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Abstract: Sulfur-iron mine waste dumps are subject to dual hazards of heavy metal contamination and slope
instability. Based on the approach of “slope reshaping first, phytoremediation follow-up” this study investigates
the remediation of such dumps and explores its impact on the migration and diffusion of heavy metals. Initially,
the stability of the original dump slope was analyzed using the limit equilibrium theory with the SLOPE/W mod-
ule of GeoStudio, and the reshaping scheme was optimized to ensure geometric stability. Subsequently, the
SEEP/W, VADOSE/W, and CTRAN/W modules were employed to simulate and evaluate the influence of evapo-
transpiration during phytoremediation on the migration patterns of heavy metals in the stabilized slope platform.
The simulation results indicate that slope shaping improves the safety factor of the waste dump to 1. 292. laying

a safe foundation for subsequent phytoremediation. The gentle slopes formed by reshaping promoted vegetation
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coverage, enhanced pollutant enrichment and transpiration by plants, and created a hydraulic control effect

within the dump, significantly altering the migration pattern of heavy metals represented by Cu?*. Comparative

analysis indicates that the synergistic effect of reshaping and vegetation outperforms either measure applied

alone, with their combination most effectively reducing Cu** concentration and migration distance. Ultimately,

the integrated treatment significantly slowed the diffusion rate of contaminants and reduced the environmental

risk of heavy metals. This study reveals that combining engineering stability with ecohydrological stability can

form a joint enhancement mechanism, providing innovative theoretical and methodological insights for the reme-

diation and risk control of sulfur-iron mine waste dumps.

Key words: pyrite slag heap; slope shaping; phytoremediation; heavy metal migration; GeoStudio; numeri-

cal simulation; evapotranspiration
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Fig. 1 Fushun City boundary map (a), Xinbin Manchu Autonomous County (b) and land use map of the surrounding area (c)
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Fig. 2 Site condition map of the project area
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Fig. 3 Generalized model and mesh generation of the pyrite

cinder dump (pre-conditioning)
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Fig. 4 Generalized model and mesh generation of the pyrite

cinder dump (post-conditioning)
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Fig. 10 Photo of pyrite slag heap sampling

2.2.2 HLEGIHBE TIT 5NN 9

E 11 A TEIE 1 A IE 2 B9 Co> i B AL 1A,
B 12 T 1 S TE 2 H5 Je i 8% 1095 d Bk



%5 4 3] TN IBCRIE RIS 1R P BRI HE SR 4 R I RS A R 1263
; b
s (@ . Wz B
3ss|- [ <-0.01-0.005 T 7/m’ 185 W <2-0.01- 0005 =i
5 /m3 [30.005-0.02 F7i/m*
= [0.005-0.02 T 5i./m 5
375 T3 375 [30.02-0.035 T 7/m?
- N 00.02-0.035 T 5/m 5
365 = HilTi 1 [ 0.035-0.05 T 3/m* 365 = 0.035-0.05 T-5¢/m’
= 008 o 65 T Fr/m’ 0.08 [00.05-0.065 T 5i/m?
&35 — 58'82;%082 o E3ss= \ 5 80.065-0.08 T-52/m’*
3 - % .065-0. \ g T
B3 E N\ | E=0.08 F55/m fz 345 = i
335 = 335 =
325 ; 325 P
315 — = e EEE 315 O 15 e
30 S I T O I B T T Y
0 10 20 30 40 50 60 70 80 90 100110120130140150160170180 0 10 20 30 40 50 60 70 80 90 100110120130140150160170180
BEES/m FEES/m
11 58 1RSI 278 Cu™ iE Bl &]
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