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− × −  − − 
( )( )

( ) ( ) 8.6

1 9.99

103 1( 1 )104PL t d PL t

  

+       

− +

− − −

 

  
 U-�4 -  U:�H#
 ���G��0��� � )3�+��.
 ��0�H
  0�@,
 �7�V  +
 ?��#�: ���: �+� ),�:PL  P�� �:GEP  

4-2 -  )��= *����C= D1�= E�6 F-  �1' ����	 "�B,=

 '�I�	 FJ�$) �2,	 GHRL(  

+<� � 6  �7�  +
 ):����� g��#/  ?��Z3 �c/ �� ��

+! �./ ):0 ��+H
 �0 �9/� )3�9C  b:�3 �HB �8 DE ���3

)
 �$Z
 )
 ��./ �� +��:  .+,�0  

 �+< 6-  ):����� g��#/�./ ):0 0�@,
 �7�V >����v3 �: �#�:��  DE ���3) �$Z
 �0RL�0��� �: ( [�#Z
 ���  

�7�V  +
 �0�0 X9/ �93���� Testing Training 
DC MNE DC MNE 

RL 
0�@,
 �7�V)-  ):0

 �#�:�� �./ �:

>����v3  DE ���3 �0

(�$Z
 

Model.9 P��0�� ��� ��+: F6 0/9752 0/0793 0/9773 0/0749 

Model.10 P��0�� ��� �: F8 0/977 0/2487 0/989 0/1002 

Model.11 P��0�� ��� �: F3 0/9882 0/07367 0/9895 0/0665 

Model.12 P��0�� ��� ��+: F7 0/9872 0/0575 0/9859 0/0584 

Model.13 P��0�� ��� �: F1 0/9861 0/1542 0/996 0/142 
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  �+<7- �23� g��#/ �./ ):0 0�@,
 �7�V �+,: >����v3 �: �#�:��  DE ���3) �$Z
 �0RL�0��� �: ( [�#Z
 ���  

�7�V   +
  �0�0 X9/  �93����  Testing Training 
Rank Best  

DC MNE DC MNE 

RL 
0�@,
 �7�V)-  ):0

 �./ �: �#�:��

>����v3  DE ���3 �0

(�$Z
 

Model.9 P��0�� ��� ��+:  F6 5  3 5  3 16 

F3 

Model.10 P��0�� ��� �:  F8 4 5 3 4 16 

Model.11  P��0�� ��� �:  F3 1 2 2 2 7 

Model.12 P��0�� ��� ��+:  F7 2 1 4 1 8 

Model.13 P��0�� ��� �:  F1 3 4 1 5 13 

  

 ^:�e
�: g��#/ �:  ��+
E �!0Model.11 �: b:�3 

RL(t,t-1,t-2))=t(Q  �0��� ������v#
 �( )R L t �

( 1 )R L t − �( 2 )R L t − �93���� �
3 F3 

�: ��� �0�0 P��0�� )
  +
 ?��#�: ��� +��:.  �+��.


)
  +
 �8 00�G  �7�V �0 �+� [��T3 ���2  �E �0 �8

�./ ):0�  �#B�G �c/ �0 �$Z
 DE ���3 �: �#�:�� �HB

�!� �+�� ^�W0 g��#/ �: �	,
 0�G ��3�+�!� � �0 .

U-� 5� �0�0 )/�
� ��!  )<��; �: ����� )3�+��.
 ���

 P���
�/�: �$�� ���:  �` �0�0 ��./�!� �+� . ^:�e3

 )2!�,
 ����: ���0�0 ?�:  )3�+��.
 � )3�2!�

 ���

)
  ��93 �cV=
�8 .0 �� UC�V  9
�BGEP  >�9C �: $�/

) �e:��5( )
 :+��:  

)5( 
( )

( ) ( )( ) ( ) ( )( )
( ) ( )( )( )

( )
( )( )

( ) ( ) ( )

3 3

2

2

1.02 310.28 2

12.25

(

0.16 2 /

2.98  2
2 1

8.

(

3

)

4

)
RL

RL t RL t RL t RL t
Q t

RL t RL t

RL t
RL t RL t RL t

RL t

              

      

  + + + 

− × × − −
= +

− + −

− ×
− − −

+
        

  

 

  
 U-�5 -  ���G��00�H
 U:�H#
�� 3�+��.
) � ��� �:,) ��: �+�� �#�:�? �7�V  +
 0�@,
 RL �:  P��GEP  
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4-3 - �1' ����	 "�B,=  �K���= FJ�$ L����1 F- 

 D1�=�.	�2�� � �2,	 GH )��= *����C=  

  �+<8�  +
 ):����� g��#/  ��+H
 ?��Z3 ��< ��

)3�9C�0 �9/� +! �./ ):0  b:�3 �8� � �$Z
 ���3��#
�$ 

)
 )
 ��./ �� +��: +�0.  

