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The accident at the Fukushima Dai-ichi Nuclear Power Plant (FDNPP) resulted in the deposition of large quantities of radionuclides over
parts of eastern Japan. Radioactive contaminants have been observed over a large area including forests, cities, rivers and lakes. Due to the
strong adsorption of radioactive cesium by soil particles, radioactive cesium migrates with the eroded soil, follows the surface flow paths,
and is delivered downstream of population-rich regions and eventually to coastal areas. In this study, we developed a model to simulate the
transport of contaminated sediment in a watershed hydrological system and this model was compared with observation data from eroded
soil observation instruments located at the Korea Atomic Energy Research Institute. Two methods were applied to analyze the soil particle
size distribution of the collected soil samples, including standardized sieve analysis and image analysis methods. Numerical models were
developed to simulate the movement of soil along with actual rainfall considering initial saturation, rainfall infiltration, multilayer and
rain splash. In the 2019 study, a numerical model will be used to add rainfall shield effect by trees, evaporation effect and shield effects
of surface water. An eroded soil observation instrument has been installed near the Wolsong nuclear power plant since 2018 and observa-
tion data are being continuously collected. Based on these observations data, we will develop the numerical model to analyze long-term

behavior of radionuclides on land as they move from land to rivers, lakes and coastal areas.
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Fig. 2. A procedure of sieve analysis for particle size.
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Fig. 3. Analyze of soil size distribution by digital images processing.
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Fig. 4. Soil size distribution by using sieve analysis.
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Particle Dlstnbutlon by using scanner
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Fig. 5. Particle size distribution for different equipment (a) camera (b) scanner.
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Table 1. Result of soil classification due to rainfall by analyzing image and sieve

Study of Soil Erosion for Evaluation of Long-term Behavior of Radionuclides Deposited on Land

Date (2017) Dio Dy Do C., C, Rainfall (mm)  Gradation Soil Type
07-25 0.0490 0.1082 0.2238 4.57 1.07 9.90 Bad Clay
06-28 0.0497 0.0992 0.2192 4.41 0.90 14.00 Bad Clay
07-17 0.0488 0.1148 0.2574 527 1.05 27.30 Bad Clay
mage 07-03 0.0462 0.1093 0.2471 5.35 1.05 54.20 Bad Clay
08-01 0.0483 0.1090 0.2348 4.86 1.05 69.60 Bad Clay
07-07 0.0444 0.1132 0.2934 6.61 0.98 75.20 Bad Clay
07-07 0.0680 0.1050 0.3240 475 0.52 75.20 Bad Clay
Sieve 07-10 0.0770 0.2210 0.7370 9.56 0.86 93.70 Bad Clay
07-11 0.0500 0.2140 0.8260 16.51 1.11 35.00 Good Clay
Compared Sieve and Image Passing Rate oju| x| ¢] A7 A=+ 600 Z Ed3tgr}, olm|#] A
128 . ey B3 A7t @@9] vl A= Fig, 63 2ol
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3 A} £ ojulA Z2aug e Fof du
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gy Zao] A2 Qelaiald. A B4 Z2ade 54D,
3 10 _::lsri?;/;e-ﬁ\l:]aally)/;::;j i Dy, D2 AHE31 0 E*}-’] EME fﬁ_@r &g ghet
0 P T SFItt. Table 104 & 7-9-Foll whe} 28 dAke] £
Particle Diameter (mm) 3717} Dy, Dyyoll A 2] 2+ 478 ¥ =7] 1]&-2] H3l= -0l
Fig. 6. Comparison between image and sieve analysis results. et FHdE Holx= oy vt Sukshi ko] &
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Table 2. Combination of input source by case of experiment

Experiment case

Input source

Considering soil erosion layer

EXPI
EXP2
EXP3
EXP4

Kinematic Wave Equation

EXP1 + saturation + porosity
EXP1 + saturation + porosity

EXP1 + saturation + porosity + erosion parameter

1 Layer soil erosion
1 Layer soil erosion
Multiple Layers soil erosion

Multiple Layers soil erosion

Texture Class Sample Size Total
Used!
n
Sand 762 0437 £ .063
Loamy Sand 338 0437 + 069
Sandy Loam 666 0453 £ .102
Loam 383 0463 £ 088
Silt Loam 1206 0501 £ 081
Sandy Clay Loam 498 0398 £ 066
Clay Loam 366 0464 £ 055
Silty Clay Loam 689 0471 £ 053
Sandy Clay 45 0430 + 060
Silty Clay 127 0479 £ 054
Clay 21 0475 + 048

Soil Depth Profile

nModel Domain

Porosity & Saturation
Residual Effective
Water Saturation
0, 0,
0020 £ 019 0417 £ 063
0035 + 032 0401 + 062
0,041 £ 065 04121 .129
0027 £ 047 0434 1 100
0.015 + 043 0486 + 092
0,068 £ 069 0330 095
0.075 £ .099 03904 .111
0.040 = 078 0432 + 085
0.109 £ 09 0321+ .14
0.056 + .080 0423 £ 089
0090 £.105 03851 .116

Data from Rawls, et al,, 1982

image Processmg COF Mean D

Cubmulatis Passing Flate

i 8 % 8 ¢ s 3 si

82 B4 08 88 1 12 14 18 18 2

Soil Size distribution
Observation data

Fig. 7. Diagram of numerical model for rain erosion simulation.
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