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Evaluation of Optimum Landfill Design by Contaminant  
Transport Analysis 

 
K. Badv 

Department of Civil Engineering, Faculty of Engineering, Urumia University 

Abstract: Contaminant transport analysis was performed for four selected solid waste landfill designs using the computer 
code POLLUTE. The diffusion coefficients were determined for the natural soils (aquitard) and compacted soils from the Urumia 
landfill site, using the diffusion tests. These coefficients along with the geometrical, physical, and chemical parameters of the 
natural soil and engineered layers, as well as the dominant boundary conditions were used in the analysis of the four selected  
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designs for the landfill. These designs were evaluated for the contamination of the underlying aquifer in a specified period, using 
the drinking water standard for chloride ion. The comparisons showed that the fourth design which includes the engineered 
elements of a blanket type leachate collection layer and a compacted clayey liner underneath the landfill base, has more certainty 
in controlling the contaminant transport from the landfill base to the underlying aquifer. This type of landfill could be introduced 
as an optimum and semi-engineered design to be used for solid waste landfills in Iran. 
 
Keywords: Landfill, Optimum Design, Diffusion, Contaminant Transport, Aquifer 
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)*4� �45�Q ! �,4g �43 �M��b ��4�  (�4W�# !4��D # �

�/���  )*4� �45�Q ! �,4g �43 �M��b �/@�4�  (�4h+ #

 !�	 6�� ��"�V .�F��=  <	�3 w�" !��D�# # *�	# !M��

 �` �3 ��<��k` ��J+ f��g :	 �9? *i?���?C �4�Q �# �#�4H 

)*H?FS 9? : ��Q � *� �5�Q (!�	 6�� 6#�J��	.

\0�����H���� _��< # ��&�` �	 �J��	,� �

6�5�Q8 ����+	 *4�7�D <�4� Z?+�;  �43 O�P <�C ��Q T�?  :	 �C

 � !G�D �3 *��� �3�� �a�+	 ��M 6	��C �3���ZbB � >k� j�

*  I��HB ��: ��#�H  �3 #��]�� ��'[:
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z
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z
cD=

t
c)K+( 2

2
d ∂

∂
θ

∂
∂θ

∂
∂

ρθ

��#�H  9�	 #θO�4P *4�bD !43�S ��# )��F4�	 O�4P #

 ��# T��Cj,�,B �O�4P n!4�	 (�ρO�4P ]4aP ��?4-+	# 

)M/ L3(�KdO�P # T�� *H�:�B f��g )L3/M T�4� <	�3 �7 �

 ��7 !4�	 �J4[ T8 	�4�(�cT�4 : # O�4P # T�4� !4h�d 

t)M/ L3(�D���b  :	 �7 *;? �5�#��?C *V�� |,` f��g 

�v�  �a�+	 f��g �#)De(*;?+�4;  *V�4� |4,` f��4g �

)Dmd ( !44�	 6�44� j?;44aB)L2/T(�zO�44P # R44�M )L(� �

v*5? : ��: >8 T���� !M�� )v = va/n �L/T (!�	 .

7 # <:�  ��� !4h�d �3 �3	�?� <��+�� T8 # �7 9"�  I

|C�47 N4M�3 � 6#�47 !47�D O�4P 9��4�: <�C ��Q �3 9?H 

 *  T� : ��S # � I7 # !h�d I4��HB �4�: �4�#�H  �43 �#��

*  #��:

)@(
t tq1 cs ss o H Hf f0 0

(t) =  - d - ( )dc c cf τ τ τ∫ ∫ 

��#�H  9�	 #s(t)cm4` 9"�4  I47 # T�� !h�d Y�4  :	

 T� :t)M/ L3(�oc�9"�4  I47 # T�4� �4?��	 !4h�d fH

9"�  I7 # �3	�?� �#�H  ��JB	)|4;C: �4�Q j4P	# �4� �(

)L(�sf# � 9"�4  I47 �\4� �D	� # 6#�7 �FM T�� L��

 T� : �D	�)M/L2/T(� �cqI7 :	 6�� *a;C: �3	�?� xbD 

T� : �D	� # � �\� �D	� # 9"� )L3/L2/T (!�	.
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��� ������	
����� ������	 �������� �/(� �U�

