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A15197 4.1 ﬂﬂ!aﬂ‘]&lﬂw‘UNﬂi%ﬂWiﬂlﬂ\‘ll‘UuIﬂl’lUW AUYNIINDUIET HAZAUKHEINZ YD

aNYE wulnlud AugnTanevad Aumitgumzae
Soils Properties
Liquid Limit (LL) (%) 487.00 43.00 42.40
Plasticity Index (PI) (%) 450.00 21.80 23.20
P200 (%) 65.00 56.00 77.00
Color Wn't‘)l'ﬂu ﬁlmm!,mmm& L“I/l%“illll
Maximum Dry Density (g/cc) 1.95% 1.70 1.70
Optimum Water Content (%) 10.50* 18.00 17.11
Uszinnveaduluszuy Unified CH CL CL
pH 8.58 5.52 7.27
Organic content (Yow/w) 1.65 4.92 5.50
SO42- (mg/kg) 3,807.11 822.82 9,604.26
CI (mg/kg) 280.12 100.75 10,545.10
Exchangeable Cations in Soils
Na' (meq/100g) 22.64 0.87 16.54
K (meq/100g) 1.53 0.26 2.30
Ca” (meg/100g) 24.45 3.49 6.49
Mg’ (meq/100g) 2.52 1.00 10.70
Mineralogical Composition
Sio, (%) 63.97 4537 50.84
ALO, (%) 15.66 28.69 15.54
Fe,0, (%) 7.74 17.32 11.87
K0 (%) 0.75 6.46 5.50
SO, (%) 0.75 0.18 5.04
CaO (%) 2.62 0.36 1.42

wanewia * n3renauunInludn 5%
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amilsznoui 4.13 Tolwmeuudainsgadaiiuul Langmuir vosdumilennzve

4.4.1 Tolwmonveamsgafai
Y
loTamounisgadand Tanzwiinvesdune 3 ¥ia udAIAIIY

] ] 4 1 [ % 1 4 a a
duiusszgnineal q nu Amanududuvesaisazale onisgaaarIaugaad
() 1o Tomauausafle 14 Taeaun1511D Freundlich Isotherm (13N 2.16) , Al
MIUVVEUATI (Linear) (@UN5N 2.17) 1AL auATUDY Langmuir (@NN157 2.18) HAYBINS
a Y] { Y] g a
Wanan1snaaoanUauMSHUY Freundlich 1auaadl3lua1snan 43 Tagainvdnmamn au

) Y 1 Y [ 1 S o
wgaaana laana 01A1 K, uaz 1/m gandn wud wuInluadinnuainisoga lanzwiin

a a a 1 A a o 4 o w
nnriauIaan 1aanawniiennizesnazaugnisnenad audiauy

mMsflaloTwmeuduaunisved Langmuir lauaadl3luaisiei 4.5

1 4=t [ o a a A Yy 1
wudr wuInluaianuawisolunisgadu Tanzwiinnnaianiaaii 1aan 11
a a @ 4 o W a a
Auniiennizeouazaugnisnensd aud1au  TaglolgmounisgaaanlIvos

4 a =~ ) Y o . 9}44‘

wuInludnazdumilonnzeosuisolad 1 uaun1suUy Langmuir  ldaNga

1 4 1w o (%
Taga1 R> vouuuInlud m1d 0.933, 0.955, 0.804, 0.999, 1ag 0.995 1151 Cd, Pb, Zn, Cr

uaz Ni 918190 @IuA1 RS vedauMiednIzee 10y 0.970, 0.997, 0.974,
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0.998 1Az 0.960 d11351U Cd, Pb, Zn, Cr uaz Ni a1ud19u Tuvazinle Tameunis

a A a @ J a @ {
ARARIvUBIAUgNIIAONId @1uTadad 1Ay dUNISUUY Freundlich 1d@Nqe

=a0)

IS

aslinl R® iy 0.985, 0.967, 0.996, 0.979 t1ay 0.998 @13V Cd, Pb, Zn, Cr uag Ni

o—N

AINRIA

3 E4 1
Tagn 1 luiszyadesvziinnududuveslanzwiind liganin
Y] & A 9 9 @ :; csy :'4 ) o s @
Wn Feinududuveslanemingrq o e ldilale Tgmmen szliaianudu

