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Evaluation of the Engineering Property of Clay Minerals
Nearby Seoul Area as Clay Liner Material

Seok-Young Oh* and Hyo-Taek Chon*

ABSTRACT : This research was carried out to evaluate the possible usage of natural clay materials collected from the
Kimpo landfill site and nearby clay mines as a clay liner material. In order to evaluate the possible usage as a clay liner
material, specific gravity, pH, loss-on-ignition (L.0.L), organic carbon content and mineralogical composition of clay
materials were measured. The Atterberg limit test and the size analysis were performed for the engineering classification
and the prediction of hydraulic conductivity of clay materials. Cation exchange capacity (CEC) and batch tests were
also carried out for the assessment of attenuation capacity. Clay specimens of KPNCL, KP-1, KP-2 and SH were re-
commended as suitable clay liner materials from the viewpoint of their basic quality and attenuation capacity.
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FHE A o)gdhs EEAFT Toly H 2o 5
272% (Hydraulic control layer)E B3] 0] 45
I 3ok A iyEe H71839 QX249 nke) o}
2A AEE 4 gor 53] M ERFYe] A$ 0
B9} Fpv)o] uhel elAEEr) dERug HA ) ¢
FHIE 443t AAg oA Fo| 5o, HE &}
He] 97 o 2 dujghe SYPATRY] FRAQ
&3] T8 FAHSE AAEL U (Keller ¢ dl.,
1986).

AERAFE ] vd2Ae 484 Hrlde SFEiER
€ HIZE 288 BA 7MY ollE e gEAY A4
(attenuation) T i3t FrPl FFH oz o] oA
of 3t} (Czurda, 1993; 24193, A &9, 1996). <fLks1@
HEAFHL djhdA] M YA HE SGERATY wres
Bl 2HdEA S NANAE 328 wiAoly mjgA|
EFE] 29EAY AL 38 s E 25y
o A5 L Hrishs Ao) 207 Yol XA
A gte] w2 B3 2 GERH NFL 495y 87
ol &g HAL AstE A Dol R FFo] g
B Ad5H Hriz 3224 AY (batch test), 3
4 4% (column test) & B3 F345d, =g, B&
3, Fol& n¥ &5 (CEC), #7153 gkl uat o

F 5o dahsiofe} g,
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HEEZ A5u o2 A3 43 71ee 98 a7
Eof 9sled A7E T Daniel (1993)0] AAE @ &
FAEE: 107 cm/s ©l8k, @ 2ARAS: 7~10% °1/3, @
J=RAA] AE (silt) Z7] olste] % 20~30% °©1, @
AEEAXA] A2 (gravel)d] % 30% ol3t, ® HHAA
27): 25~50 mm 5¢ 71Z37, Rowe 5 (1995)°] AA|
3 @ $YAEE 107 cm/s oI5k @ Y=RAA HE
(<2 pm)®l % 15~20% ©14, @ 2HAF 7% o3, @
FAE (activity) 0.3 ©14, ® CEC 10 meq/100 g ©1%
E9) 7)Fo] gEAo|t}, EF EdoMe FEAER
107 (em/s) ol3}, WEHES &F 10% o4 & A+
Yogo] r|Fez HRs9en (Czurda, 1993) B3
NRA (National Rivers Authority)ol A& 9434 90%
ola}l, AR 65% ole, AEHF 10% o4 Fol AA
s 09 (Clark, Davies, 1996), Murray % (1992)2 &
R 57t 12% o1/del ook Brha A Al AT

o] AP NE dA AHEH T Y ABHEAFE T
53 Fdo AEFEES 71E B4 AF T, 8
A 2AL golala Ay o g F848 Bl ¢
=9 39 YA BA AR =g At Ik

s PN

AE] 5H BAEAY F84 HE H3td A
48 242 A8E T Y AT df@R e HAHEE
AP 19929 108 T2 IR = wj@2] 2] mige]
#28 F £ HIE uHe] dAHI e HE
WP E AN ES AQHEANSFH o2 AL 83 Y
Aolth, FE@elA ZAHE HE PR A2 A
B35 o] AL sl dFAEs) g HVE
o] W o] BL £ed A2 E A= HEAGH
aF, 89A9, AEZA G AFY HEE dTFHF2E
ARsIaT AFEAY AEE YB3 A Bt A,
g7, £QAAG L JFFAT Y FatA A FAHL
(T)AAFAANAN HEABE 47 AF AT