�?�?�*���Q :	 �FM :	 m` 9?H  T� : Y�  *S # �BQ�3 <�C

*  #	� T8 �3* I��HB ��: ��#�H  �3 ��+�� #��:

)�(]d
h

)(f[=(t)c R
o

t
R τ

τ
∫

��#�H  9�	 #Rc (t)	�438 6�J� # T�� !h�d )9?43 :�4  #

 �BQ �3 ��Q � 6�J� (T� : #t�R( )f τ6�J� �3 6�� #	� L�� 

T�4 : �4D	� # � �\4� �D	� #)M/L2/T (  � �h! �,4g 

6�J�)L(!�	.

��#�H  jD)�(YQ#�H  t��B 6�� I��HB <:�  t�	�� �3

)@(�)�(t��B��Z7�3 #��4=  �4�Q z� :	 6#�J�4�	 �43 �

6�� �_		]�� ��'[�7 # �<	 �+��	 POLLUTE 9�	 # �G

 ���"�V 	�c 6#�J��	 #�  �H��\  !�	 6�� �?FHB]��[.

a0�b��� # c�� ���� 

�  t�	�� 9"�  <	�3 *M�5�  *��5C � <: # Y�F4��=  # �4C

 �4�7 T�4� !h�d <� t�	�� 9�	 �?v�B � !�	 6�� ��"�V �h+

 �4+	 6�� �-���  xC �3 �T� : ��S # 	�38 6�J� # .43��4S

 # 	 t�	�� 9�	 �[�P�* #�  #�7 �[�P T	�B) :�(�?v�B

  I7 # #��=  L�� �� !h�d �3 !F-+ !3�v !h�d �9"�)@(

�*H?FS 9? : ��Q ! �,g �?v�B)�(�3	�?4� *a;C: T	Z?  �?v�B

 �9"�  I7 #)U(*H?FS 9? : ��Q <��k`��J+ f��g �?v�B)�

�` �3 � *�	# !M�� ��?�9(� �)�(:	 *4���P !M�4� �?v�B

	�38 6�J� # I7.

���� )�(Y�F4��=  # 6�4� 6#�J��	 <�C 6#	# :	 <#	�HB 

	 *4  T�4a+ �45�ZV ��X �C <	�3 �4C# .43 Y�F4��=  l��4�+�

�43 !F4-+ 	�438 6�J4� # �4�7 T�� !h�d <�C	#��+ Y�[
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3�:	 9"�  �5�ZV ��X � 6�� 6#	# T�a+ *�P# 	#��+ Y�[

 :	 �4�7 T�4� !4h�d 9�4" Q�43 T��C �7 6�J� T#�7 6#��8 �h+
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�U1 ��� ������	
����� ������	 �������� �/(�

A,<d0�3& '�� GH3I ����eO )Cl ( ���� ���I ��	�� ���� "� '	�� �� G�L� "��� *�>� "�)�# ���J� .( )4(G�	f GH3I ��f	O

�#��� T�= 	� GH3I �� G�L� +���� E& "�)U(�X��� ���� ��6 G�	KW ��f	O 

*�7�D <�� Z?+�;  �3 ��+�� !7�D T	Z? �b3�� !4G�D �3 *� �

�3�� * |�	Z"	 �a�+	)9"�4  <�4C �45�ZV ���� <	�3 �?v�B 9�	

!�	 6�� N=3 � 	#	 # �7 #	# w	�K  �3�a  t�	�� # .(

��^̂L��� �	 ^̂-,7� 	^̂� ���^̂� :<���;44� )e(�)�(l��44�+ 

*  T�a+ 	 9"�  ��+ 9�	 Y�F��=  �4C# .j;4� #)�(<	�43 

<��k44` ��44J+ f��44g �447 *���44D�44?C *i?��*44H?FS 9?44 : 

