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Abstract

In Korea, over three hundreds of the coal mines were closed or abandoned due to the depression of
the mining industry since the late 1980s. Many of them locate in the steep mountain valleys and the
coal mine wastes had been disposed without a proper treatment. From these mines, enormous amounts
of coal mine overburdens have been abandoned in the slopes and the ample amounts of acid mine
drainage (AMD) from either portal or overburdens have been discharging directly to the streams,
causing the detrimental effects on soil and water qualities.

Objectives of this research were to reclaim the coal mine overburdens using the lime waste cake
from the soda ash production by stabilizing the overburden slopes, introducing the vegetation alleviate
the environmental problems caused by the closed coal mines.

The percentages of the grass distribution ratio (%) and the surface coverage (cm’) in each treatment
plot were determined during June to August after seed spraying grasses such as orchard grass
{Dactylis glomerata L), Kentucky Bluegrass (Poa pratensis L.) and Eulalia (Miscanthus sinensis
Anderss) at the end of May. The grasses covered only 15.5 % of the coal overburden plot at the
early stage but the coverage was increased with time to 33% in August. Growth of such grasses was
enhanced with the combined treatments of lime waste and topsoil resulting in the increased surface
coverage by the grasses. The increment of the surface coverage from June to August was higher with
lime waste treatments. The distribution percentages and surface coverage were highest when the lime
wastes were treated at 25 % of the lime requirement. This might be related with the high salt
contents in the lime wastes.

Results demonstrated that the amounts of lime wastes at 25% of the lime requirement were
sufficient for neutralizing the acidic coal overburden and introducing the re-vegetation. Either layering
between the coal waste and topsoil or mixing with coal overburdens could be adopted as the lime

waste treatment method. The combined treatment of lime wastes and topsoil was recommended for
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re-vegetation in the coal overburden slopes. The lime wastes from the soda ash production might
have a potential to be recycled for the reclamation of the abandoned coal mines to alleviate the

environmental problems associated with coal mine waste.
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3. Field Application Experiment
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Figure 1. Layout of the experimental runoff segment plots with runoff and leachate collection reservbirs.
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Figure 2. Side view of the experimental at runoff segment plots.
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Table 1. Treatment plots of the field experiment.

Plot Treatments Lime Treatments Vegetation
No. Methods

1 Coal Overburdens only - Grass and trees
2 Coal Overburdens+Lime waste(LR 100%) Layered Grass and trees
3 Coal Overburdens+CaCO;+Dressing Soil Layered Grass and trees
4 Coal Overburdens+CaCO;+Dressing Soil Mixed Grass and trees
5 Coal Overburdens+Lime Wastes (LR 100%)+Dressing Soil Layered Grass and trees
6 Coal Overburdens+Lime Wastes (LR 100%)+Dressing Soil Mixed Grass and trees
7 Coal Overburdens+Lime Wastes (LR 50%)+Dressing Soil Layered Grass and trees
8 Coal Overburdenst+Lime Wastes (LR 50%)+Dressing Soil Mixed Grass and trees
9 Coal Overburdens+Lime Wastes (LR 25%)+Dressing Soil Layered Grass and trees
10 Coal Overburdens+Lime Wastes (LR 25%)+Dressing Soil Mixed Grass and trees

*Grasses: Orchard grass (Dactylis glomerata L), Kentucky Bluegrass (Poa pratensis L.)and Eulalia (Miscanthus
sinensisAnderss); Trees: Pine tree (pinus densiflora S. et Z.), Betula platyphylla var. japonica) and alnus firma S. et Z.)
LR: Lime requirement as CaCO;
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Figure 3. Buffer curve for the lime requirement of the dressing soil and coal overburdens.

BAA 3] 9] pHE 11.240)geH, ECE 79.55dS/m, 7% &2 0.83%°]1¢l7, #HA3 pHE 3.50,
ECE 023 dS/m(1:5), $71% S 1.65%Z ECS 7% o Aubol) wls) AR 3|7} oF 3408 &2
Aoz dveigren, f7]E TS FAF e vt 3 AMhe] of 2uiAE £ AR Yt
(Table 2).

