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Modified Ideal Packing Theory to Optimize Size Distribution of

Plugging Particle for Fracture Lost Circulation Control
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Abstract; The grain size distribution of bridging particles can determine the plugging effect in fractured
formation, but the existing methods cannot design the size distribution of plugging particles over the
whole particle size range according to the fracture size. Based on the Horsefield principle of particles
dense packing, the ideal filling theory is improved. The particle size distribution of multi-stage discrete
effective plugging particles in the whole particle size range can be calculated according to the fracture

size. With the improved theory, the size distribution of bridging particles for 5 mm or 3 mm fractures
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was designed, and the fracture plugging effect was evaluated. The results show that, with improved i-
deal filling theory to design the size distribution, 5 mm fracture can be sealed using quartz sand or
walnut shell as the bridge plugging particles, and the plugging effect is better than that of before the
improvement with smaller volume of sealing layer, lower amount of the lost circulation. In addition,
for 5 mm or 3 mm fractures, the bridge plugging walnut shell particles with size distribution designed
with the improved theory can effectively block the corresponding fractures and those with lower size,
indicating this theory can be used to design plugging particle size distribution in multi-scale fracture
formations.
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Table 1 Particle size and porosity of close packed particles with different size grade
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Fig.2 Particle size distribution of plugging particles designed with different theoretical model (HSD—Horsefield theory;

MID—Modified ideal packing theory;ID—Ideal packing theory)
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Fig.3 5 mm fracture sealing layer signed with different theoretical model
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Fig.5 Fracture sealing layer of plugging particles with size distribution designed for 5 mm or 3 mm fracture
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