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Effect of Sequential Permeation on the Engineering Properties of Geosynthetic Clay Liners 
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ABSTRACT (Keywords: Geosynthetic clay 

liner, liner, landfill, hydraulic conductivity) 

 Geosynthetic clay liners (GCLs) rely on the 

low hydraulic conductivity of their bentonite 

component to retard liquid flow. GCLs have 

been used in landfills in the United States and 

European countries. There have been increasing 

amount of information of GCLs including their 

engineering properties, the field behavior, and 

performance. However, there is a lack of 

information on behavior of GCLs subject to 

sequential leaching by more than one type of 

liquid. Sequential leaching of GCL by liquids can 

take place in many conditions such as when GCL 

is used in landfills by the seaside where GCL 

may be hydrated or permeated by sea water then 

permeated by leachate. Another example is that 

GCL is leached by acid rain after the installation 

before it is permeated by leachate or chemicals. 

The purpose of the proposed study is to 

understand the effect of sequential permeation on 

the important engineering properties of GCLs. 
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C��O÷@�ø,gÆùõîúûóC�

��	
OBentomatµ?@�øüNeedle-

punchingýCïð±þ���C�	���´

ù�_���üpolypropyleneý	¡C��


^-O�øCïð��h_
����	


C�Æ_�H�h��A»E¼<O��

�öZ@�Ø�7Ø 0.1 kg/m2��
�H´

7Ø 0.2 kg/m2C���
�H�	Øc§�

�5���� VolclayHZ@$� 3.6 



 2

kg/m2HA��x¦6N�P 10¹ 12%�

�O 

 Claymax 200Rµ_6��Cg !"

C±#�	g[�´ù7
�¥-H�7C


^µ 0.13 kg/m2C$%&(slit-film)���'

(H´7C
^µ_ 0.025 kg/m2C�)C*

+�
�,'((spunlace open weave 

polyester fabric)@_-.�	O�	@N�Ø

3.6 kg/m2HA/<� 5 mmH¦6NØ 20%O 

 ��Þß±_0�1�23(Flexible-Wall 

Permeameter)4Æ��K567K3(Bladder 

Accumulator or Permeant Interface Device)�

�H?@ôE£¤8(Pressure Control Panel)
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4.1 0�126fßMíOP 

 ���	
0�126ÞßMí?D

4.1Oùõ���	
�[ÃQ6C;6<$

�P 4.0x10-11~4.9x10-11 m/s �Rr�[S�

�6C;6<>P 2.4x10-11~3.2x10-11 m/sHD

[ÃQ6C;6<H¬ØS��6�¦©�

�H���7h_TUV6O 

 _yK(pH=5)��xHClaymax200RP

�M 1 W� LK(P.V.)CyK_�H;6<

XÉÊCY�$�P 2.8x10-11 m/s Z[r

BentomatST >P�M 1.2 W� LKCy

K_�H;6<$�ÉÊP 2.5x10-11 m/sO¿

À_�q6Ø��KLxHBentomatST �

Claymax200RC;6<�Ø 3.0x10-11 m/s �

2.6x10-11 m/s r ¿À_m6Ø��xH

Claymax200R C;6<�Ø 1.2x10-8 m/sH

BentomatST ;6<Ø 1.7x10-7 m/sH\]§

[AÝKLO�[m6-C#��^<]§

[AÝKLHp��_�¨C���`ai

E¼HZ²���7ª«H;6<­§O 

D 4.1 ���	
0�126ÞßMí 

 BentomatST Claymax200R 

����!"� k(m/s) k(m/s) 

#$�� 4.4 x10
-11
 4.8 x10

-11
 

%�
�� 2.7 x10
-11
 2.7 x10

-11
 


�� 1.7 x10
-7
 1.2 x10

-8
 

��(pH=5) 2.5 x10
-11
 2.8 x10

-11
 

���� 3.0 x10
-11
 2.6 x10

-11
 

#$�����
�� 2.3 x10
-10
 1.1 x10

-10
 

������&'� No Flow No Flow 

#$�->
�����

&'�

No Flow No Flow 

#$������� 3.7 x10
-11
 1.9 x10

-11
 


������� 1.5 x10
-9 2.0 x10

-11
�

�������� 4.8 x10
-11
� 2.3 x10

-11
�
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 P����ï`HaÃQ6�m6b_

ÃQ66à�HP�MLW� LKCm6

_�HBentomatST � Claymax200R C;

6<� 3.0x10-11 m/s � 2.5x10-11 m/s �c�

2.2x10-10 m/s � 1.2x10-10 m/sHÂd]D[¿
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À@m6��C;6<O 

