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ABSTRACT

The triaxial compression tests and consolidation tests using NaCl solution and leachates as substitute pore (or saturated)
water in samples were carried out to find out the behavior characteristics of strength, deformation and permeability
coefficient of contaminated clay. Also, the chemical property analysis on the clay samples using scanning electron
microscope and energy dispersive x-ray spectrometer were involved. The magnitudes of composition ratio were shown in
the order of O, C, Si, Al, and Fe as a result of chemical composition analysis for clay samples. Besides, as the results of
triaxial compression tests and consolidation tests, the shear strength, compression and permeability properties were
increased with increasing in the concentration of contaminant (NaCl). It may be considered that these circumstances be
caused by the changes of soil structure to flocculent structure due to the decrease in the thickness of diffuse double layer
with increasing in the concentration of electrolyte. MT3D model was also using to grasp the procedures that the
groundwater may be contaminated by the leachates permeated through the clay liner. The results of contaminant transport
analysis showed a tendency that the predicted concentration of groundwater was higher with increasing in the initial
concentration of CI™ ion and increased as a nonlinear curves with time. The transportation distance calculated by the use of
regression equation between the distance from contaminant source and the concentration of Cl™ ion was increased with
increasing the initial concentration.

Key words : Leachate, Diffuse double layer, Flocculent structure, Contaminated ground- water, Contaminant transport
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Table 1. Porewaters applied to the samples

Sample No. Porewater applied
SH-01 Distilled water
SH-02 5% NaCl solution
SH-03 10% NaCl solution
SH-04 20% NaCl solution
SH-05 Leachate (Danglin disposal site)
SH-06 Leachate (KeumSan disposal site)
SH-07 Leachate (KeumGo disposal site)
SH-08 Leachate (ShinDae disposal site)

Table 2. Physical and index properties of the clay samples

Sample % passing Specific Atterberg limits Water

No. N9.200 aravity PL Pl  content

sieve (%) (%) (%) W, (%)

SH-01 94.5 2.73 85.0 320 537  59.0
SH-02 95.9 2.73 835 313 522 617
SH-03 95.6 2.73 82.1 312 509  60.7
SH-04 93.5 273 795 300 495 612
SH-05 92.6 2.73 81.2 30.7 505 594
SH-06 93.9 2.73 851 312 539 589
SH-07 92.0 2.73 80.0 289 515  59.6
SH-08 90.5 273 789 293 496 585
Aver. 93.6 273 819 306 515 599

SH-06
Fig. 1. Typical particle structures of the specimens (magnified by 100,000 times).
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Table 3. Results of the EDX analysis for the specimens

Sample No. C o Na Mg Al Si Cl K Ca Fe Total
SH.O01 Weight (%) 2944 3491 0.89 1.25 6.87 16.58 1.63 2.17 0.62 5.63 100
Atomic (%) 4236  37.71 0.67 0.89 4.40 10.20 0.79 0.96 0.27 1.74 100
SH-02 Weight (%) 10.09  40.16 1.02 1.61 1130 24.50 1.13 4.49 - 5.69 100
Atomic (%) 16.79  50.20 0.89 1.32 8.37 17.45 0.64 2.30 - 2.04 100
SH.03 Weight (%) 1852  36.68 0.86 1.76 986  21.02 1.43 2.99 - 6.88 100
Atomic (%) 29.11 43.27 0.70 1.37 6.90 14.13 0.76 1.44 - 2.33 100
SH-04 Weight (%) 1623  39.67 0.97 1.55 783 2479 0.77 2.14 - 6.04 100
Atomic (%) 2552  46.83 0.80 1.21 5.48 16.67 0.41 1.03 - 2.04 100
SH.05 Weight (%) - 4423 0.86 231 10.56  25.10 1.43 3.51 1.10 10.90 100
Atomic (%) - 60.96 0.82 2.09 8.63 19.71 0.89 1.98 0.61 431 100
SH.06 Weight (%) 23.13  37.56 0.82 2.35 7.39 16.51 0.82 1.81 - 9.66 100
Atomic (%) 3497  42.57 0.65 1.76 4.98 10.68 0.42 0.84 - 3.14 100
SH.07 Weight (%) 3425 3583 0.60 1.43 6.19 12.69 - 1.87 - 7.15 100
Atomic (%) 4227  37.12 0.43 0.98 3.80 7.49 - 0.79 - 2.12 100
SH.08 Weight (%) 23.07 3243 0.72 1.36 8.81 21.85 1.51 4.29 - 5.95 100
Atomic (%) 3557  37.55 0.58 1.04 6.05 14.41 0.79 2.03 - 1.97 100

