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Numerical analysis was performed to investigate the effect of heavy metal contamination on neighboring environ-
ment in case a dam is constructed by using rockfill materials contaminated by heavy metals. The numerical simula-
tion carried out in this research includes both subsurface flow and contaminant transport in the inside of the
CFRD(Concrete Faced Rockfill Dam), using two commercial programs, SEEP2D and FEMWATER. The three rep-
resentative cases of scenarios were chosen to consider a variety of cases occurring in a dam site; (1) Scenario 1 :
no crack in the concrete face slab, (2) Scenario 2 : a crack in the upper part of face slab, and (3) Scenario 3 : a
crack between plinth and face slab in the lower part of face slab. As a result of seepage analysis, the amount of
seepage in scenario 2 was calculated as 14.311~14.924 m®/day per unit width, corresponding to the 1,000 times
higher value than that in other scenarios. Also, in the simulation of contaminant transport by using FEMWATER,
specified contaminant concentration of 13 ppb in main rockfill zone was set to consider continuous leakage from
the rock materials. Through the analysis of contaminant transport, we found that elapsed times to take for the con-
taminant concentration of about 2 ppb to arrive at the end of a dam are as follows. Scenario 1 has the elapsed time
of 55,000 years. In Scenario 2, it is 50 years. Finally, scenario 3 has 27,000 years. The rapid transport of the con-
taminant in scenario 2 was attributed to greater seepage flow by 500 times than other scenarios. Although, in case
of upper crack in the face slab, it was identified that the contaminant might transport to the end of a dam within
100 years with about 2 ppb concentration, however, it happened that the contaminant was hardly transported out of
the dam in other scenarios, which correspond to either no crack or a crack between plinth and face slab. In conclu-
sion, the numerical analysis showed that the alternative usage of the contaminated sand and gravel as the dam
embankment material can be one of the feasible methods with the assumption that the cracks in a face slab could
be controlled adequately.

Key words : CFRD(Concrete Faced Rockfill Dam), Abandoned mine, Heavy metal, Numerical analysis, Seepage flow
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Fig. 1. Standard cross section of CFRD (KWRA, 2003).

Table 1. Characteristics in each zone of the CFRD.
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Table 2. Scenarios of numerical analysis.
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Fig. 3. Zoning of the dam for numerical analysis
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Table 3. Hydraulic conductivity of each zone.
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Fig. 8. Location of a crack in Scenario 3.
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Table 5. Comparison for numerical seepage analysis between FEMWATER and SEEP2D (scenario 1).

3 = FEMWATER SEEP2D
FEZFHAM A S (w/day) 7.8x10° 49x10°
FHETHAM HA S= (w/day) 6.8x10° 2.9%x10°
=Z2xF9A HFE 2= (w/day) 1.1x10° 1.0x10°
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Table 6. Comparison for numerical seepage analysis between FEMWATER and SEEP2D (scenario 2).
g = FEMWATER SEEP2D
FEETIIM ARET (m/day) 3.6 44
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Table 7. Comparison for numerical seepage analysis between FEMWATER and SEEP2D (scenario 3).
g = FEMWATER SEEP2D
FEz7ddN ANEE (m/day) 12x10* 12x10*
Faz7dolM HAAEE (m/day) 13x10* 0.9x10*
FEEFYNN BEFEE (w/day) 2.0x10° 24x10°
WS GAEY AFESY m¥/day) 2.7%10* 3.2x10*
Frgey ARH B2 ATSF widay) 13x10° 2.6x10*
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Table 8. Input parameters for the numerical analysis of
contaminant transport,

o 5 48 £33
B9 UE (kg/m) 1,000
&9 HAAE (kg/m/day) 94.8
Bulk density (kg/m®) 1,200
Longitudinal dispersivity (m) 10
Lateral dispersivity (m) 10
Distribution coefficient (m*/kg) 0.343
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Fig. 14. Boundary conditions for contaminant transport
analysis in FEMWATER.
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Fig. 15. Contaminant plume migration with
(scenario 1).
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Fig. 16. Contaminant plume migration with time (scenario 2).
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Fig. 17. Contaminant plume migration with time (scenario 3).
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