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Stability investigations were conducted for the heap of coal associated wastes occurred from D mine located
in Gang-Won Province from the geotechnical and environmental engineering aspect, and a countermeasure
was also examined to increase the stability in this area. Quality of water flowed from the heap of coal asso-
ciated wastes was identified as AMD. Slope stability investigations were conducted with both circular failure
analyses using SLOPILE program and planar failure analyses in cases of dry, rainy, and ordinary slopes. The
results of circular failure analyses indicated that the factor of safety is 0.78 for rainy case. For planar failure
analyses, the factor of safety decreases with increase the depth and reaches below 1 about 4m depth for rainy
case. A retaining wall system with backfill using the recycled-concrete aggregates as a practical scheme was
suggested to satisfy both demands: reducing AMD generation, and enhancing slope stability in the deposits of
coal associated wastes.
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Fig.1. Geological map of the heap of coal associated wastes near D mine
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Fig. 2. Particle size distribution of the coal associated wastes
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Table 1. Conditions of compaction test

Specimen size Diameter 30cm, Height 62cm
No. of layers 5layers(12~13cm/layer)
No. of drops 0~72 times
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Fig, 3. Schematic cross section diagram of the heap of coal associated wastes
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Fig. 4. Schematic diagram of the expected precipitation flowing path during
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Table 2. Physical characteristics of the coal associated wastes

Items Values
Specific gravity 252
Water content (%) 4.08
Abrasion ratio (%) 36.9
Water absorption (%) 1.82

Table 3. Results of compaction tests

No. of tamping Dry unit weight(t/m") Compactive effort (cnrkg/cm’)
0 1.243 0
4 1.563 0.250
9 1.631 0.587
18 1.724 1.241
36 1.855 2672
72 1.931 5.562
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Table 4. Predicted dry unit weights using hyperbola method

Density Min. dry unit  {Max. dry unit weight| Relative density (%)
Material weight (tf/m) (tf/m) 50 70 %
coal associated wastes 1.49 1.92 1.68 1.78 1.87
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Fig. 5. Results of compaction tests : dry unit weight vs. compactive effort
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Table 5. Results of consolidated-drained triaxial tests

Confining pressure | (0] — 03) max (0,— 05)/2 (0,"+05)/2
(gf/ con’) (kgf/crn?) (kgf/crn?) (kgf/crrd)
1.0 2.848 1.424 2424
20 5.250 2.625 4.625
3.0 7.500 3.750 6.750

—
o

Coal Associated Wastes
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Fig. 6. Mohr circles and failure envelope from consolidated-drained triaxial tests
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Table 6. Properties of materials used for the numerical analysis

141

Wet unit Saturated unit Cohesion Friction angle
Materials ) _ 3 ) .
weight( ¢/ m®) weight ( #/ m?) c (HYm? ()
Colluvial coal associated
1.80 2.04 1.00 28.00
wastes
Coal associated wastes 1.80 2.04 15 32.5
In situ ground 2.10 2.20 5.00 35.00
Table 7. Results of slope stability analysis using Bishop method
Cases Ground water level Factor of safety Failure place & scale
. Top of slope in the coal associated
{a) Dry Top of the in situ ground 1152 wastes layer
. Below the colluvial coal .
(b) Ordinary associated wastes layer 1079 Entire of slope
. T. . .
() Rainy Top of the colluvial coal 0,784 oe of sloPe in the colluvial coal
associated wastes layer associated wastes layer

30
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100
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Coal Associated Wastes //

In-Situ

&

B0 100 150 200

250 300 353 400
DISTANCE(N)

450 500
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Fig. 7. Result of slope stability using Bishop method for the case of wet period

(Colluvial coal associated wastes laver is fully saturated)
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Table 8. Results of planar failure analysis
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Factor of safety (Fs)
Depth
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(c=1.5tm? ¢=32.5" )| (c=1¢tm?* ¢=28")
2 1.80 1.34
4 1.31 1.01
6 114 0.90
8 1.06 0.84
10 1.01 081
12 0.98 0.79
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Table 9. Results of water pollution around the heap of coal associated wastes
Basic item Cation Anion
(mg/ 1) (mg/ 1)
Cond. |ORP| DO TDS 5
pH us) | ) |me/ 1) | e/ 1) Fe | Al [Mn|Pb|Cu|Zn|Cd| As | Ca|Mg SO, | E-
Measure1 | 3.79 | 5165 | 185 | 577 | 2696 | 04 | 226 (51.0|017[0.25|7.05|N.D|0.80 | 324 | 744 | 4920 (10.3
Measure2 | 3.76 | 5510 | 186 | 596 | 2880 | 0.5 |238|54.8|0.17|029|7.63 |N.D|086|327 | 786 | 5152 |10.2
Measure3 | 381 | 5170 | 184 | 560 | 2700 | 0.4 | 223 |514]013|027|113 |N.D | 082 | 325 | 735 | 4878 | 96
Average* | 3.79 | 5282 | 185 | 578 | 2759 | 0.4 | 229 (524|016 (0.27|5.27 [IN.D | 0.83 | 325 | 755 | 4983 |10.0
Stream ** | 6.68 | 347 | 15 | 4.80 165 (N.D|ND|071 ND|N.D|0.03|ND|N.D|326(231| 104 |0.16
* Average of outflow water quality from the heap of coal associated wastes
** Water quality of stream N.D.= not detected.
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