Table 4. Results of SAR analysis for leachates

Properties DangJin KeumSan KeumGo ShinDae
NH4-N (mg/L) 892 783 639 356
NO;-N (mg/L) 0 0 0 0
Alkalini
oy at: cacoy 11217 6683 6317 2350
pH 8.15 8.12 7.79 7.99
Hardness
(mglL as CaCOy) 979 1,064 905 860
Ca®* (mg/L) 136.8 81.9 110.6 473
Mg** (mg/L) 151.6 198.9 133.8 166.1
K" (mg/L) 1,251 918 892 256
Na" (mg/L) 1,518 1,320 1,186 332
CI” (mg/L) 4,403 3,348 2,945 1,704
SO+ (mg/L) 202 63 52 73
Fe (mg/L) 2.8 17.1 39.8 283
SAR 126.4 1114 107.3 32.1

=AM Table 40 1 AJ37F A€t o] 3EolA
SAR(sodium adsorption ratio)e &9 F4Ad3 Z7|
(aeration)?] HAEE UERll= AF= 213 2o] Na',
Mg, Ca? 0]2-9] ol we} AAHHT. £ Na* o]
SHr=7E 7k =, SAR grol AAE HE RN
o] Fo} F4Ado] AT ERE Hig} & okE1 3RS
= #AA3] A7k Stawinnski, et al., 1990).

+

Na
SAR(mg/L) =

Mg2+ 4 Ca2+
A 2
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Table 5. Result of unconfined compression and triaxial
compression tests

Triaxial compression test

Unconfined
compression v
Sample test uu Total Effective
No. strength strength
Cu Ceu Peu ¢ ¢
WD e @) ) k) ()
SH-01 81.95 42.02 7.85 182 5.88 20.3
SH-02 85.81 44.17 8.83 18.6 7.85 20.8
SH-03 88.56 46.38 981 18.7 7.85 21.1
SH-04 98.33 51.33 11.77 19.7 981 21.9
SH-05 109.7 56.98 11.77 202 981 223
SH-06 129.0 66.81 13.73 21.3 11.77 23.6
SH-07 133.1 68.32 13.73 22.1 11.77 249
SH-08 125.3 65.07 12.75 209 10.79 23.7
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Table 6. Results of the consolidation tests

Table 7. Variation of the coefficient of permeability (cm/sec)

Sample No. Cc Pc (kPa)
SH-01 0.452 80.0
SH-02 0.495 90.0
SH-03 0.608 96.0
SH-04 0.608 115.0
SH-05 0.548 125.0
SH-06 0.585 160.0
SH-07 0.616 170.0
SH-08 0.565 150.0
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Samle Load applied
No 9.81kPa 156.91kPa 1,255kPa
SH-01 325%x10°° 2.87x 1077 3.34x 1078
SH-02 432 %x107° 3.61x107 246x 107
SH-03 548 x107° 3.77 x 1077 534 %1078
SH-04 526x107° 3.69x 1077 4.89x107°
SH-05 3.61 x10°° 2.84 %1077 5.02x 1078
SH-06 3.75x10°¢ 2.81 %1077 5.05x 1078
SH-07 4.02x107° 3.03x 1077 473 %1078
SH-08 3.61 x10°° 2.74 x 1077 491 %107
1.0E-04
l ---x--- Distilled water ------ 5% NaCl
n ---0--- 10% NaCl -~ 20% NaCl
H —s—DangJin —¢— KeumSan
1.0E-05 —#— KeumGo —#— ShinDae
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'E 1.0E-06 \k‘
X ‘k <
1.0E-07 )
”‘::?i
5
1.0E-08
1.0E+00 1.0E+01 1.0E+02 1.0E+03 1.0E+04
STRESS (kPa)