 ~�KLC����ayK�92 efg

tb�aÃQ6�m6�92 efgtbHA

-hyij¡ 92 efgt�Hk*l;6<

mn´°HpcM$� 0.2 W� LK(�Ø

26�oyKpN)C��_�H��Nq×

rsC°DH¿� 92 efgteð#M�	


rÐm6ij¡ 92 efgt����Hk

*lh#MCKL>�� 0.1WC� LKH

tXcuv�wO¬Ø 92 efgt�yK,

m6�RxP9`yEH�	z�C� �

{$HôE6|($� 140 cm)}D[�	�

 C=�ôEHö_ 92 efgteð#MP

hysm66àMC���	
O 

� �aÃQ6��q6bCÞßMí-j

�H~ÃQ66à�j�q6Q��H;6

<��~úrªàHÂµ BentomatST C;

6<(3.7x10-11 m/s)$�Ø Claymax200R ;

6<(1.9x10-11 m/s)CùWOBentomatST C

Qout/Qin ���$[ 1Hr�dÔ~å�C�

6�ÒO��D 4.5H�ÃQ6��q6C�

	®¯��H BentomatST PùõKL´C

LK�Ò���$H;6<�§O 

 ayK��q6bC����-H

BentomatST P�M 0.55 W� LKCyK

_�j¡�q6��H;6<� 2.8x10-11 m/s

�c� 4.8x10-11 m/sHÐ Claymax200R P�

M 0.45 W� LKCyK_�Hpj¡�q

6Q��H;6<>� 2x10-11 m/s ���c

� 2.3x10-11 m/sH�	
LK���~úrC

�Òs®¯Oùõ�	
PcM$� 0.5W�

 LKCyK����HpH ��� 5.07 �

c� 6.7~7�RHpj¡�q6��$�+W

C� LKC�q6HpH ��XcÀ[�q

6C pH �(7.35)Oh��[D^<yKHù

õ���h_~éC-ºOùõ�	
;C

�<��[ Pore VolumeCªàHP+*l�

Xc����H� 0.28 ms/cm��� 5 ms/cm

��HÂyK-©��^<�DH;�<t

�DH��µ�	-C��W�qQOÐj

¡�q6��Hd~����C��O�M

$�+WC�q6��H;�<�Ø 7 ms/cm

��HÂD[�q6C 9 ms/cmO 

 a m 6 � � q 6 b C � � - H

BentomatST P�M W� LKCm6_

�Hpj¡�q6Q��H;6<� 1.7x10-7 

m/s´°� 1.5x10-9 m/sHÐ Claymax200RP

�MîW� LKCm6_�Hpj¡�q

6Q��H;6<>� 1.2x10-8 m/s ��C´

°� 2.8x10-11 m/sHÂµ Qout/Qin ÕY�P 1

��HÐeúrªàHùõ�	
��~r

sCLK®¯O�q6 SS Ø 190.5 mg/LH�

q6o¡¢£Lhi5¤
^s�	� H

Z²�6¥¦}5O 

4.2¿»fßMíOP 

o¿»ÞßMí?D 4.2 ö�H�N_

§õ��KLQ6àHBentomat ST CA¨

©�úrª Claymax200R $�«H¬�E

>�D[ Claymax200RO 

_m6Ø­ºKLHBentomat STë�

®¯¼<°0� 8 mm »±²H¬�E 1.6 

kPaHA¨© 29.9 ³rClaymax200R �P 4 

mm »±²Uë�®¯¼<HA¨© 16.6³H

¬�E 10.7 kPaHh´ Bentomat STC�ø

µ@H�ÂZA¨©¶q Claymax200R �

«Ht·�	
h¸}�$»±²O 

_yK (pH=5)­º���	
xH

Bentomat ST¬�E 7 kPaHA¨© 23.1³r

Claymax200R P 3 mm x×ë�®¯»�

EH¬�EØ 6 kPaHA¨©Ø 8.4³H»E¼

<ª@m66àÓ�«Om6-¦~$NC

#��_�E¢���HyK->¹~JN

C���H¬º���	
PyK-­º

xH�	C���7�/H�	z�C»�

ª�$Hºx Claymax200R CA¨©¹~

m6-C+¼HÂ Bentomat ST¬Ø~�ø

C¼àµ@H½A¨©´°ª��úrO 

P�q6-HClaymax200R Cî�®

¯»�E�P 2 mm C»±²�U�Xcë

�H¬�EØ 4.6 kPaHA¨© 15.3³�Ó[P

m6-CA¨©C 16.6³rBentomat ST P 8 
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mm ��C»±²�Xc�¾Ê�H¬�E