{ [ I ' 9’l ] v
(Slope) NUdnvaziduiduasanie Linear laui3ena1 Slope 131 A1 K, Tagd1 K,

]
=1

uaz Sorption Capacity ¥4 1dd1uImu19 1A g, (q,, 7D WIalanzminiignga

G U

a 1 a d' 3 Y Y d' 1
ﬂW?ﬁIQﬁﬂ@]@N?ﬂﬂJ@ﬂﬂu‘ﬂﬂﬂE‘T”IiLlLl“"]) llmmmllﬂumﬁw 4.4 NUN wuln

a ~ a

]
Tuafinauawisalunisgaduaniiauimieunizeonazaugnisnend aly

8191 Taod1 K, youuuInlud TaA10g524319 200 — 2,700 L/kg Augnse

U

a ~

ABMIF HA1BYTENINT 70 — 600 L/kg drudaumiionnizes Ia1945¥n319 200 —
2,800 L/kg
= = 4 v a Qall a
manfeunguanumuisalunsgadu lavemiinvesauiia 3 yila

#91501910 Sorption Capacity (A1 ¢, ) uieawyiavesn1sgady lduaaqlily

{ 1 4 o QsJ‘ a Y] 1
A15190 4.6 Tagwud1 wulnluaainisogalangwinne 5 sia ou'ldun cd, Pb,
Aa { A 1 A a o 4 o W
Zn, Cr uaz Ni wiaanaa 1danadumilennizeonazaugniinenad aud1ay
1 2 v
Tagianrsaidiaunisgady Taveniinvesdaune 3 ¥ia  ndun1silany
a 3 a ﬂidd' [ ~ ~ 1 4
au e 3 vilaldange aenmilsznoud 4.11 — 4.13 (15190 4.6) wu wuInludaiuise
a {a 1 o w o v A [ 4
QA Cr wi@aanda 14ana1 Pb, Cd, Zn uag Ni W89y dmsuAUgnsTInonad
a1m1509a Cr w1aafina 1AAn31 Pb, Ni, Zn, Zn 1ag Cd AINA1AD uazAuIniien

IN12eD @101509A Cr 11AANAY 18an31 Pb, Cd, Ni 48z Zn a1ud1A1
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Freundlich Isotherm

wulnlud AugnSneviad Aumitiumzee
TanzHiin

K, (L/kg) 1/n R’ K, (L/kg) 1/n R® | K,(L/KKg) | 1n R’
cd 2230158 | 0456 | 0692 | 147707 | 0.621 | 0985 | 510270 | 0.501 | 0.992
Pb 890369 | 0.680 | 0.773 | 1238511 | 0244 | 0967 | 5891.149 | 0448 | 0.948
Zn 471931 | 0739 | 0790 | 141938 | 0545 | 0996 | 840.040 | 0438 | 0.989
Cr 4366164 | 0246 | 0.821 | 1,033.951 | 0.090 | 0.979 | 1,887.122 | 0.245 | 0.760
Ni 3451437 | 0233 | 0981 | 199986 | 0333 | 0998 | 314087 | 0593 | 0.991

A15199 4.4 K, 1ta¢ Sorption Capacity NAAUMILVVFUAT (Linear)

wulnlud AugnSnenad Aumdleumzee
Sorption Sorption Sorption
TanzHiin
K, (L/kg) Capacity K, (L/kg) Capacity K, (L/kg) Capacity
(meq/100g) (meq/100g)) (meq/100g)

Cd 82.848 55.473 59.279 1.251 65.553 6.439

Pb 64.596 81.591 19.264 4.200 801.962 21.055

Zn 69.320 53.308 49.517 1.524 288.133 5.572

Cr 170.039 88.841 43.134 8.188 58.408 30.190

Ni 55.592 35.772 19.154 2211 81.341 5.847
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a A

U

Sorption Capacity 3NHUNITHUY Langmuir
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NUBINIAAU (X ) 1y