AQFAe AV|e AT FAA X3t glen
P AN BES] HALFA AAAAgH o]F
AU S Qe s P EFYoIt FTAAEE
Mg, Aol SA4LEe] T AL HoZ A
Aend yx 9dr nyEsEe] Jehdd. 3L
wH AZFE AXen en ¥4 200~300 M/TE A%
3ol Y3t m=elzgo 2 HAujdtn ik

g BAe AVe AET 43Ad Xt J
FAe Y EX%5] HAGFE Y, BEske ¢

T,

¢

fo ro

|

o] F52L E 9F IFUARLE wol FAHE 1
E Fioz A Alge A wsls} ngES 2
& AT £F FTF AEAGelx FEAAL 2
EAHYo] WAL ol FAE A Fgo] EAFL 3
on ozte] BHAES FFeln o' S W1 Sl
AEgoltt, o] Fa A 4 250 M/TE =AASE §
& ABatd Wg 2=el2go = Fefstn vk (R
ARAEZFAL, 1988).

AFEFAL A7 % AFE TR ARt gl
Pare Aol Faso AAE THE B 7Y
A WA FRAL v IAPAR 327t Fob B8
T UEAAS o)1 vk FFAYFEL 49T HER
a8 n JERZo|H, Ex7] 48R AMgH] gton @
A FFFoltt (ThIFAZLETFAY, 1887).

e gde Arw g7 - x5t slew
ZAY 373l #AE Ao A4 WA 3 F3E
ulo} A E nHE Fgoldt tiy FF WA K44
< ux glom AML gEE aRESEH Sloh =4
7] 922 A2H] gov AT ATER AFFoIt
Zpa FEL Hold 1 ¥ HEFEo| UnAE A
A)star ek

AQFAL AVE AFE FAR Hxstn glon
BFe rpAEaiehlo] #gE FAge] FEHA ¥
AE 1HE Bgoz M Ux g3 4E v BEeEol
TE 2o w3 wm 93 vlpd o ¥n W
A7t v}, @4 HBERen 4F BEETAME B
o7 G o]gFolth (N FAZEFAL 1981).

T ol

AlZiE 2 Az

AHAE 671 A BE (REPHA HEATE AR KP-
NCL, KP-1: 154}, KP-2: thdakat, SH: ()R
A, YI: e84, YJ: o] 55412 Daaiel (1993)°] AA1&
AAHERSY B 7|8 248 Goliy] 3] ¢
% B47} Atterberg A ES A3 FEIHEES
d&3m FIAQ EFE AAEHeH AEsE Yt
93 71zAREA pH, AAAE, f71d4] % I
£ w3 £3% 236y FEY A0S Bl AdEY
& Frlsdth 671 Alg & YI AR $24%E S vlast
7] 913 w3 A 8E Agsigen dAe] §-84 9
7b= 570 AR el el AFT Aae e
A 88 A2A7 T YEFNT 55 S AN
—10 mesh& A3l pH, &g (LOL), delend
g3 3184 A4, B9AAE (compection test)S A3t
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%3, —40 mesh® A fFrgts FF3H, At-
terberg TARN DS AABIH 2™, 200 meshZ | F3}
o X-d FH ML AAEid

712 24

MirageAte] SD-1200.2 233t 67) HEAIRY H|$L
Table 17} 2t} YJA 7} 7P =& 2.349] oz 23
931 KPNCLo| 2.038A 7H3 we ke Bol&d] A
4 5 (1993)¢] AAE 2.64~2.689) FIE= o)zt YA
o}, pHE Rump®} Krist (1988)7} Aletgt ¥l )3l
F4slgl o Agd FRe pHe 5353tk KP-l,
KP-2, SH pH 5 A%9] 4k, KPNCL, YI, YJ& 7 o144
9 A4 2z 5L B9e=2) KPNCL, Y],
Y7t 8% 59 2E4E2] Fa fYF AEde ¢
4 Utk

HEARFY R7|EZ o] INErE EGY F
B4 daEol f713EY] dE F3%Ho] AR
2 (Khan et dl., 1979; Thornton., 1983) &322 9] ¥
7t} A& flEiAE F71ER S g Aot A
E ol Ad7tEre f7189) %S AFHo e

E Ae oA vl A Joeng FNEA T
9] A AF7F E 4 Utk Ball (1964)°] ALzt
Holl 9t RS S A7) SHe} KPNCLL &
7} 2.39 (%), 1.79 (%)9] r843%4E EAS YR 470
AlEE 1% AFY g B3em 6/l A8 2% 478
A ko] BA] ZUth (Table 1).

