibited a 14-day half-life,, and its residual soil
concentration was maintained below 0.1 mg/kg after 90 days, with ecological risks further minimized when integrated
with biochar adsorption. By implementing a spatiotemporally matched time-delay reaction mechanism, ecritical draw-
backs of conventional processes (including localized clogging and performance trade-offs) were effectively resolved.
This innovation provides a high-efficiency, low-carbon solution for critical infrastructure applications such as embank-
ment seepage control and foundation stabilization.

Keywords : microbial-induced calcium carbonate precipitation; urease inhibitor ; one-phase injection; anti-per-

meability ; engineering reinforcement
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