Table 2. Chemical properties of the coal overburden, Lime waste and dressing soil.

pH EC oM Avail. IR Exchangeable
(1:5) P20s Ca Mg K Na
dS/m % mg/kg kg/10a e cmol(+)/kg ------
lime waste 1124 79.55 0.83 7.92 - 233.78 50.54 229 77.92
coal overburden  3.50 0.23 1.65 9.13 1659.90 3.90 0.29 0.06 0.07
dressing soil 6.51 0.03 0.08 15.75 36.75 4.54 0.54 0.06 0.12

OM : organic matter
LR : lime requirement (as CaCOs)

FArd o] 74 setEAdE Ax dAlEE FAbEol] ulied EoiEA T2 aEgsty] A
A A £2 7|58 AT 5 3leH, =
l 2 o]l FAS A2 A  9le JIF
7] dEells 7 HA BFAQ G dist] HrHE AAsteor & HAog fdhct o3t
AEE A3 A", BEAY fil F55% 24T 23 As, Hg, Cre] A5 25 ASWA
(As: 10 pg/kg, Hg: 20 pg/kg, Cr: 10 pg/kg) o)8tslom, Pbel 79+ 3 A{shelA] 6.90 mg/kge] A&
o] BF EFHAEAY By E7E oldkil AR viweE & AU} HA dv A=
vhelytth(Table 3).
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Table 3. Heavy metal contents in the lime waste, coal overburdens and dressing soil with the guidelines of

the Soil Environment Conservation Law. {(Unit :mg/kg)
M ] Threshold of Danger Levels . . )
l - - Lime Waste Coal Overburden Dressing Soil
Agricultural Area Factory/Industrial Area
Pb 100 400 N.D 6.90 N.D
Cu 50 200 N.D N.D N.D
As 6 20 N.D ND N.D
Hg 4 16 N.D N.D N.D
Cd 1.5 12 0.16 0.19 0.09
Cr 4 12 N.D N.D ND

N.D : not detected

wgl BAkA o] 9lzlel| Particle Sizeel] Wit & 3] EXE odolrr| ¢3) Malvern Mastersizer
S(Model : Mastersizer 2000) %= ®A17]5 A3t g BAE 3 AFors HAAAHLE 2~50um
o] Z7E e AR 230 7P AR 212 JebgdtiTable 4).

Table 4. Grain size distribution of the lime wastes.

Grain size distribution (vol.%)
Clay size (<2um) Silt size (2~50.m) Sand size (50um~ 2mm)
8.60 53.1 383

2. Field Application
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Table 5. Surface coverage(%) in the field segment plots.

umber Treatment Plots
montl I 2 3 4 5 6 7 8 9 10
1 18.8 13.6 14.6 15.6 12.7 26.2 25.0 316 26.2 202
2 18.2 7.6 25.7 15.2 16.6 305 25.0 292 233 276
3 12.5 18.6 9.7 13.0 14.4 26.3 302 334 24.4 319
I 4 17.1 8.3 12.8 13.5 215 227 15.5 22,0 24.0 20.2
E 5 11.0 17.9 9.6 15.5 13.8 223 16.2 355 29.8 279
e Max. 18.8 18.6 25.7 15.6 215 30.5 30.2 355 29.8 319
Min. 11.0 7.6 9.6 13.0 12.7 223 15.5 22,0 233 20.2
Avg. 15.5 13.2 14.5 14.6 15.8 25.6 224 303 25.5 25.6
SD 35 52 6.6 1.2 3.5 33 6.3 5.2 26 52
1 24.5 26.1 26.7 26.2 22.0 375 389 30.8 31.0 313
2 26.0 26.3 25.7 21.0 218 24.4 17.6 333 42.5 354
3 23.0 19.4 23.0 315 18.5 234 17.9 333 41.6 434
J 4 257 24.1 30.0 222 21.5 319 39.0 386 33.9 34.8
Lll 5 30.2 19.9 25.0 13.1 21.0 372 33.0 53.5 326 40.9
y Max. 30.2 26.3 30.0 315 22.0 375 39.0 53.5 42.5 434
Min. 23.0 194 23.0 13.1 18.5 234 17.6 308 31.0 313
Avg. 1259 232 26.1 22.8 21.0 30.9 293 379 363 372
SD 2.7 33 | 26 6.8 1.4 6.8 10.8 9.2 53 4.9
i 313 429 30.0 375 39.8 21.9 326 42.4 51.9 46.6
2 223 225 36.9 48.7 375 44.5 47.8 42.1 48.8 64.1
A 3 45.4 19.8 56.8 394 46.6 50.7 359 60.5 50.5 68.5
u 4 38.6 29.1 52.8 574 379 3238 312 37.6 59.1 65.4
g 5 294 234 54.8 45.7 40.4 375 36.9 45.6 52.6 61.2
151 Max. 45.4 429 56.8 574 46.6 50.7 47.8 60.5 59.1 68.5
t Min. 223 19.8 30.0 37.5 375 219 31.2 376 48.8 46.6
Avg. 334 273 46.3 457 404 37.5 36.9 45.6 52.6 61.2
SD 8.9 9.2 12.0 8.0 37 11.1 6.5 8.8 39 8.6
100
90 4
T June
- 80 1 July
& 70 £ August
§ 60 - 1
2 “
3 30 1
10 ] :
0