HEANE B9 #71d4a E3e Walkley-Black me-
thod (Carter., 1993)] ©]3te] Z33l%ich. S5 2A 2
7l vl 371K 2 SHeF KPNCLe] Atiao g =2 0.24
(%), 0.32 (%)8] A71eAie] g3 e} (Table
1. YL YI= 0.1 (%)7} 9R] Rl v]54 7188 E<]
EuiAl4- (partition coefficient)E A8 sHe ZH4 (Sch-

Table 1. The physical and chemical properties of soil sam-
ples

KPNCL KP-1 KP2 SH YI YJ

S.G. 203 225 224 212 206 234
pH 706 549 479 481 7.78 7.20
LO.I (%) 179 121 129 239 123 0.70

0.C. content (%) 032 021 017 024 0.04 0.02
C.E.C. (meq/100 g) 23.7 215 242 29.0 47.8 250

KPNCL; clay liner at the Kimpo landfill site, KP-1; Jinweon
mine, KP-2; Daeseong mine, SH; Gyeongin mine, YI; Daede-
og mine, YJ; Yeoju mine.

warzenbach, Westall, 1981; Karickhoff, 1984)& |43}
v BAgsArt (McCarty o al., 1981). =3 Ball
(1964)°] A¢tet frled daw) aztavte] 4 4<)
Coy (9)=0458XL.OL (%) -04% F7]8] 5% E
Fe g 7123 Aelglonz B AFdA = A
23 A= Yest

XM S|HEMI} 20|2uEZE

MAC Science Inc.9] MXP 18A RINT-2500 model&
AHgsle 67 HE Azl XA FEE4 43 E Fig. 190
NS 7 ASEE E89lE FERE, KP-1& 49,
Hew siogolE, ALR KP-2& M9, Wew o
A, Fle el E, AL%, SHE A9, 34, 7lede]
E, UM, AR, ErdaujolE, KPNCLE A, &
A, BUN, ALE, YIe Ad, ERER0|E, 7hedv
olE, Y MY, B4, ALE, dTolE, sleejolE
Solth YI® SHollM = F35d0] £& 211 IE 3E
Ql ERERU|ETL YJolNE dElolErl AHAE
4 o1& FES] Jol2neeF AP ATe & dX )

ool 2w s8] 232 Hesse (1971)7} A2k ¥
&AM S AT XA - ENAM 2:1 HE F
Eol wAd A8 YI® SH7F 242t 47.8 (meq/100 g),
29.0 (meq/100 ) 2.2 AAH 02 & gS Yelligin
U z] 47] AIRE 20 (meq/100 g) ©]789] o] 2w eh&
28 Jehlet (Table 1). SHY A% #718429) 33
o] 67 AIRZ 71 Eol FolLudhgFo| Jidoz
=2 ZoZ SaE, Y9 92 pHF $401xn 2:1
HEFZ} Aoz ge AoA 7|de)

XFas, 2aN 28

HE rge AdEs 9 £FE Hctd KS F
23039 & wet A FAAF (Liquid limit test) <,
KS F23049] W< wiel 2A9AAE (Plastic limit
test)= Z}7} AAjete] 24X 4 (Plasticity Index)E T+
STk AlE 23 SHYY 7MY 22 244 (%)9] #6& vE}
Wiz YIE A3 AIREL Daniel (1993)c] A3
7~10 (%)E 93 YA (Table 2). Y] 2% 5.7 (%)
24 Ay BAzR AL 9EslR] Fslged
KPNCLS] 7 $-oll= Ad4 5 (1993)0] AA1& A4 34|
(33.4~41.5%), 24X 4 (11.2~19.0%) 2 L=]8kgTh.

