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Particle migration and clogging in porous media with seepage
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Abstract: The migration and clogging of fine particles in porous media with seepage are of great significance for preventing the
internal erosion of soils and improving the performance of artificial filtration facilities. The migration and clogging in the gravel
substrate under the seepage are studied based on the X-CT technology. The results indicate that the migration of particles in
porous media generally increases with the increase of seepage velocity, and its influence is significantly different under
different particle size ratios. The X-CT results indicate that the particles present a stable vertical distribution in the column and
clogging formed under the smaller ds/di. However, the vertical accumulative interception curve of particles presents a linear
distribution and changes continuously, indicating that the particles penetrate continuously under the higher ds/ds. On this basis,
the threshold whether particles penetrating or clogging is determined. Moreover, the factor of (d./d,)*'Re’*(tu"/ H)"* is
the best dimensionless parameter for calculating the penetration rate of particles, and the relevant formula is developed.
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Table 1 Experimental programs

Rk Bokikife  HREEE FLERR H/iTh=s WERE  BiRhife HEESE FLEE H/iTh=s
dss/mm dis/mm H/mm 1) O(mL min ") dss/mm dis/mm H/mm 1) O/(mL-min ')
2.5 0.372 149.6 0.427 106.40 5.5 0.118 2.5 0.372 149.6
2.5 0.328 149.9 0.427 106.40 5.5 0.328 2.5 0.328 149.9
2.5 0.202 149.7 0.427 106.36 5.5 0.238 2.5 0.202 149.7
2.5 0.169 151.6 0.427 106.36 5.5 0.202 2.5 0.169 151.6
2.5 0.202 150.9 0.427 98.22 5.5 0.169 2.5 0.202 150.9
2.5 0.169 150.1 0.427 98.22 5.5 0.328 2.5 0.169 150.1
2.5 0.202 149.1 0.427 90.01 5.5 0.238 2.5 0.202 149.1
2.5 0.169 152.2 0.427 90.01 5.5 0.202 2.5 0.169 152.2
2.5 0.202 150.6 0.427 81.76 5.5 0.169 2.5 0.202 150.6
2.5 0.169 151.3 0.427 81.76 5.5 0.328 2.5 0.169 151.3
2.5 0.202 150.3 0.427 73.62 5.5 0.238 2.5 0.202 150.3
2.5 0.169 150.4 0.427 73.62 5.5 0.202 2.5 0.169 150.4
2.5 0.372 148.4 0.427 130.90 5.5 0.169 2.5 0.372 148.4
2.5 0.372 148.3 0.427 122.70 5.5 0.202 2.5 0.372 148.3
2.5 0.372 148.3 0.427 114.50 5.5 0.169 2.5 0.372 148.3
3.5 0.372 150.7 0.434 106.21 5.5 0.328 3.5 0.372 150.7
3.5 0.238 150.8 0.434 106.40 5.5 0.202 3.5 0.238 150.8
3.5 0.169 148.8 0.434 106.36 5.5 0.169 3.5 0.169 148.8
3.5 0.118 148.9 0.434 106.30 6.0 0.372 3.5 0.118 148.9
3.5 0.372 149.3 0.434 98.15 6.0 0.238 3.5 0.372 149.3
3.5 0.328 149.9 0.434 98.26 6.5 0.372 3.5 0.328 149.9
3.5 0.169 148.4 0.434 98.22 6.5 0.328 3.5 0.169 148.4
3.5 0.118 148.7 0.434 98.16 6.5 0.238 3.5 0.118 148.7
3.5 0.372 150.8 0.434 89.99 6.5 0.169 3.5 0.372 150.8
