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A Study on the Hydraulic Conductivity of the Bentonite-Clay Mixtures and
Their Application to Waste Containment System Clay Liners
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SYNOPSIS : This study focuses on the hydraulic conductivity behaviour of the bentonite and
clay mixtures which have been used as waste containment system clay liners.

In the numerous laboratory experiments, the main factors affecting the hydraulic conductivity were
bentonite-clay content, compaction water content, and permeant liquids. Permeability tests were
performed on the bentonite~clay samples and the freshwater was used as the permeant liquid. Then,
the laboratory results were applied to the field work. The compacted clay density by the sand cone
method was used as a suitability for a field application. For permeability tests the laboratory
permeability and the standard consolidation tests of UD samples were performed.

Adsorption capacity tests for heavy metals were performed and applied to various adsorption
isotherm equations.
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2 e BEE IFUAME X4 did Qo] AXx, T A$dh= WAt AdHL e
AARolth, a2} Aol AT E HIEFL sojua, HIUIE AHEd Bo B2 A4 A" &
F 2 A7 @25 23 Aol Apdold), Fe] A9 wigFe] AA L B dojM FFHFE A
TS} 7]1€9) AL tALH on, HZ I FEr|FEo] Z3iHo] HEHE Aot 19
U o} 7R AAA AT L AT GANA wWPgF A2E F oMY F8 FEY FUA AP
o gt 2B HA Gol AAG AT WE EAFS L $3F SHA AW Ago] BX
e Aoy, B dAFdMe aAFAR AEE HEM gsid dydEE B3 7129+ E Fs
HAAL L FF FAE HAHFow, Aut-#AAFTHAY SHANA FFAY(hydraulic conductivity
test) @ & (adsorption)A)d & HA A AA] AN HEAH AR E FHHEd

2. OHRIX| zfs&e| AXIIE R XA R AP

AR AL A7t HAE(clay liner), EX ¥4 (geomembrane, GCL %), €& A (soil +
bentonite)s A|9tZ AT HE FHFA wel GFsA AL Aot AFAE o= AR o R o
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FoiAA @1 BYHOL oFoA FFAAYInE Tuje) HEay] FANE By AAY ATE
FHsor ¥ otk

EAGEA FRN FLAS A BAA ARES ARs AN AWAET 4R B2
4 B 4 doh AuAEAE 4RAY 2SS o8t W4T FHAAN BE 424 ¥ (rgid
wall), 4% ¥ (flexible wall)o] ol §51=d, ulold F& F5AS7 Wael F5A5RT 3~10,000
WU § Ae A9E BAS7E @chDaniel, DE 5). Heh AWAd) o F4A5s e

FAFE ML EHE B ATk & AFANE WAAN $uD AsE AA dAAA wET R4
AW S EE GUNEL ANl FEASE B2 INHAT LY bentonites) T Fo) FAUS
FoAR AEA Ranz oA BE BT AEAN FEAF D FEATE AA SR

HE, bentonite T AFAY Ag- FFEE F3d= ’“él° 7R3 Q0.2 2 bentonite®] #H7jo| w
2 F38% A¥e ANy ey, -rJJr‘F% CaCly 2H0(05M) & A&t FFAE S AA S T
3 9 HES A
3. Properties
3.1 8

2 AT AHEE ARE SARGA EFT FAYE ddd XY e SAPERZ ¥ 19 g
upse} 2ol £9 HEFL 267~ 27,,] H 9} o 9)\ _}1/\46}74] 50%°14 AR AFE 20% )4 ot

UETEAYY 2A=2 & 9 NEE JERE T kaoliniteE Bo] TR e IAHA HEH,
2 u ol3tY AlE7E 25~55%9 HHdd o] ASTMY EfHoA = AYHE, KSF 2301 EFAA= AE
as)9) AAE EEE FEA Folut

3.2 Bentonite

Ca-bentoniteE NaAl2 #4377 bentoniter® T2 HWHAT H2Ho] qlo] 287 W R, FAA
A% T W 2 AFE 73T ZdA AEHo gon I HYE AFAAL HF BHeAAdd
ol2717tA AA FuEz ok B dFte] A2 ¥ bentoniter BRI ZUOIEE 70%0)4 TEEHT Q)
on BEAo] ot

