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• 3D ghost-cell framework captures transient hazardous gas dispersion
in urban layouts.

• Parallel barriers amplify peak ground concentrations up to 180% via
windward stagnation.

• Aligned street canyons promote longitudinal channeling and accelerate
plume flushing.

• Staggered obstacle arrays form low-velocity traps that more than dou-
ble toxic persistence.

• Validated against the 1984 Bhopal release, linking urban morphology
to toxic pooling.