)m/s (��)��x�/��?v�B �!�	 )�(L�4� �43 !F-+ !3�v !h�d
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�43�� *4  |�	Z"	 .*4a;C: L�4M � #��4=  L�4� !4��D #
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*��P�B .( *45H� �?P�4B �3 6�J� # *V#��8 �*a;C: Y�[ #

 :	 m`����"	 *  w�JB	 ��� )*��P�B <�����  �3 *5=5  .(
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��� ������	
����� ������	 �������� �/(� �Ue

A,<g0�3& '�� GH3I ����eO)Cl ( ��L��� �	 -,7� 	� ��	�� ���� "� '	�� �� G�L� "��� *�>� "�)T#� ���J� (G�	` "�

Kaquitard = 5x10-11 (m/s) +)4(+���� E& "� �#��� T�= 	� GH3I �� G�L� G�	f GH3I ��f	O)U(+�X��� ���� ��6 G�	KW ��f	O 

)S(� ����< �-,7� 'J�� ��f	O���� E& ".

A,<h0�3& '�� GH3I ����eO )Cl ( ��L��� �	 -,7� 	� ��	�� ���� "� '	�� �� G�L� "��� *�>� "�)T#� ���J� ("�

G�	`Kaquitard = 1x10-9 (m/s) +)4(+���� E& "� �#��� T�= 	� GH3I �� G�L� G�	f GH3I ��f	O)U(���� ��6 G�	KW ��f	O

 +�X���)S(f	O���� E& "� ����< �-,7� 'J�� ��.
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�U� ��� ������	
����� ������	 �������� �/(�

A,<i0�3& '�� GH3I ����eO )Cl ( � *�>� B,7� 	� ��	�� ���� "� '	�� �� G�L� "��� *�>� "�)T�� ���J� (G�	` "� 

Kaquitard = 5x10-11 (m/s) +)4(+���� E& "� �#��� T�= 	� GH3I �� G�L� G�	f GH3I ��f	O)U(�6 G�	KW ��f	O # +�X��� ���� �

)S(���� E& "� ����< �-,7� 'J�� ��f	O.

A,<4j0�3& '�� GH3I ����eO )Cl ( � *�>� B,7� 	� ��	�� ���� "� '	�� �� G�L� "��� *�>� "�)T�� ���J� (G�	` "� 

Kaquitard = 1x10-9 (m/s) +)4(�� E& "� �#��� T�= 	� GH3I �� G�L� G�	f GH3I ��f	O +��)U(# +�X��� ���� ��6 G�	KW ��f	O

)S(���� E& "� ����< �-,7� 'J�� ��f	O.
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��� ������	
����� ������	 �������� �/(� �U�

A,<440�3& '�� GH3I ����eO )Cl ( *�< *����& ��" ���6 # � *�>� B,7� 	� ��	�� ���� "� '	�� �� G�L� "��� *�>� "�)���J�

T"	 / (G�	KW G�	` "�S/4+ �X��� ���� ��� ���� )4(+���� E& "� �#��� T�= 	� GH3I �� G�L� G�	f GH3I ��f	O)U(��f	O

 # +"��� *�>� "� M� �=#�: G)�� 'J��)S(���� E& "� ����< �-,7� 'J�� ��f	O.

A,<4U0�3& '�� GH3I ����eO )Cl ( ��" ���6 # � *�>� B,7� 	� ��	�� ���� "� '	�� �� G�L� "��� *�>� "� *�< *����&)���J�

T"	 / (G�	KW G�	` "�h/S+ ���� E& "� �#��� T�= 	� GH3I # �X��� ���� ��� ���� )4("� M� �=#�: G)�� 'J�� ��f	O

 # +"��� *�>�)U(���� E& "� ����< �-,7� 'J�� ��f	O.

=1.21 m/a 

=1.21 m/a 

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

69
8.

13
84

.2
4.

