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Geometrical Constraints and Capillary Bundle Model for Sand
Production in Sandstone Reservoir at Particle Scale
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Abstract The sand production for loose sandstone reservoirs is studied. The stress conditions from the microscopic scale are
analyzed with a clear understanding of the mechanical condition. Three geometrical constraints for the sand production are considered.
For the reservoir to produce sands, the geometrical conditions and mechanical conditions must simultaneously be satisfied. The
formation pore is expressed by the capillary bundle. The capillary bundle model for the sand production is established by analyzing
the stress conditions between the fluid and the sand particles. A formula for the critical velocity is obtained. The critical velocity
increases with the increase of the sand diameter, the porosity and the sand particle frictional angle. The critical velocity decreases
with the increase of the viscosity. The formula gives results in a good agreement with experiments, and the average error is only
15.9% . This geometrical constraints are proposed which may help the mechanism of the sand production. The formula of the critical
velocity presented in this paper can be used conveniently in the oil field.
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Fig. 1 Sandstone particle force diagram
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Fig. 4 Sandstone particle movement model
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Table 1 Experimental study of sandstone production
i wRBER LB e S 2/
(107 wm’) % (m-d™)
P2-207-4 1009 33.42 2.935
P2-245-4 357 28.84 1.761
P2-X591-4 548 29.63 1.467
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Table 2 Comparison of calculation results and
experimental results
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P2-245-4 1761 1.94 10.1 15.9
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