PEENL 10% H0,9 0.1IN HCS A2 ¥ §7)
B3 gdgE AAS £ F2AA (wet sieving)el 23}
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Fig. 1. X-ray powder diffraction patterns of soil samples: (a) KPNCL (clay liner at the Kimpo landfill site), (b) KP-1
(Jinweon mine), (c) KP-2 (Daeseong mine), (d) SH (Gyeongin mine), (¢) YI (Daedeog mine), (f) YJ (Yeoju mine) (qtz; quartz,
feld; feldspar, mv; muscovite, kao; kaolinite, chl; chlorite, pip; pyrophyllite, ser; sericite, ill; illite, mont; nontmorillonite).
o] Z¥d (625 pm °’H) AHPA (625 pm °|sh=. AAZ) & vl AFadts] (stirrer)E o]&3ske] of
este 284L 71x ¥ 1%7) (Rotap sieve shaker, F4E E F UEE BAA F 1.5 g2 st G444
2 1583 s 48 FAE 7ot AddE A (0.1% Calgon £ 20 mDE W1 &9 2572 7Y
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Fig. 1. Continued.

A B4R & AEYEEA719] MicromeriticsAHe)
Sedigraph 5000D=Z £A8tgct. £447} SH (64.75%)
9} KPNCL (93.16%)°] silt¢} clay 2719 4A7t 2& &
& AR B Il YIE A% 570418 2% Daniel
(1993)°] AAIZF 2,8 71 silte} clay 20~30 (%) ©]
‘8, gravel 30 (%) °lst8 T=3sta YAt (Table 2, Fig,
2). T3 #5AG (C,, uniformity coefficient: Dey/Dio) S
Tate] B A3 YIE AQF 50 A8t Cot 10 o)A
He HYozd YRE¥ F£ Aoz Jehgd
(Table 2). YI] Y=E8¥7t F4 T8 o= F25<]
e 93 vlauAd A 52N FEL 2l e A
Fo]7] wj o]t} SHe} KPNCLE YA=717F Auid e
Zp7) B 34 59 LYEFY 350 2L Ao
2 o dErh

AE=EA ZFAE o]L£3] Hazen (1911)7} Harle-
man 5 (1963)°] A The Wi E] 9] alAx

Table 2. The results of size analysis and Atterberg limit
test.

KPNCL KP-1 KP-2 SH YI YJ

Sand (%) 6.84 6453 66.55 3524 85.06 46.63
Silt (%) 7313 17.64 19.63 43.02 1039 42.23
Clay (%) 2003 1783 1382 21.73 455 11.14
U. Deo/Dig) 461 4429 966 179 52 269
LL. (%) 389 275 253 494 409 341
P.L. (%) 24.4 154 140 250 183 284
PL (%) 14.5 121 113 244 226 57

= S35t
K, =CD,y 1)

Ky hydraulic conductivity estimated by Hazen me-
thod (cm/sec)

C : constant (very fine sand, poorly sorted: 40~80)

Dy effective grain size (cm)

k=(6.54x10-%) (D, (2)

k: permeability estimated by Harleman et al. (cm®

D¢ effective grain size (cm)

Hazen methoddll 9J% Feldxxe] o3& 2ol
SARE BEdoll A FE3H (Fetter, 1994), Y =842
KPNCLE A3t 571 A8z} Bejde] $Asle eldA]
o e o= AehE™, Hazenol AAIR #gol 2J3ls
AXE FelAxEE= Harleman 5ol AA 8 ubddl] olah
AL gkt dxg@ct KPNCL, Y] 73-% Daniel (1993)
9 71EE W& U YA v ABRT 71Ed A
o] 238} 3len Czurda (1993)7} AA FEAER
9] 71Ee BR5F W&t KPNCLY] B$ Ads: 5
(1993)el <j3] ARHE 2k 107° (cm/sec)3e Fzhe] Apo]
7b et shadgE Il AR 3% (107~107 cm/
sec)d= GASHA T