1.
9.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
24

-0
7-

03
 ]

 

                            15 / 19

https://dorl.net/dor/20.1001.1.22287698.1384.24.1.9.2
https://iutjournals.iut.ac.ir/jcme/article-1-337-en.html


��� ��� ������	
����� ������	 �������� �/(�

A
,<

4S-
�

�	

��
�

	��
	�

�
D
�	�
�#

��
	��

�
��

�
T�

�
#
+T
#�

+�
#

�
	7

��
�J
�
�
�
�*
�<

��
��
�
�H

�"
�
_
��

<
�
�:

"�
"
��

(

"
��
�
*�
>�

�
��

��
�
T�

)
	�

�
��

��
�
�H

��


.

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

69
8.

13
84

.2
4.

1.
9.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
24

-0
7-

03
 ]

 

                            16 / 19

https://dorl.net/dor/20.1001.1.22287698.1384.24.1.9.2
https://iutjournals.iut.ac.ir/jcme/article-1-337-en.html


��� ������	
����� ������	 �������� �/(� ���

A
,<

4\-
�
��

��
�
�H

��
�

	

��

�
	��

	�
�
D
�	�
�#

��
	��

�
��

�
T"

	 
=

��
�J
�
�
�
�*
�<

��
��
�
�H

�"
�
_
��

<
�
�:

"�
"
��

(�

"
��
�
*�
>�

�
��

��
�
T�

)
	�

.

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

69
8.

13
84

.2
4.

1.
9.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
24

-0
7-

03
 ]

 

                            17 / 19

https://dorl.net/dor/20.1001.1.22287698.1384.24.1.9.2
https://iutjournals.iut.ac.ir/jcme/article-1-337-en.html


��@ ��� ������	
����� ������	 �������� �/(�

Q �4�: # *4H?FS 9?4 : x7 <��k`��J+ !��D <	�3 	 l���+ �4�

 *  T�a+ |;C: x7 ! �,g � !3�v !h�d !��D # ��5B ��C#

 #��4D :	 m4` 6�J� # !h�d �9? :1�:�4b  �4D �43 ��4� 

*  �� .j;� R3�\ )��(f��4g <�43	�3 !4-?3 |�	Z4"	 �3 �

!4��D ]4� Z4� �3 �����D L��B # �9? : <��k`��J+)*4a;C:

 ���?,4g *H?FS 9? : � �3	�?�–*��4P�B N4��  �43 *45=5  (�

�3	�?4� *a;C: !��D ]� 9�	 # � !�	 *��D 6�J� *V#��8

 :	 <�?V�4�� � ��4�57 # *3�4P �43 <	 6�J4� |4;C: t��B

 �57 * <:�3 |�+ 6�J� *V#��8 .!4��D <	�43 l��4�+�/@�4�  

3 Z?+ *H?FS 9? : <	�3�� �243�  �6�4�	# �43 <�4�?5=5  Y�4[

 !4�	 6�4� 6#	# T�4a+ *��4P�B N��  .4��=  l��4�+ :	 # Y�F

 6�J4� *V#�4�8 �3 �b5  �7 *H?FS 9? : <Q�3 <��k`��J+ !��D

*  6�4� 6�4?3�7 *4� ��Q �?FHB L�Z� �3 T	�B *  �#��)�45�Q (#

!�	 ��"�V 	�c *��3 #�  � 	#	 # �7 #�3 *` �|;C: ��Q ��:.

$&��� ��" ��6 # � *�>� B,7� 	� ����:<���;4� )��(

�)�@(F��=  l���+ *4  T�a+ 	 9"�  s�S 9�	 <	�3 Y� �4C# .

j;� R3�\ )��(6�J� # *V#��8 �!3�v !h�d !��D # t�" �

�4�"�V �4h+ # s�4S �C !��D �?�3 # 9;� ��"	 * w�JB	 	�38

 3 6���!4�	 6�J� *V#��8 :	 <�?V��� � ���57 �3 #�c *3�P .

# !4h�d |C�47 N4M�3 Z4?+ 6�J� # *���P !M�� |C�7

  6�J�*#�� .j;4�)�@(!?H4g� <	�43 	 Y�F4��=  l��4�+ 

*4  T�4a+ #��4=  L�4� !��D # ���?,g *H?FS 9? : �4C#..