Langmuir Isotherm

wulnlud AugnFneviad Aumzee
Taviz Sorption Sorption Sorption
YT X, 2 X 2 X 2
Hun Capacity R Capacity R Capacity R
(mg/g) (mg/g) (mg/g)
(meq/100g) (meq/100g) (meq/100g)
Cd 39.370 70.041 0.933 1.035 1.842 0.978 5.274 9.383 0.970
Pb 106.383 102.657 0.955 4.305 4.154 0.999 | 25.126 24.246 0.997
Zn 23.148 70.800 0.804 0.797 2.437 0.942 2.195 6.715 0.974
Cr 15.848 91.097 0.999 1.661 9.549 0.996 5.333 30.657 0.998
Ni 11.834 40.205 0.995 0.748 2.540 0.986 2.050 6.966 0.960

A ~ a a Y Jd a [ Jd
f1319N 4.6 mmﬁsmmaummmmm“lumi@ﬂmmiamwuﬂmmmﬂﬂuﬁ, AUYNIINDHIE

HAZAMN T UNZED

PUA VDINI1TQA
f U

[y

AAVYINMIGATY

ANNEINInluMIgaty Cd

J a a a @ J
mui‘n"lu@] > AUMUIUNIZYD > AUYNIINDHIT

ANNENUITD IUNIAATY Pb

J a = a o g
L“LIL!I‘VIM],‘HG] > AUMUIUNZYD > AUINIINDHIT

ANNENIITDIUMIAATY Zn

J a = a o g
L“LIL!I‘VIM],‘HG] > AUMUIUNZYD > AUINIINDHIT

ANNENIID TUMIAATY Cr

J a = a o g
L“LIL!I‘VIM],‘HG] > AUMUIUNZYD > AUINIINDHIT

ANNENIITD IUMIAATY Ni

J a = a o g
L“LIL!I‘VIM],‘HG] > AUMUIUNZYD > AUINIINDHIT

migaduveuuuInlud Cr>Pb>Cd > Zn> Ni
MIgAFUVBIAUYNT RO Cr>Pb>Ni>Zn>Cd
MIPATUVBIAUIM HE UM YD Cr>Pb>Cd>Ni>Zn
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4.5 HAMSMAMINNAABIMTAADUN
d 4 ! o ¢
4.5.1 HaMIMAINNANeININToUTIVEIAUGNTINGHIFDIN Breakthrough Curves
1 a 4 A A 2 o Y
MSNATOUNIATNIIINABSI N51AABUNIN Breakthrough Curves ¥9%1 14 lag
o 1 Y 9 o =\ o a o ~
ihamanududuvesansazats larneniinves Effluent hoununar lufaduaumsn 2.11
1 a Y o v A o g c?/‘ @
HANINATOU WU MINAaed IaedsHansoi lanuaugniinensdmniu minadouny
4 a =\ 1 0o < c?/‘ dy A 1
nsrenauuuInludauazauiionnizes ludsecaunadusa weiliiiosainluny
Breakthrough Curves vod@1sazatelanzwiinnnsia wasninnarlunsnaaosriiu il
Uszanas 380 Tu n13N lUNY Breakthrough Curves ¥edlangHiinlumsnaassnunionay
4 a =1 dy A a QsJ‘ a dyd 1 Ao o Y I v 9
wuInluduarduwmiisumzeeil ileeanaune 2 ¥Hiall a1 K fd1 @aaasliviuluiive
1 ) ] 3 J
ae'ld) /i 13 lianunsaidiu Breakthrough Curves aasana1lunmsnaass  mMsnadouAl
o o 4 d ¢ A o |d .
W31l es nswmasunveansenanuu In luduazawntionnmzes  Jutasuliilaoms
. . a ag [ 9 9 a Y as 1 Y
H1 Concentration Profile IuaUIagdinmsanamanudutuluauaiedisnisgesaiensa
fanaaaluinte 4.5.2
3 ' ] a
HANINAADY Column Test dmnsouaad lailu 2 dau fio 1) A1 K vesaugn
[ 4 o 1 a 4 4 A a
Ipenedifeuiunal tag 2) MISIMesMsAaeUNNIIAMINA Breakthrough Curves

