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Detecting Backward Erosion Piping Using a Tracer

ABSTRACT

Internal erosion is one of the main causes of levee damage and collapse, and representative of this is backward erosion piping. This
type of internal erosion accounts for one-third of the damage to levees, meaning it is important to predict and prevent it. In this work,
experiments were conducted with the aim of detecting piping in advance by using a tracer. Experiments were undertaken by
changing the head difference, soil diameter, and the installation of the cutoff wall. A tracer was injected twice, once at the beginning
of the experiment and once after the piping occurred. A key finding was that the piping process significantly affectedthe
concentration variation of the tracer in a soil layer. Hence, a tracer concentration curve monitored at downstream could provide
information about piping occurrence. It is expected that the results of this study can be used to prevent levee damage and collapse
caused by piping.
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Fig. 1. Schematic Diagram of the Piping Experimental Device Used in This Work
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Fig. 2. Particle Size Distribution of Soil Used in Previous Studies
(Dirkx et al., 2020; Robbins et al., 2020; Vandenboer et al.,
2019; Xiao et al., 2018; Xiao et al., 2019) vs This Study
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Table 2. Details of the Experimental Case

Case Soil dyg AH/L /L
S1003 0.06
S1015 0.30
S1024 0.48
Series 1 | S1030 No.6 0.49 0.60 0
S1036 0.72
S1042 0.84
S1045 0.90
$2006 0.12
S2009 0.18
S2012 0.24
Series2 | S2015 No.7 0.16 0.30 0
S2018 0.36
S2024 0.48
S2030 0.60
Cl1136 0.72 0.06
Series 3 No.6 0.49
C1236 0.72 0.10
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3. Changes in the Riverbed during the Experiment for Case
$1024 (AH/L=0.48, d;, = 0.49mm)
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Fig. 4. The Tracer Concentration Curve for Case 51024 (A H/ L= 0.48,
dy, =0.49mm)

g. 5. Changes in the Riverbed during the Experiment for Case
S1045 (AH/L=0.9, dy, = 0.49mm)
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Fig. 6. The Tracer Concentration Curve for Case S1045 (A H/L=0.9,
dy, = 0.49mm)
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Fig. 7. Changes in the Riverbed during the Experiment for Case
S2012 (AH/L=0.24, dyy =0.16mm)
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Table 3. Flow Rate before and after Piping Occurs (Qp, Q.), When
Piping Begins to Occur (Ty)

Flow rate (mL/s)
Case T,
Qo Q
S1003 16.65 - -
S1015 93.62 - -
S1024 133.88 - -
S1030 96.58 97.94 166
S1036 160.65 160.44 118
S1042 178.55 178.55 142
S1045 142.03 160.02 168
S2006 8.95 - -
S2009 8.53 - -
S2012 13.12 - -
S2015 32.52 118.51 945
S2018 25.17 87.68 1239
S2024 37.73 123.46 921
S2030 46.81 164.77 366
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Fig. 10. Flow Rate according to the Hydraulic Gradient
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Table 4. Ratio of Penetration Time and Time at Highest Concentration since Tracer Injection

Case AH T AT AT il Piping
T d-SU
S1003 3 16667 5837 0.350 61 X
S1015 15 3333 1995 0.599 306 X
S1024 24 2083 1339 0.643 490 X
S1030-T1 30 1667 977 0.586 612 X
S1030-T2 30 1667 1015 0.609 612 X
S1036-T1 36 1389 541 0.390 735 X
S1036-T2 36 1389 551 0.397 735 X
S1042 42 1190 517 0.434 857 X
S1045-T1 45 1111 226 0.203 918 X
S1045-T2 45 1111 57 0.051 918 o
$2006 6 27778 12205 0.439 375 X
$2009 9 18519 15365 0.830 563 X
S2012 12 13889 7287 0.525 750 X
S2015-T1 15 11111 2058 0.185 938 X
S2015-T2 15 11111 34 0.003 938 (0]
S2018-T1 18 9259 1686 0.182 1125 X
S2018-T2 18 9259 57 0.006 1125 (0]
$2024-T1 24 6944 814 0.117 1500 X
$2024-T2 24 6944 23 0.003 1500 (0]
$2030-T1 30 5556 412 0.074 1875 (0]
S2030-T2 30 5556 39 0.007 1875 (¢}
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