Fig. 4. Variation of the coefficient of permeability, k.
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Fig. 6. Mesh used in the analysis modeling. Table 9. Hydraulic conductivity of the site
Hydraulic conductivity
II:Iayer Classifications
Table 8. Configuration of the analysis mesh 0- ko= kyy k.,
Descrin- Waste dis- Area ana- Number  Magnitude Embankment 1.0x 107 1.0x 107
tionp posal lyzed of cells of cells Layer-1 ~ Wastes 1.0x 1073 1.0x 107
area(m) (m) (RxC) (R xC) Fill 1.0x 107 1.0x 107
Waste Layer-2 Weathered soil 1.0x 107 1.0x 10°°
) 250x250 500x500 50x50 50 x50 — —
disposal Layer-3  Soft rock 1.0x 10 1.0x 10
Table 10. Hydrogeologic parameters of the site
Layer Classification Specific yield Porosity ' Lor_lg.ltudmal . Tr.an_sverse _ \./e.rtlcal
No. Sy) (%) dispersivity (m, o) dispersivity (m, ay) dispersivity (m, o)
Embankment 0.2 0.3 0.1 0.01 0.01
Layer-1 ~ Wastes 0.2 0.3 0.1 0.01 0.01
Fill 0.2 0.3 0.1 0.01 0.01
Layer-2 ~ Weathered soil 0.001 0.2 - - -
Layer-3 Soft rock 0.0005 0.1 - - -

Journal of KoSSGE Vol. 13, No. 1, pp. 13~23, 2008



20

Table 11. Contaminant source condition

CASE No. The sites leachate sampled Contaminant measured Concentration (mg/l)
CASE-1 DangJin waste disposal CI” ion 4,403
CASE-2 KeumSan waste disposal CI ion 3,348
CASE-3 KeumGo waste disposal CI ion 2,945
CASEA+4 ShinDae waste disposal CI” ion 1,704
Table 12. The concentration at the measuring wells according to elapsed time
Well No Distance CASE-1(yr.) CASE-2(yr.) CASE-3(yr.) CASE-4(yr.)
- (m) 1 5 10 20 1 5 10 2 1 5 10 2 1 5 10 20
COW-1 1646 000 128 246 14.1 0.00 9.7 187 107 000 86 00 00 000 50 95 55
COW-2 1363 0.05 1124 106.5 75.1 0.04 855 81.0 571 003 752 713 502 0.02 435 412 29.1
COW-3 1365 0.02 901 111.2 792 0.01 685 846 602 001 603 744 53.0 001 349 430 307
COw-4 1843 000 18 48 20 000 13 36 15 000 00 00 00 000 07 19 1.0
COW-5 963 000 0.7 312 1566 0.00 06 238 1191 0.00 0.5 209 1048 000 03 12.1 60.6
COW-6 767 000 6.6 100.8 566.0 0.00 50 76.6 4304 0.00 44 674 3787 000 25 39.0 219.1
COW-7 948 000 1.5 395 1782 0.00 1.1 351 1355 0.00 1.0 264 1192 000 06 153 69.0
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Fig. 7. Diffused concentration after 1 year (CASE-4).
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Table 13. The correlation equations for concentration decay of
chlorine ion with the diffused distance
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Fig. 12. Variation of the chlorine ion concentration with time at
the COW-6.
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. Initial . Diffused
Descrip-  concentration Correlation 2 .
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tions  of chlorine ion equations (m)
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CASE-6 2,945 (<0.0333d) 0.97 402
1853.2 x EXP
CASE-7 1,704 (~0.0333d) 0.97 286
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