@

= = [ dy
JUIgasognal

(v ¢ A
4.5.1.1 M K Y09A14gN3In0HId1ilonaaasnIg Mixed Solution
v o 1 1 @ a Y s A
ANUAUITUEIZHIN A1 K Auna1augninenadiienaaesinie Mixed
. Y Y A A v 9 a o Y
Solution lauaas 1A lunmilsznend 4.14 minaasusududremsnadeuaugninenadny
Y v v
wnau Idanuaugagaminy 0.5 ksc (i = 88.65) udrva)asunnlda1sazats Mixed Solution
9 QsJ‘ @ 1 1 A g A Y g’ v A
Tagldnarlunmsneasesianuallszana 191 34 wu M K Suduionaassdieriingu Jm
g 11939 4.30 - 5.0 x 10" cm/s HaIINN)ABUNINARDINVAI1TALA1Y Mixed Solution 113U
' ' A 4 <] Y 1
14 YpIMINARDY WU M1 K iinduanios aasanisnaaeslszana 191 Ju Teelia1 K

MAVNINY 7.581 x 10 cm/s FIE96101 1 x 107 cm/s IUILATNAADA
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1.00x10° |

Liners Requirement , K< 1 x 107 cm/s

1.00x107 |

Hydraulic Conductivity (cm/s)

Water Heavy Metals Solution
<> <—>

1.00x10°® | | |
0 40 80 120 160 200

Time (days)

mwilsznoui 4.14 anwdusiutuesat K funaiwesaugnsnenad

(1eNAADIU Mixed Solution

4.5.1.2 w1s1ﬁma§mim§'auﬁmmaugn%’eﬂemﬁ
Breakthrough Curves ﬂl@dau@,ﬂ%ﬂ@ﬁﬂﬁ)ﬁ Influent 1Ua1502018 Mixed
Solution #ilszneude Cd (C, = 0.001 M ¥3®0 112.42 mgl), Pb (C, = 0.001 M ¥30
207.26 mg/L), Zn (C, = 0.001 M %39 65.39 mg/L), Ni (C, = 0.001 M %30 58.87 mg/L) 118z CI

(C, = 28333 mgL) lauaas i lunmilszneudt 4.15 azminldn o Fuduasilszan
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Non — Reactive (R = 1) 9} Breakthrough ADY  MIUADY Zn, Cd, Ni 1tag Pb aua1aU
£ o o a dyd < . A =
Feensazare lanzgniinia 4 vilail JUszdunan (Reactive) 920A1 R > 1 39 Breakthrough
P0NUIMAN CI
a 4 A A a [ 4 =

WNdmesMIAaoui (D uag R) ¥oIAUYNTINDKIE 9NHIINNITHA
aumsf 2.11 nuramsnaasluglvesdasidiunnududuves Effluent aoanudnduisy
Au (c/C,) rivuiunal asaaslunmilsznoui 4.16 Taens Trial and Error A1 D taz R 11/
N ¢/C, M ldnnaunsh 2.11 deandpsiual C/C, :NWANITNAADY ANUADANADI
dananuaas13luglvesi MSE Amnsiliimesmsndoun D uay R Tauaad13luaisei
47

1 A Y ~ Yy o

A1 R a3 luas1ei 4.7 aeandesiy Breakthrough Curves Tunmw
Usgneu 4.15 nanfe CI' &9 Breakthrough ponuInou iAdoeliga (R = 1) dmsuais

v A = v IA A d?

aza101anziinil Breakthrough 99nu17Had NAAT R NI Zn (R = 6.55), Cd R
=7.00), Ni (R = 7.60) 118z Pb (R = 36.00) MUa19Y

1 @ 09}/ a S Y 2 (% [ -6

A1 D voddsazae lareniinna 4 viia Ua1lndmeaniulueas 2.00 x 10

- ) ] v A o 4 1 a a 4 [ <3
~ 6.00 x 10° em’/s  @MFUMINABINUAUGNTINONIT  dIUAUFHADUY A1 D N1
asulad )1 wu /1 D wesAumTisaIngann Ny 5.00 x 10° cm’/s (Amatya and
Takemura, 2002) , i1 D U84 Kirby Lake Till 111U 4.5 x 10” cm’/s (Kim et al. ,1997), A1 D V84
2

AuvteIaNu (Lufkin Clay) 19119U 1.7 x 10° - 4.7 x 10° cm’/s (Shackelford, 1990) 1tag A1 D

V04 Illite Clay IM10U 3.08 x 10" — 103 x 10" cm’/s (Tanchuling et al., 2003)
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{ 1 a [ s A
A1519% 4.7 Waa1 D, R ttag n 910 Breakthough (Ct/CO) suamugﬂsmammﬁamam?{w

