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Dehydration of a Coal Mine Drainage Sludge for the
Potential Landfill Cover

Ming-Can Cui', Jung-Hyun Lim', Yeaui Phyungl, Min J. angz, Yon-Sik Shim’, and J ee-Hyeong Khim""

'Determent of Civil Environmental and Architecture, Korea University, 5 Anam-dong, Seoul 136-701, Korea.
*Mine Reclamation Corporation, 80-6 Coal Center, Susong-dong, Jongno-gu, Seoul, Republic of Korea

A coal mine drainage sludge(designated as CMDS) is mainly generated during physicochemical treatment
or electrical purification of the drainage abandoned mine that include dissolved heavy metal.

To understand the possibility of an application of the dehydrated CMDS as the landfill cover medium of
hygienic a reclaimed ground, an laboratory experiment was performed to investigate the physicochemical
and geoengineering characteristics of the dehydrated CMDS. To improve the geoengineering
characteristics of the dehydrated CMDS, the liquid limit, plasticity limit test, compaction method test,
strength test, and hydraulic conductivity test ware performed with the lithification material mixed sludge.
When the mixed ratio of the sludge and the lithification material was more than 1:06, the compaction
method was A method, the moisture content less than 33.5%, the strength of mixed sludge was 8.2 kg em’,
the hydraulic conductivity was 2.7 X 10° cm sec”, the sludge was up to the landfill standard of US

Environmental Protection Agency (US EPA).

Key words: CMDS, Compaction method, Moisture content, Strength, Hydraulic conductivity
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3 HF YEEL061-2356 molUth B ATE 93
AE7F AHE 12-196] £3A 9] pH 83, FEEF>
185%, &3 245%°10 . XRD(X-ray diffract
meter/X' pert PRO/PHILLIPS)AAEA Azl A
(Quartz),

2 A A (Goethite/FeOOH), A& 4] (Magnetite/FesOs)
o] &%, ICP-AES (Inductively coupled plasma

atomic emission spectrometer/OPTIMA 5300
DV /Perkin Elmer)d &3 EAZA3 FAE
Fe203 64.7 687 wt %, CaO 86 105 wt %, Al203
052 0.79 wt %, MgO 032 056 wt % °.2 AZHH A
o} GalA &5 EAL BX5l7] ¢ste], Table 19
A St H7E FAAEH(KSLP: Korea standard
leaching procedure) @} US EPAA A}L5 T U=
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EPA method 1311)¥HH o2 E A3 A3} Table 13
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s AEs}7] Y8t &89 as)
ZFu|&E 1:1, 1:08, 1:06, 1:04
29 a5 AA. AA S
AAE, RAE, GFAEAE, FFAES AAe

Table 1. Comparison Korea standard leaching procedure and US EPA TCLP standard.

Methode KSLT TCLP
object Industrial waste judgment Leachate Monitoring (Industrial waste)
Preprocessing 5.0~5.5 mm 9.5 mm
Returning horizontality shake Rotary Extraction Device
Shake Shake wide: 4~5 cm
Shake number:200 rpm Shake number:30 rpm

Shake time 6hr 18hr

H Distilled water in HCI addition Fluid 1: 4.93+0.05
P pH 5.8~6.3 control Fluid 2: 2.88+0.05

10:1
st 20:1

waste 100 g above
separation 1 yum membrane filter 0.6~0.8 ym membrane filter
Instrument; 2 L Flask 2 L¢] Teflon or PE
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Holth, &AHAIE THkAlFe] AR FEHIZ Axzstgen A¥WH-2 ASTM D 50845 ©]
L4701 =9, Fo ER¥ET ofyE & &3t &g FeAT AAE S Adsian
= T 9% 8% 840t o7
2 A (PL, Plastic Index)7} =W, BEx 7= Y] BEE AIREE EZo
ERE 5 A "I 4A wEt A A VHARE FE U S dUYRE,
19481 Casagrande”} ZHEE HEEEO T IFYiAE EER S ZA

el getet AF2 flod FEd WEA ZIukaA
23/ FARIAARAA FFAFE 5X10-5 cm
sec A g gut Y3, AFolFel B UFAEE
05 kg cm” o4& 273k itk #H71E BEY
= dUEE, FUEE, HAFEES] A YEiL
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=3ttty AFE 9l Table 3= w3 3}74H
(US. EPA)°IA 873t HEAS 7ot

Table 3. Regulation US EPA regarding materials for covering
sanitary landfill.

Item US EPA Regulation
Liquid limit (LL) Under 50%
Plasticity Index (PI) Under 25%
Max. Dry density More than 1.5t m”
Porosity Under 42%
Content of organic clay and mud Small quantity

Table 2. Contents of heavy metal tested by CMD sludge rural development administration.

Standard amount KSLP TCLP

Item for designated

waste Spring Autumn Winter Spring Winter

mg kg

Pb 3.0 0.052 0.071 0.01 0.021 0.011
Cu 3.0 0.011 ND 0.022 0.018 0.023
As 1.5 0.034 ND 0.021 0.024 0.035
Hg 0.005 ND 0.002 ND ND ND
CN- 1 ND ND ND ND ND
Cro+ 1.5 0.012 ND 0.067 ND 0.006
Organic phosphor 1.0 ND ND ND ND ND
TCE 0.1 ND ND ND ND ND
PCE 0.3 ND ND ND ND ND
Oil 5% 5% 5% 5% 5% 5%

ND: Not detected
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Fig. 1. Grain size distribution curve.
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Table 4. Geotechnical characteristics of mixture sludge.
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Fig. 2. Plasticity chart showing index property of CMD sludge.
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CMD sludge and Lithification material

Item . .

mixture ratio
mixture ratio 1:1 1:0.8 1:0.6 1:04
LL(Liquid limit) (%) 355 38.6 428 459
PL(Plastic limit) (%) 17.8 19.2 20.52 23.1
PI(Plasticity Index) (%) 16.8 18.6 194 26.2
Porosity (%) 264 28.6 325 38.6
Optimum moisture content (%) 275 32 335 36.5
Max dry density (g cm™) 1.296 1.275 1.240 1.196
Strength (kg cm’) 113 12.7 8.2 10
Hydraulic conductivity (cm sec™) 57x10° 1.8x10° 27x10° 1.6x10°
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Fig. 3. Results of compaction test.
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Fig. 4. Results of unconfined compression test for mixed sludge.
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Table 5. Triaxial permeability test.

Compaction method A

Mixing ratio 1:1 1:0.8 1:0.6 1:04

Curing day Hydraulic conductivity (cm sec”)

Iday 57%10-6 1.8x10° 27x10° 1.6x10°

3day 32x10-6 13x10° 22x10° 9.5%10”

7day 1.7x10-6 6.5% 107 13%x10° 42x107
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