¥ 1. Properties of clay, bentonite

T i Clay 1 Clay 2 Clay 3 BentoniteT

v F Gs 2.67 2.67 2.70 1.70
A A w0y (%) 55.30 54.36 50.59 -
23X Ip(%) 28.45 26.61 21.84 -
#2004 T 4£(%) 7252 75.12 90.47 97.84

TdE5AS Cu 12.84 20.77 -

Z &84 Cc 0.1 1.37 -

Uscs &+ CH CH MH

BEE ml2g 20.5
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4. Laboratory test

< FE O 1 9 8484 9FE WA Hed, 2 F PY T8 AL oA dyR Y
a7 =

TR A7), AERE, FAGE JEFERY F3} FF Solvh AHoz g dUNS A BH=

100 _E:W—wf——m
90 - =2 i
80
X 70
o 60
k= 50
g 40 A Ha— Tlay
% 30 [‘: Vs H [
a 20 o 2 — o3 3
10 ton
0 &’/ 1 — 1
0.001 0.01 0.1 1 10

Particle diameter{mm)

298 1. YEEFE FH (Particle size distribution curve)

ALAATH rgue )& F7HE2 24 GRUOMOE FobA™, GEEI} B §YFS dAEA
Foh 49 GAAY ¥ RN TR oA AU GRS T A9, 227 2HY g HH @
fule) 922 BRE Hm A47 TAY B HH Gruel GRIAN FeAR] GoAT o
N A7t 249 A A4E L BERAAL BATz e AN g4vs S85 2~3%A
SR A%l §& Aol

Aol A -‘?-4—741—?% FE F Ut BYe A BEE 088 WET ERAYN 4ol oY @3
A BEAS AR, 4% GSAWA @ Pol Ak B ATNNE Aol oy BEo o
CE E*Alzaur sz FANYL NHD FFASE NLHAh £ bentonite B7E} 4w
Mahd B2 FEAS 2 ISYEZEE Hwaeh

4.1 dUiMmTAIH

AREFAEY 2A4AH FFAFd 9T vXNE 4F A74H A9 EvGAAN FFASF
7b 10874 AE 4= Qlomg Fpu|E Fo PA FAY AR W I EAY A A
F7F @A SAE ¢ Jeng £33 JZAAYKSF 2322)2.2 7125 AASHLY. ojd AFH=ZY A
FEE 08kglf/em’@ FA&ATH

HE i FFAHe A 20X 10 °cm/secE H7|E WA (-2 FAL EFA Zegvh
ety EFASFE ¥F7] 93t HES bentoniteE TH Wi FFAELS AAFLAY A ¢
EFAYe ARE ¥ 2, 29¥ 29 YeEtH A bentonite A7) FUMES4E HAH L= Fheia,
Hd AxdFTHE AYE ¢ F UANAT

AWAES A7 29 494 £ 4 U= uie} o] bentonite FFFo] 12%°14Y A$ WHEA ¢
29 7EL BFe Aoz Yyt
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= 2. Bentonite #%9) F7bs Boule) wztel me Ho AXUNES L F4A%

T B A F5u), Al AxEANIH, .
B/S ¥l& © (%) Y dma (£/m°) k (cm/sec)
Bentonite/Soil
5/95 25.0 156 9.00x 1077
10/90 25.34 150 1.61x 1077
L 15/85 26.1 151 6.80% 108
1.60 e 18
150 1%
E 1.40 /\ 15 f-\‘
/ N // \\
£ 130 1.45 7
2 AN
5 1.20 14t
2 [
§ oo 1501 \\\J/
gw% \J/ 1607
: E
S 1 e — B8 e L
* 20 2% 0 35 40 15 9] x D ®
Conpaction water content, @ (%) Corrpaction water content, a)(%)

(a)
(b)

a9 2. 93 @l B Ax9ATEF 2 AT A (@ B/S=0/100, (b) B/S=10/90

5. NEud= ¥ H=

5.1 BHFUTAH

AWAIR ] A B/S=12/88 ©]F AujellN F3 HAH stpule) 2~3% F&5 0 F5uj2 A
Ag3Aeh AlFd A" TR AHE HE 9dogdE yste s S F 29 AF S0
o HE A5Fe FAE F 80cmel AR oL 25cm, 25cm, 30cme] 3F0E Uyo] AL AN
EE Ao dFdZ tig 8% 2P 2 43 F 9 202y oF AT Hg spaRiE oA
AAEFTE GAd e AR BN FRAzUEE AU AL EY 9%, FAGAY AS
95% o]gololol Fh AP AAdE AYIRAZLESY 95~105%2 F oA gt oA
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a9 3 HALE AY (2 Aey)
52 BAH ¥ BEEUUAH
AFAM A Az distd AFF FFALY B DL AR, FEASE v, 3