P1 P2 P3 P4 P5 PS P7 P8 P2 P10
Treatment Group

Figure 4. Surface coverage(%) in the field segment plots.
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Table 6. Surface coverage(cm?) in the field segment plots.

(Unit : cm?)
June Plot 1 Plot 2 Plot 3 Plot 4 Plot 5 Plot 6 Plot 7 Plot 8 Plot 9 Plot 10
1 377.1 330.7 318.9 276.7 236.4 638.9 688.3 540.7 4533 4753
2 3414 164.4 384.0 264.1 2983 453.4 579.7 508.5 484.0 550.5
3 286.8 336.2 174.8 2333 255.7 468.1 5943 387.1 510.9 543.1
4 343.9 150.1 2213 238.7 405.1 405.1 237.1 690.7 512.4 486.0
5 2053 253.2 181.0 277.0 2439 581.0 258.7 562.5 509.2 498.9
mean 310.9 246.9 256.0 258.0 287.8 509.3 471.6 537.9 494.0 510.8
July Plot 1 Plot 2 Plot 3 Plot 4 Plot 5 Plot 6 Plot 7 Plot 8 Plot 9 Plot 10
1 4493 522.5 713.8 519.6 6103 448.2 787.6 640.6 741.8 718.9
2 535.0 701.7 5134 452.6 450.7 454.6 368.6 656.9 698.6 7973
3 452.9 284.9 575.5 445.1 346.8 676.9 562.7 834.8 808.6 746.9
4 466.5 303.5 513.0 623.5 552.4 716.7 5832 799.8 688.4 742.7
3 755.8 8352 452.9 644.1 428.0 727.8 574.1 862.2 760.6 758.5
mean 531.9 529.6 553.7 537.0 4717 604.8 575.2 758.9 739.6 7529

August Plot 1 Plot 2 Plot 3 Plot 4 Plot 5 Plot 6 Plot 7 Plot 8 Plot 9 | Plot 10
1 748.4 665.0 594.5 768.4 804.7 7475 658.6 858.2 1050.3 881.1

2 603.2 456.4 726.2 948.2 716.6 881.8 939.7 848.9 945.9 12093
3 7872 584.6 11413 786.8 889.5 938.0 690.7 11953 990.7 12879
4 659.3 4714 1033.1 1143.2 722.0 636.4 718.9 728.4 1128.6 1290.4
5 603.2 559.8 11054 9223 §52.3 712.3 792.5 910.3 965.8 1210.3

mean 680.3 5474 920.1 913.8 797.0 783.2 760.1 908.2 1016.3 1175.8

Fig. 5+ #Agtognt x2]3t Control-HPlot. 1)&} 3] Aghel] FAMZ] Q73 100%E =9 A=
2] (Plot. 2)oll4l R F CoverAelE A3 A32 sfAetute g FA1xe] 9)= ControlFlHE 2]
EAS0] 7 Az Jelhded o) HMwt Wo dhEY e FU1EF A o] AEAA
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Frads o e . 4
Figure 5. Surface coverage in the coal overburden plot (control without lime waste).
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Figure 8. Surface coverage in the plot treated with 100% of the lime

requirement as CaCQOs.
S
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5

, 7, 99k &3 A2]dF A2 H(Plot. 6, 8, 10)el s} Surface CoverE FAFgE 2 oK Fig.7~9).

Figure 7. Surface coverage in the plot

treated with 100% of the lime requirement as the lime wastes.

- 45 -



Figure 8. Surface coverage in the plot treated with 50% of the lime requirement as the lime wastes.
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Figure 9. Surface coverage in the plot treated with 25% of the lime requirement as the lime wastes.
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