<	�43 6�4� �4�"�V �4h+ # I4��,  t�	�� # l���+ 9�	 R3�\ 

 	�38 6�J� # *V#��8 �6�J� *���P !M�� � �3	�?� *a;C:

 ��"	 *�+ w�JB	 .�43 �3	�?4� <	 6�J4� |4;C: �4�Q �v�  |�+ 

�C 6�J4� *V#��8 |C�7 � ���57 # �6�� 6�?3�7 *� �5�Q 6	�

3 �	�38�!�	 #��a  ��[�D l���+ # *3�P.

�b��� �3& ���� :43 l��4�+ �*�7 <�?V �b?�+ �h5  �3�!4�# 

4D�S :	 �45�ZV �4�X Y�F4��=  # 6� 844 <��4# �47 9"�

<���;� )1(*�	 )�@(4�P# 	#��+ �# # ��+�� 6#	# T�a+ 4*

�46��)��()V45�Z4�<�C 4  49"���@��(4� �46��)�U(

)9"�  �5�ZVU(6�4� 6#	# T�4a+ �4+	 .43�94�	 # ��4�  T	�45M

 ���7 �C	#��+L2- 3��5�ZV *5H )j?"�5� (6���@)�43 9"�4 

 <�-+	�" |;C: (*J5  ! �M �))(3 �T8 <��� �L�4M *5H 

 6�J� *V#��8)�4D :	 �4��7 ��7 T�� !h�d :�4b  @��*4�?  

��?� # L�V (!�	 .!F�  ! �M (+) Z?+3�T�4� 6#�4�8 *45H 

 !�	 6�J� .l��4�+ �4-���  �43 � *4�P# 	#�4�+ �# 9�	 R3�\ 

 * �Y�F��=  L��X �5�ZV T	�B 	3�# �45?�3 s�S ]� T	�5M

 6#�J��	 �a7 # *��5�  ��?+ <��5"�  *D	�S#�7.

���"�l # �,-O 

�\  9�	 �7 *B��?�=B 6^��` l���+ :	 *��-c �H�)��B�P *�  

!Fv 6��� �3 ��"������*4��M <��4aC��` L��=  <	�� # 

�a7 !�	 t��B ��"�� �?K,B ��#�3 �3 �7T� :�4� L�4�= 

 <Z� � �+�3 � !����  9��43 �47 !4�	 �4�"��k` L�4b+	 �a7

 ��?��* *+	#�c � �;aB #��.

*2# ��	� 

1. finite layer  technique 2. aquitard
 

8=�� 

�.�O ���3”#�  *5? : ��: >8 23�5  !?Hg� # R?�=B ��� # 6�5�Q8 23�5  � <��� >�� >8 !�� 6#�J��	

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

69
8.

13
84

.2
4.

1.
9.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
24

-0
7-

03
 ]

 

                            18 / 19

https://dorl.net/dor/20.1001.1.22287698.1384.24.1.9.2
https://iutjournals.iut.ac.ir/jcme/article-1-337-en.html


��� ������	
����� ������	 �������� �/(� ���

>8 <�C 6�X <	�3 *��	��3 x��D 9??HB �3 �?7�B �3 �? �	

>���“<Z� � �+�3 � !����  T� :�� �*aC��` z	ZV 

� �# �*3��+�b��3�8 T���	 ���@�U�=J[ �����.

@.�O ���3”<���=  :	 <�?��B �3	�?� # #���  6�5�Q8 #	� 

 � *=\� >8 23�5  <� T8 Y	�v	 � �? �	 <��� ���3: 9"#

��\5  *5? : ��:�“*aC��` z	ZV <��aC��` <	�� �

��a7 *��M����=J[ �����.

3. Loizidou, M., and Kapetanios, E.G., Effect of 
Leachate from Landfills on Underground Water 
Quality., The Science of the Total Environment،
Elsevier Science Publishers B.V., Volume 128,  
pp. 69-81, 1993.   

4. Chen, P.H., and Wang, C.Y., “Investigation into 
Municipal Waste Leachate in the Unsaturated Zone 
of Red Soil,”  Environment International, Vol. 23،
No. 2, pp. 237-245, 1997. 