_‘I:_
SATHIY 4, 29 5). FINFCE FFASE WA/ AW ARt APEAN £ Ao A
= g,

—~ 1.E-04

S 0O field
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19 4. Bentonite E7}4] W& BEFATY AAANE FFASF

EE GEANFY 23 254-3tF(log scale) FHL A 42 HEY AFE Byed, ¢2ASF
gol A9 dAsAT I8 6.9 UehY K] AFH-FFAs BAE ZE AR 3y AFaA
7 Qe Ao yErydth

REF FLAP 3 FeAs} B LA 93 FFASFE 5~108) 2olg BJEH, o
T REE AEAFEAA T Fe] FFAS ol Hde FEES ol XY HEQA Ao Azd
o & ATdAE A8 dE bMFEF FFEAYY ERASI 3F GUANFo2REH AN 55
At dNFEFAH] FFATd 2 dRA}E A2 eyt

ArEE ATE A MY T FEL EFFNM $4Y AEE 1E2A B33, bentoniteE 1
B2A st v @A AMEHE G4 A ) vttt @]9} bentonite® %) v
AAs717F 4A Fe dAolth ol HANA AAY AR I FLAY € FF A4IAYY A
dA Z vdebdt. SFAEY Zd 4 FoAM BFAS gto]l o qui7tA] 2o)F Holx, EFE UIUAY
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N = 6l 7R 2ol E el Y. =3 bentonited] ¥ Fol FrESFE OA gzt FoMEs
T7F FolA & & F YA A QAN AFEFE AIFTE A ANBEE FAE F
A 9 bentonited] T 2 HAJ sl Q3o
1.00E-06 | 1.00E-05 |
E —] ™ 25cm ® 25cm
A 50cm A 50cm
| |0 80cm— 35 o 8&cm —1
~ 4 ® 80cm—2 g -
8 1.00E-07 Bty £ 1.008-06 ® &om =2
€ —— =
L =
x o s
. — = 5 107
1.00E-08 * g
0 2 4 6 / %
Pressure, p (kg/cat) '5
S ‘Z e
1Y 5 EF %}““\]ﬁoﬂ g stF - FrAsyg #A T /
1.00E-09
0 0.1 02 03
Void ratio, e
a4 6. F5AS - 7+
6. S&tsiat
FTE4e AqA-1H, Z1A-nA} S F J(phase)d AARAAN QA= EYH T 35y A
o2 ¥9W T Yyddi dojus A Atole] EAAH 24 ¢ HFOE B £ Q. ¥dd FF £
E4HE 228 v EFA(adsorbate)e} 31, F3o] dojuy= IH A& &3 Al(adsorption) g ot &
A4 AFAA F£AHEY @AV FAHE FAS AFsteEd 2 AMEHY gon, §]H4

(batch), ZEA(2RAY IF
Fotus] 918 AR 3

6.1 &3ts

Fa5d 9% HAE A
Zase, AEHA 24T,
A4 AT BYEE Aol 4742 Now mEs=

4 olgstgrt

\._

1_.

HERE, 35
;;1.151—75] 71/\4

Freundlich® & Langmuir® %] 4.

Freundlich3 ¢}

g = kcl/n

Aq7]A, k, n=F<Folth

Langmuir® 2}
2 g3 A

sede gEa

o

2}

o
2
X
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olF) T4 o] gl & AFAME EF AFAY F

o] A E¥X F FFHAY &
25, ¥&%°] it

52 F 4 (adsorption isotherm equation)&

T2 AgHes, £ B4 FHE ol4Y 9 M dY o] g¢HR
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_ abC
7= T+bC (2)

A71M, a=F ) FZFo] g 5, b=FZ IR Aot
6.2 &3l Al8EH(Adsorption capacity test)

FA&EEE doluy] a9 73 o] P A|HA Y, AlEE HE L HE-bentonited] F4E7} 10
AlZto 2 eyt &, o] 4H% FYHHE FASt=d 285 E Aot weld 1043k A
go2 B/S=0/100, 595, 10/90, 15/859] Wid Cu+Pbell A3t F35 A|ES HAS 2, 2 AFHE F 39
YR AT E3F 3 E-24(batch, slurry type)E ©]&3td F84& F Cu, Pboll tid Fa5 AFEL 4N
sla 714 %ol AlE 5= Freundlich® 3} Langmuir®d $& F&2og Fa% < vlusgdr.