3.2 kPaHA¨©Ø 24.0³Õ}�yKC 23.1³ª

�À[OClaymax200R C»E¼<P©��

¦N�$xH���7ªÓHA»E¼<­

§HBentomat ST ���	z�»��¿�

��H¬Ø�øC¼àµ@H'(�¿C¼

<H½}­ºKLC���ÓO 

P 92 efgt-HClaymax200R �

Bentomat ST¬�EØ 18.8 kPa� 7.7 kPaH

A¨© 26.7³� 29.0³H�	z�TU�~6à

�ÀHr�q���7�~V6®¯µ@H

z�ÁÂ	À[H¬º»E¼<�$O 

BentomatST C»E¼<}6àKLC

���ÓHA¨©OÃP 23.1³~29.9³�RHÄ

hÅ��$�»�ªrClaymax200R C»E

¼<>}6àKL���$HA¨©P 8.4³

~26.7 ³�RHöi¸}»E�»�ªt�ª�

ÓO 

4.3ôFfßMíOP 

ôFÞßMí?D 4.3~4.4O_ÃQ6,

�q6,yK,m6­ºxHBentomatST

CôÒÆ� ccØ 2.11,1.44,0.93,0.72HÇ

¯Æ� csØ 2.83,0.76,0.74,0.26H_ÃQ

66àxHÇ¯Æ� cs �ôÒÆ� cc �È

$Hm6>ÈÓO�	Pm6-���7ª

�«HLKªàÉRÓHöi�q6Nª�

DH½Ç¯Æ� cs�ôÒÆ� ccÈDO 

Claymax200R PÃQ6,�q6,y

K,m6-­ºxHôÒÆ� cc Ø 1.991,

1.224,1.524,0.618HÇ¯Æ� csØ 2.515,

0.956,1.093,0.253HÊ�� BentomatST

��H�	}6àKL��H���7/<

���$H§¦NC#���E¢§¨±©

��CxPHZ²�	z�V6EDH��

�7«H���	
ôÒÉRªÓO 

ôFÆ� cvËÌ¿�EÍÎ-HÌ¿�

EØ 32~205 kPaHPÃQ6,�q6,yK

îõKL-Hùõ�	
CôFÆ� cv ��

1x10-2°� 1x10-4 mm2/sHm6CôFÆ�>

cv� 1x10-1°� 1x10-3 mm2/sO 

 �Ç¯Æ�Míh´HPÃQ6-�	


C®¯�È$HD�Ï�[WÐÑxCÃ

ÄÒÓiEtÈ¼HÐ���	
��q6

�yK(pH=5)CÃÄÒÓiE½Ô�?ÃQ

6HÕd§qm6�«H¹0ÔÕPm6Ö

6àH>×µ~�ØCD�O 

 

D 4.2 ���	
o¿»ÞßMí 

BentomatST Claymax200R  

�����

123 c 

(kPa) 

�45 φ
(degree) 

123 c 

(kPa) 

�45 φ
(degree) 


�� 1.6 29.9 10.7 23.2 

���� 3.2 24.0 4.6 15.3 

��(pH=5) 7.0 23.1 6 8.4 

��&'���7.7 29.0 18.8 26.7 

#$�� 30.8 * 29 4 ** 9 

�()6* Daniel 1993� ��()7*Shan 1990 

�

�

D 4.3 ôFÞßôÒÆ� cc�ÇÙÆ� cs 
 BentomatST Claymax200R

����!"� Cc cs cc cs 

#$�� 2.11 2.83 1.99 2.08 

���pH=5) 0.93 0.74 1.54 1.31 


�� 0.72 0.26 0.62 0.22 

���� 1.44 0.76 1.22 0.73 

�

D 4.4ôFfßMí 
BentomatST �

#$�� 
�� ��

(pH=5)�

����

��8-(mm) 15.0 7.2 13.7 10.7 

/08-(mm) 8.11 5.01 10.03 8.0 

��9:;� 13.96 3.33 5.52 5.48 

/09:;� 7.8 2.01 3.78 3.84 

��<�;(%) 507.5 121 200.8 199.1 

/0<�;(%) 179.9 73.1 137.3 139.7 

=>?@ cc 2.11 0.72 0.93 1.44 

AB?@ cs 2.83 0.26 0.74 0.76 

Claymax200R �

#$�� 
�� ��

(pH=5)�

����

��8-(mm) 17.0 6.5 13.9 9.6 

/08-(mm) 6.08 4.34 10.07 6.61 
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��9:;� 15.62 3.2 8.31 6.77 

/09:;� 4.98 1.8 6.17 4.37 

��<�;(%) 568 116.4 302.2 246.1 

/0<�;(%) 179.9 65.6 242.2 159 

=>?@ cc 1.99 0.62 1.54 1.22 

AB?@ cs 2.08 0.22 1.31 0.73 

�

D 4.5®¯ÞßMíH�±�mL/2g 
����� BentomatST Claymax200R 

%�
�� 28 26 

#$�� 28.5 24 

��(pH=5) 29.5 26.4 


�� 6 5.5 

���� 14.5 14.5 

 