A= EN3 Atterberg 34 Al AFE Shepard
(1954)9) Wbl mE AATH 2F (Fig. 3)¢ USC
(Unified Soil Classification)®} AASHTOS] 74
e T £FE A8 (Table 3). Shepard®]
el o8 A dEE £F 23 KPNCLE clayey silt
#o8 KP-12 clayey sand, KP-29} YJ¥& silty sand,
SHE sand-silt-clay, Y& sand §28 FEHACh
USCell ojsf 73 A=, F35de HE 9t via
g AlEQ YIE A9t SC, CLE #79 KPNCL,
KP-1, KP-2, SHE v 54| T1 W3Ho] A ¢
of Apd EARC] K84l Jouk, Yo B¢ ML,
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Fig. 2. Grain size distribution curves of soil samples: (a) KPNCL (clay liner at the Kimpo landfill sit), (b) KP-1 (Jinweon
mine), (c) KP-2 (Daeseong mine), (d) SH (Gyeongin mine), (¢) YI (Daedeog mine), (f) YJ (Yeoju mine).
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Fig. 3. Textural classification triangle of soil samples (After
Shepard, 1954): (a) KPNCL (clay liner at the Kimpo landfil
site), (b) KP-1 (Jinweon mine), (c) KP-2 (Daescong mine), ()
SH (Gyeongin mine), (¢) YI (Daedeog mine), (f) YJ (Yeojs
mine) (sand: >0.063 mm, silt: 0.002~0.063 mm, clay: <0.002
mm).
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Table 3. Engineering classifications and hydraulic conducti-
vity calculated by size analysis.

KPNCL KP-1 KP2 SH YI YJ
UCs CL SC SsSC CL SC ML
AASHTO A6 A2-6 A26 AT-6 A-27 A4
K (cm/s)* 1.4~2.8 2.0~39 1.4-2.9 16~3.2 1.4~2.8 3.9~7.9
X107° X107 X107¢ X10™* X107°® X107°
K (cm/s)** 228 320 236 262 229 645
X107° X1077 X107% X107° X10°° Xx10°%

* Estimated value based on the work of Hazen (1911),
** Estimated value based on the work of Harleman et al. (1963).

(column test)$}
Ad }rE 73t
Aol v|sfed A

AA AL 382 AEe FA A
gl A} AAA T %«1 ¢
7] 93 AMSEE Ay Ade,
H Azto] 3 AAAN ARE T sle el
o1, A4 AFuix| 2] F2EE ZA BolRle 23
o] gltt (Freeze, Cherry, 1979). 4|9} AAvA &
A58 S TARRE Al AHeEE £9S ] 2A
uhgo]o}l x| £ Aol Aol e 4 JEARES
A9EHY FhE HrhE e £HE 9ol FRE
2 A1g819.em Cd, Cu, Pb, Zn 53 47 24 948
9] &3 g8 TEolA] ASTM D4319-83 (ASTM,
199Dl uhel A3S HAAstAT) 482 —10 mesh Al
2 1g% Cd, Cy, Pb, Zno] £F £9 10 mo ER3A
25+1°CoAA 48A17F Bt AEndI| 2 FPAH FES
PP = o dAEYrE L9 EeAA

g
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]
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Table 4. Parameters from Freundlich adsorption isotherms
of Cd, Cu, Pb and Zn.

a)atpH 7.5

Coefficient KPNCL. KP-1 KP-2 SH YI Y]

Cd  logK: 102 016 -052 032 094 0.68

N 052 057 069 062 061 048
Cu  logK: 255 067 010 095 247 091

N 037 039 050 052 053 045
Pb  logK: 265 038 -016 120 084 045

N 122 060 1.03 209 192 074
Zn  logK: 156 020 -058 032 140 081

N 039 062 080 070 043 055
b) at pH 5.5

Coefficient KPNCL KP-1 KP-2 SH YI Y]

Cd  logke 0.88 -0.02 -0.79 036 0.80 0.63

N 0.49 064 080 059 055 051
Cu  logKs 240 060 095 099 217 087
N 0.36 053 068 049 050 048
Pb logK¢ 2.56 152 212 0.60 029 -0.01
N 0.60 096 0.61 065 082 0.80
Zn logK: 145 -003 -1.04 -0.06 117 0.70
N 0.44 067 088 072 051 056
5 40 s 10
2 S KP-1
£ KPNCL £
is s
Eg 20 8 5
t logk=255  § log K= 0.67
g o -
0 5 10 0 20 40
Equilibrium concentration Equilibrium concentration
(mg/) (mgh)
§ 10 _ 5 2
% KP-2 H SH
8 Eg 5 / 5 ;E 10
E log K= 0.10 g- log K= 0.95
< o 2 o0
0 20 40 0 15 30
Equilibrium concentration Equilibrium concentration
(mg/) {mgh)
5 40 vy § 10 7yy .
) )
g2 g9 5
g J:
§ log K= 2.47 § log K= 0.91
2 o 2 o
0 5 10 0 - 15 30