50
® 10— ]
- 3 !
4 Tt : -
| | S 1 :
v ~® £ : |
3 g LT e
E 40 et %ﬁj € 011 §
L < E !
x *B/S=0/100 —Cu AB/S=O/1OO ~Pb >"< i |
i ©B/S=15/85 —Cu A B/S=15/85 —Pb 0.01 Lo vl i
0 50 100 150 200 250 300 350 400 450 0 f 1o 100
Time (min) Ce (mg/L)
a2y 7. FAESE 7] A% FRAE 19 8. Freundlich 2 &< 4% 83X
6.2.1 &3ls MY o=

Z71%% : 5 10, 20, 50ppm AA=27) - 0.149mm (#1004 BHAR)
] pH : 7.0 (7] SA4H F+A) & FA : 1g / 100mL

Z7

¥ 3. Adsorption capacity - Freundlich®, Langmuir¥ $22c2 33 A3}

¥ 4 | Bentonite+Clay k 1/n AAE2 3 a b
(mg/L)
0/100 0.998 0.691 3.787 1.1693 8.541
Cu 5/95 0.590 0.501 2.643 0.508 7.565
10/90 1.008 0.800 3.810 0.986 21.041
15/85 1.109 0.805 4951 1.273 7.694
0/100 44.36 0.608 44.003 12.690 0.585
Pb 5/95 20.52 0.298 37.214 8.078 0.562
10/90 23.64 0575 51.626 6.101 0.937
15/85 16.43 0.568 l 39.922 1.917 4.447
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M E9} bentonite EFAS ¢ Freundlich® 543 Langmuird T4 F ¥Yo= M8 &
A3 Freundlich 2220 & = Aoz vegygon, % Fi5 AYAA Freundlich 4= AH&
o] FaATE T Ao By ABF FT T 5 A& Ao AndY. EF 2% NEE A&
o] NPe AAFY oS Phol AN E FAF FHFY BFLS Bolx ERA Cugl 7§ bento
nited] o] Z7IAEE FHAFo| FUee AT BT

7. AYASCHHE)E FUASLE 0IB3URE Fe FHAFT

o

AN Ax EAHE FE5E F2HFY FEERG wFo] AW, 3 4L Fun2 FAA
ool A% 100Me 2718 2= Aoz BuHI vk weM steHE dF JErt 22 88}
EQe AU ERSES ALSH0] uiEAs B AFdME 05M 982 QFRE)S FHFR 3
o BN AN $EERY #AS Pt FAFe 2AYWL 05 mol/L CaCly 2H; 0 :
52424 3HE) - 7.35g — 100mLo|th

Quim oz AsTE FL4L FEERTY wFo) An FLASN FrEU, FFAEY 2R
CaCly 2H,0 (05M)E AAZ FFAFAMN FAF7h 358X 1077 c/sec® FEE A% FFAF
g} ¢ 2] A JERETh

by
i

(R

8. Wl

Aol A bentoniterclaysl E SIANE L FFAFE AAFH AFAY lEs WESE
bentonite E&H|(B/S=12/88)8 AARstsich o A#E R HE3 AFE 3F02 Wyl 4 o
A gANM AAUE AP ANz, ARESE AFdtd AR FFAE R EFF AEAAE A
Hay. RN ARG AR FLASE TGS FAANFANN 47 166X 1077 ~6.40X 1077
cm/secSt 477X 1078 ~78% 107 cm/sec(p=64 kg/em® )2 ¥l A HYPF AFFo 71EE VHIAN
o WET BEEAPos T FHA47 Auna ARY RRAFA Bn F dAFdE AR LE
Gob B AgdAl 2a&d W F4% MY Ad, &5 wEA EFREH 27 FAT
Cudld =7 UEhton Freundlichd S0l EftaAsAd FAFE Faed Bn BHT g2 7
3 2 9= Aoz Ugyt £ FH5E £FER AL A mo dsins #4858 3
7t FFAS Fol A vEygTh

q
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