3.5 0.328 149.9 0.434 89.99 6.5 0.118 3.5 0.328 149.9
3.5 0.169 149.8 0.434 90.01 6.5 0.372 3.5 0.169 149.8
3.5 0.118 150.7 0.434 90.01 6.5 0.328 3.5 0.118 150.7
3.5 0.372 150.1 0.434 81.85 6.5 0.169 3.5 0.372 150.1
3.5 0.328 151.1 0.434 81.85 6.5 0.372 3.5 0.328 151.1
3.5 0.169 148.9 0.434 81.76 6.5 0.328 3.5 0.169 148.9
3.5 0.372 149.6 0.434 73.62 6.5 0.169 3.5 0.372 149.6
3.5 0.169 148.9 0.434 73.60 6.5 0.372 3.5 0.169 148.9
3.5 0.372 150.0 0.434 122.70 6.5 0.328 3.5 0.372 150.0
4.5 0.328 151.6 0.437 106.40 6.5 0.169 4.5 0.328 151.6
4.5 0.202 150.7 0.437 106.36 6.5 0.372 4.5 0.202 150.7
4.5 0.372 150.8 0.437 98.26 6.5 0.328 4.5 0.372 150.8
4.5 0.328 150.2 0.437 98.15 6.5 0.169 4.5 0.328 150.2
4.5 0.202 149.7 0.437 98.22 6.5 0.328 4.5 0.202 149.7
4.5 0.372 151.3 0.437 89.99 6.5 0.328 4.5 0.372 151.3
4.5 0.328 150.2 0.437 89.99 6.5 0.328 4.5 0.328 150.2
4.5 0.202 148.2 0.437 90.01 6.5 0.328 4.5 0.202 148.2
4.5 0.372 148.9 0.437 81.85 6.5 0.328 4.5 0.372 148.9
4.5 0.328 151.1 0.437 81.85 6.5 0.169 4.5 0.328 151.1
4.5 0.202 147.8 0.437 81.79 6.5 0.328 4.5 0.202 147.8
4.5 0.202 151.6 0.437 73.60 6.5 0.169 4.5 0.202 151.6
4.5 0.328 149.5 0.437 163.71 6.5 0.328 4.5 0.328 149.5
4.5 0.328 148.2 0.437 155.40 6.5 0.169 4.5 0.328 148.2
4.5 0.328 149.9 0.437 147.40 6.5 0.328 4.5 0.328 149.9
4.5 0.328 150.9 0.437 138.79 6.5 0.169 4.5 0.328 150.9
4.5 0.328 148.6 0.437 130.90 6.5 0.328 4.5 0.328 148.6
4.5 0.328 150.3 0.437 122.70 6.5 0.169 4.5 0.328 150.3
4.5 0.328 148.3 0.437 114.50 6.5 0.169 4.5 0.328 148.3
4.5 0.328 151.7 0.437 106.30 6.5 0.169 4.5 0.328 151.7
4.5 0.328 148.6 0.437 98.16 6.5 0.169 4.5 0.328 148.6
4.5 0.328 148.9 0.437 90.01 7.5 0.202 4.5 0.328 148.9
5.5 0.328 149.1 0.422 106.36 7.5 0.202 5.5 0.328 149.1
5.5 0.238 151.0 0.422 106.30 8.5 0.328 5.5 0.238 151.0
5.5 0.202 151.3 0.422 106.30 8.5 0.328 5.5 0.202 151.3
5.5 0.169 150.9 0.422 106.36 8.5 0.328 5.5 0.169 150.9
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Fig. 2 Grain-size distribution curves of resin sand
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Fig. 4 CT images of migration and clogging of fine particles in

porous media (fine particles in green, gravel substrate in white)
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Table 2 Fitting formulas in terms of penetration rate of fine particles and mean seepage velocity with various particle sizes
dss/dss A A= A B C D
3846 m*=A+Bu*+Cu*+Du® 89 .80+773.75 -2.00+15.75 0.0140.11 -2.55X10354+2.36X 104
32.54 m*=A+Bu*+Cu* 39.53+80.82 -0.63£1.03 2.49X1034£3.26X103 —
22.28 m*=A+Bu*+Cu*'> 61.26-+22.04 -0.98+0.29 3.96X10349.10X 104 —
13.72 m*=A+Bu* -10.83+138  0.07+8.36X103 — —
6.72 m*=0 _ _ _ _
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Fig. 7 Phase diagram of penetration and clogging of fine particles
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