Mixed Solution

Tarizviiin D (cmz/s) R n MSE

Cl 1.00x10° 1.00 0.34 0.113814
Zn 6.64x10° 6.55 0.34 0.003962
cd 501x10° 7.00 0.34 0.001423
Ni 2.16x 10" 7.60 0.34 0.000392
Pb 1.94x10° 36.00 0.34 0.001712

4.5.2 MINANDINIIAADUNDIN Concentration Profile
o ax dy [ Y 1 A 1 a
wamInageULUUaANA 11 ausoula 1@y 2 a1 fie 1) A1 K veaau
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[ H J 4 [ gl Q'J [ -
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% o 4 1 1 Y] a o 4 4
AMNANRUTI21I19A1 K AUIA1 Y¥09aUgN3Inonad 1onanoinigais
azane Cr 19U 0.001 M fUAITaza1y Mixed Solution lguaad 3 lunmmisznon 4.18 Tag
4 A 1 { a ] o 4 [ g’ o [ [ 1
Wolsudumsnaaes A1 K magvesaugninensd Wenaaesnuihinay aeglugag
2.00x 10° = 6.00 x10® cm/s tazvaIINAgUNINAARIAIBAITAZ A1 Cr 1uTU 0.001 M Tu
o A 1 a0 = I Y 1 A0 A dgl
UN 15 199n15NAad WU K Iawsulasuaniosnaoanisnaasd lagal K Iaunyyy
DH1ADILDIIUDITUN 116 YDINTNAADI LATHAININTUN 116 VBINTNAABY WU K U
A A -7 = o A @ o A
AaNUszIna 1 x 107 cm/s DA 1UAUA 220 Y9IMTNAADY TASHAINAIUN 220 YDINIT
C 4 a2 o 5 2
nAad WU K Uawlsnasudnnse megnilszuna 7.00 x 10° cm/s IUNILNIDVNIITNAGDI
sz 450 T dwmSumsnasunmeassdredisazats Mixed Solution V8IAUGNTY
4 { 1 1 -
Aovad (MNUTznoUN 4.18) WU UA1UILua! 5.00 x 10" cm/s AADATLIZIIAINITNAAD
15z 100 M
ANUFURUTIZHINA K AUNET Y09AUIMHINMZeD 11eNAa0IdIY
15aza1e Cr [9U9Y 0.001 M HUaITaza1y Mixed Solution lduaad A lumwilsenoun 4.19
A A Y 1 = a = A 9 oy ) A 1 [
TagilioiTuAuMINAGed A1 K magvesaumisumssoiionaasidigiinau Imegluyg
1.50 x 10 *-3.00 x 10 * cm/s tazndInnasuuImaaoInuaIsazals Cr [WuTU 0.001 M
HATA15aZa1® Mixed Solution 1UAUN 14 ¥9ININAADY WU K V0IAUHTeUMZED 11D
NAADIAIBA15AZA10 Cr 1dudu 0.001 M HA19gT1%29 6.00 x 10 - 8.00 x 10° cm/s AADANTS
NAA0ITTINA 450 Tu @1 K ¥9aaumiiennzeoiionaanidisaisazals Mixed Solution
v ' Y Y Y
uAnanegNszana 1 x 10™ cm/s AAOANIINATDY 400 U N9HA1 K ¥03AU4 3 siialunn

v 1 9
FANMINAABINAIAINT 1x 107 cm/s FITADG UV VIUALIATTIUVDIFUAUFY
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a) N3 eNauuInluan 5 %

TavigHain D (cmz/s) R n MSE
Pb 1.72x 10° 130.00 0.26 0.0031274
Ni 1.77x 10° 115.09 0.26 0.0022115
Zn 1.12x10° 11131 0.26 0.0015020
cd 1.40x 10° 89.93 0.26 0.0026762

b) AMHe UMY

TavigHain D (cmz/s) R n MSE
Cr 1.80x 107 81.00 0.38 0.0031936
Pb 3.50x 107 79.10 0.42 0.0004673
Ni 9.14x 10" 47.10 0.42 0.0002715
Zn 8.90x 10" 4336 0.42 0.0009201
cd 4.00x 10”7 37.00 0.42 0.0000578