Equilibrium concentration Equilibrium concentration
(mgh) (mgh}

(a)CuatpH7.5

AASE AT Bl Ad AMed 5 89L&
71$EE 1, 2, 5, 20, 50, 100, 200 mg/I2 3l o™ HCI
NAOHE o]-&3led pHE 5.5+0.18} 7.5+0.12 2A5
pHoll & F2H53 9] WHalE w3 #AsAth A5 &
deof W T o 1AZto] HHPdE | o|Bte ¢ F
T2 A3l (Newman ef dl., 1992) B338] A|H&
= Y] AFe AAEA ggken wiAgde IR
(blank)$t FEAE (duplicate)& AM&-31c). H4e] &
282 2d (adsorption isotherm mode)-Z& A3 37 9
8l ¥, Freundlich, Langmuir $-25F24]& B w3l
o 714 £& WHAG (determination coefficient) & 1+
B Freundlich 52§32 22 6/1 A89 §% 54¥=
#7stAct (Table 4, Fig. 4).

7+ Ao o A8d F32 582 pH 559 pH
7594 Cd, Cu, Pb, Zn ] 94 25 KPNCLe| 7H &
2 Katg 2oz Fasde] 718 Hold: ¢ 4
AR, PhE A3 F2A5Y Hlatd A8 YD
2 9 FA%ES 7R UdTh 4 ddvin} ot
9 Aol 9o} KPNCL>YI>Y]>SH>KP-1>KP-29]
To2 FaA5Y S zha Ut dubz e g gixtel 2]

5 g ¥
£ £
g 8o
° L
8 £
g g log K= 0.60
< 2 o0
0 50 100 0 S0 100 150
Equilibrium concentration Equilibrium concentration
(mg/) (mg/)
= 30 =
£ & ¥ sH A
£ g
H € .
13) a Qo
§p 15 8§71 .
b B
% log K= 0.95 % fog K= 0.99
2 0 T 0

0 50 100 150
Equilibrium concentration

0 50 100 150
Equilibrium concentration

(mg/) (mgh)
i~
g ¥V g
g . £
] 3
29 2
82 40 8
o — °
(7] a
£ L
§ log K= 2.17 §
2 o0 2
[ 50 100 0 50 100 150
Equilibrium concentration Equilibrium concentration
(mgh) (mgA)
(b)yCuatpH5.5

Fig. 4. Freundlich adsorption isotherms of Cu: (a) KPNCL (clay liner at the Kimpo landfill site), (b) KP-1 (Jinweon mine), (c)
KP-2 (Daescong mine), (d) SH (Gyeongin mine), (¢) YI (Daedeog mine), (f) YJ (Yeoju mine).
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Table 5. Overall evaluation of soil samples for liner material.

Criteria KPNCL KP-1 KP-2 SH Y1 Y]

Material suitability (1) Plasticity index >7~10 O O O O O X
Percentage finer >20~30 O O O O X O

Percentage gravel <30 O O O O O O

Maximum particle size (mm) 25~50 O O O O O O

Acceptability in earthworks ~ Hydraulic conductivity (cm/sec) <1077 (1) O X X X X O
<107° (2) @) O X X X @)

Attenuation capacity Cation exchange capacity >10 (meq/100 g) (3) O O O O O O

(1) Daniel (1993), (2) Czurda (1993), (3) Rowe et al. (1995), (0; fit to criteria, X ; unfit to criteria.