5. Rowe, R.K, Caers, C. J., Reynolds, G., and Chan،
C., “Design and Construction of Barrier System for 
the Halton Landfill,” Canadian Geotechnical 
Journal 37 (3): 662-675, 2000. 

6. Gartner Lee Ltd., “Halton Waste Management Site 
1998 Monitoring report,” Report to the Regional 
Municipality of Halton, Gartner Lee Ltd.، Markham،
Ontario, Canada, 1999.   

e.�O ���3”<	�3 <#�K�c	 �+��+ � �5?�3 <��D�S 9�"��

*��5�  9"# <���= )�	 # � �� �_	: #	�  *��	��3 T	�“.

��a7 *��M <��aC��` <	�� �*aC��` z	ZV���

�=J[�����.

8. Christopher, M. P., Principles of contaminant 
hydrogeology, Lewis Publishers, Secon Edition،
p. 235, 1996. 

9. US EPA, Office of Groundwater Protection, "Safe 
Drinking Water Act (SDWA), Washington D.C. 
1986.   

10. WHO, "Guidelines for Drinking Water Quality," 
Vol. 1: Recommendations. World Health 
Organization, ISBN: 92 4 154168 7, 1984. 

11. Rowe, R.K., and Booker, J.R., “POLLUTE v.6 1D 
Pollutant Migration Through a Non-Homogeneous 
Soil,” © 1983, 1990, 1994, Distributed by GAEA 
Environmental Engineering Ltd., 44 Canadian Oaks 
Drive, Whitby, Ontario, Canada, Fax: 905-725-
9657, e-mail: support@gaea.ca, 1994. 

12. Badv, K., and Abdolalizadeh, R., “A Laboratory 
Investigation on the Hydraulic Trap Effect in 
Minimizing Chloride Migration Through Silt,” 
Iranian Journal of Science and Technology, 
Transaction B, Vol. 28, No. 1, pp. 107-118. 

13. Rowe, R.K., and Badv, K., “Chloride Migration 
Through Clayey Silt Underlain by Fine Sand or Silt,” 
American Society of Civil Engineers, Journal of 
Geotechnical Engineering, Vol. 122, No. 1, pp. 60-68, 
1996. 

14. Rowe, R.K., Booker, J.R., and Quigley, R.M., 
Clayey Barrier Systems for Waste Disposal 
Facilities,. E & F N Spon (Chapman & Hall), 
London, p. 390, 1995.   

15. Rowe R.K., and Booker J.R., An Efficient Analysis 
of Pollutant Migration Through Soil,. Numerical 
methods of transient and coupled systems, R.W. 
Lewis, E. Hinton, P. Bettess, and B.A. Schrefler, 
eds., John Wiley and Sons, Ltd., New York, 
N.Y.,Ch. 2, pp.13-42, 1987. 

16. Shackelford، C.D., and Daniel, D.E., “Diffusion in 
a Saturated Soil. II. Results for Compacted Clay,” 
ASCE Journal of Geotechnical Engineering, 117: 
485-505, 1991. 

17. US EPA, “Guide to Technical Resources for the 
Design of Land Disposal Facilities,” EPA/625/6-
88/018, US Environmental Protection Agency, 
Cincannati, OH., USA. 

�(.���44?+ Y	:� �!447^��`���;�	 ��44a  9?44��5�  !7�44�

���� .�? �	 !�# <^���_^��?C���� �/�.

19. Mclsaac, R.S., Rowe، R.K., Fleming, I.R., and 
Armstrong, M.D., “Leachate Collection System 
Design and Clog Development,”  Proceedings of the 
6th Environmental Engineering Specialty Conference 
of the Canadian Soceity for Civil Engineers, 
London, Canada, Vol. 2, pp. 1340-1349, June-2000.

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

69
8.

13
84

.2
4.

1.
9.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
24

-0
7-

03
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            19 / 19

https://dorl.net/dor/20.1001.1.22287698.1384.24.1.9.2
https://iutjournals.iut.ac.ir/jcme/article-1-337-en.html
http://www.tcpdf.org