S48 25580 2, KPNCLe] 71 & &
= AL -10 mesh?] AN EF HES HE
9] ool B AoA 7]A%} (Horowitz, 1991). YIE:
Fol @] 7MY ke B7dty FaeE ol
7 BA %2 AL FES FHsld WE A8]7] bl
2o 9] A7)7F Am n2X] £Yr) WFolrt. =3
Y], SH7} KP-1, KP-29l H|3}e] vt Fol 2m @83
£ S E E7etn FAsEo] FL AL dElE
59 F35Yo| £2 HJEFE fEolt).
7+ Ao He 94 2 582 pH 559 75 B5-
oA KPNCL, KP-1, KP-2, SH¥ Pb>Cu>Zn>Cde] ¢
oz FFEI} Jdeygen YI, Yelde Cu>Zn=Cdel
&3 73k Vet Y1, Yol A Pbel A4 b v §
FAHEZ Holt e EF S99 pH 23 Fol TAE
APl o2 dEc), ol 3 AL ke
o] 2olgl FR|2e o]2nbgo] Z4=5 (Pb (0.12 nm)>
Cd (0.097 nm)>Zn (0.074 nm)>Cu (0.072 nm)) A Z
Aete] F2 A o] A Fao] ¢ T doipy] wiol
o, Cug] A% F71E2 o7 F3& S| vidaF 7t
2 $A1E7] HEd Znt Phell Bk FAH T} EE-
Ao AZHHAT) Yong 5 (1992)2 LefolEv) ERHE
Uo|E9} & HEFE diste pHell W Cd, Cu, Pt,
Znel FAHEE A¥skd pHr) 3 o4d 3% Po>Cu
In>Cd £ F39ES yged B 48 Ao & 93
o}, T A ZEZ pHY| Akl td F2%5H S AvE
A Cd, Cu, Pb, Zn 25 pH7} 55004 7.52 F7lshaA|
K&kel $71ehs 43S Boled ol& pH7t 713l )
2 HELE ¥ A3} (negative charge)”} F7117|
o golc}.

N
N
N

72 "ot CHE AlE

Murray 5 (1996)2 =8 £459 AP4 (mate-

rial suitability)®} #gxe] AHHA (acceptability in
earthworks) 22 ol A xed E39] 7)5S vhadsl
Ked e A2 AYS 95 NRAY 7E
(Clark and Davies, 1996)%, 7ol M9] A=iAdL o2
&, AR Bo2 ATt o] ATdiMe AH
2229 A2 Daniel (1993)9] 7152, @Al
A3 L Daniel (1993)3 Czurda (1993)2 N1&& AH
3lo] §-848 W71at]. 28 Rowe (1995) Fol AAIE 7]
Fo2 XA5EE BrI8tAth (Table 5). KPNCL, KP-1,
KP-2, SHE 28 2429 A3417 Rowe (1995) &
o] AA1F A A2 7|Fg PE3 T Yk EI} Y=
Ao 23l d&d FElAETR @R AYS
43 B8 KPNCL2 Daniel (1993)° AAI3 1077 (cm/s)
ol8te] 22, KP-12 Czurda (1993)7} AA1% 107° (cm/
s) o)3he] g& TS glo] B AL sFsdel AT
uke KP-2, SHe| Z-9olE Czurda (1993)7F AIA & 107°
(cm/s)9] FET} oF 28] o]} &2 H& Ueho] A4
o2 #7F A4 7hsde] ¥ Aoz Belth aejv @3
M FAEEE HHe Feulet o Az ojet
gl ez &% A=Y skl BA B3
Al 29 Aoz dgdr). Yio} Y] 4uEoz A
AL Fou Aoy BAR] AP S UESR £t
o 8L YE Ao Hel

Aed B2 20| Aol girkar AHHE KPNCL,
KP-1, SH¢} KP-2¢ DA E & A48t # 29 g4
B 7k GRAAEE AEAfH do] ¥R ¥ A
Z KS F23129] £F A E S AAI8kA] ¥, ASTM
STP 479¢] whel Harvard compaction testE A&+
t}. Harvard compaction teste 178N€] spring-load
tamper$} 62.4 cm®e) mould® AHE-3le] A|59} o] B
A @& W AHgEE At (Head, 1980). AlE
A3} #4¢9 KPNCL, KP-1, KP-2, SHe| &<rule 2zt
17%, 13%, 16%, 13%S3t}.
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Y 4 Yol 2wdaF A 55 EAd)A Ay 2E=R
o] A¥A7 gl ANedS ek A7 KPNCL,
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