 �+< 8- ):����� g��#/ )2�8�3 �7�V �0 �+� }��@
 ����93���� )RL PL,�0��� �: �( [�#Z
 ���  

�7�V   +
  �0�0 X9/  �93����  Testing Training 
DC MNE DC MNE 

PL, RL 
)2�8�3 �7�V)-  ):0

>����v3 �: �#�:�� �./ 

 DE ���3 � �$Z
 �0

(���#
�$�� 

14.lMode P��0�� ��� �:  F1 0/9748  0/2365 0/9853 0/1141 

15.lMode P��0�� ��� �:  F1 0/9822 0/1915 0/9873 0/0806 

16.lMode P��0�� ��� �:  F4 0/9872 0/1416 0/9894 0/0791 

17.lMode P��0�� ��� �:  F2 6210/0 0/2135 0/9794 0/1184 

18.lMode P��0�� ��� �:  F8 0/9586 0/3621 0/9880 0/0934 

19.lMode P��0�� ��� ��+:  F1 0/9059 0/1305 0/9374  0/1147 

20.lMode P��0�� ��� ��+:  F5 0/9992 0/1005 0/9994 0/0987 

Model.21 P��0�� ��� �:  F4 0/9880 0/0958 0/9892 0/0756 

22.lMode P��0�� ��� �:  F1 0/9870 0/1602 0/9908 0/0780 

  

 g��#/ ?�,y���23�   �+< �0 �+,:9  �0�0 ��./

 .�!� �+�^:�e
  �: �+< 9 � �: �H
��� ��+H
 T
������ 

���+/� G��� �+� ��:� �� � +
 Model.21 �: b:�3 PL(t-

1)-Total� RL(t-1)=)t(Q �
3 �93���� F4 ����� �: 

��� P��0�� �0�0 �� �#�:�?  +
 ��< �Z3�? ��+H
 :0) 

�./ +! �9/� �: �0 �c/ ?#B�G �7�V 8�3�2) b:�3 ���3 

�$Z
 � ����#
�$ D�Z#/� 0�G�+.  �0U-� 6� 0����G� 

U:�H#
 �#�:�?  +
  UC�V  9
�B .�!� �+� �0�0 ��./

 ��GEP ) �e:�� >�9C �: $�/6( )
 .+��:  

  �+<9- ):����� g��#/ )2�8�3 �7�V �0 �+� }��@
 ����93����  �./ ):0>����v3 �: �#�:��  DE ���3���#
�$�� � �$Z
 �0  

�7�V   +
  �0�0 X9/  �93����  Testing Training Rank Best 
DC MNE DC MNE 

PL, RL 
)2�8�3 �7�V)-  ):0

 �./>����v3 �: �#�:�� 

 DE ���3 � �$Z
 �0

(���#
�$�� 

14.lMode P��0�� ��� �:  F1 6 7 7  7 27 

F4 

15.lMode  ��� �:P��0�� F1 5 6  6 4 20 

16.lMode P��0�� ��� �: F4 3 4 3 3 13  

17.lMode P��0�� ��� �: F2 9 9 8 9 35 

18.lMode P��0�� ��� �: F8 7 8 5 5 25 

19.lMode P��0�� ��� �: F1 8 3 9 8 28 

20.lMode P��0�� ��� ��+: F5 1 2 1 6 10 

21.lMode P��0�� ��� �: F4 2 1 4 1 8 

22.lMode P��0�� ��� �: F1 4 5 2 2 13 

  

)6( ( ) ( )
( )( )

( )( )( )
( )( ) ( )( ) ( )

,

12

2103 1
1   8 105 1

28.09

1 0.37 1 0.72 108 11.0  7

PL RL

PL t
Q t RL t log PL t

RL t RL t PL t

  
+   

−
= − + + −

− − −

   

− + × × − −         
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 U-�6- ��� � )3�+��.
 ��0�H
 U:�H#
 ���G��0  )2�8�3 �7�V  +
 ?��#�: ���: �+� ),�:PL, RL )Model.21(  P�� �:GEP  

4-4 - J� H�2 ��#$�F 9�	 �(� FJ�$ �( �=�1  

���: !��:) 3zk�� ���#
����� [�#Z
 �0 ��� :�,) 


���$ )8�; +! �/+: �� �./� �0  +
 ��� �3�: �� �!� ,

�: {FV 63 63 ���#
���� �� ��! ����#
���� �0��� 

� +
  +
 ���:�0 ��<� +� � �#/�g  �+< 10� UC�V 

0�G�+.  

  �+<10- ��!��V $�7�/E )!��: �0 ):����� ������T
 ��0�H
  

 +
  Testing Training  

 

 +
 Testing Training 

DC MNE DC  MNE DC MNE DC MNE �7�V1 �7�V3 

No Pl 101(t-1) 0/9321 0/0522 0/9866 0/0470 No Pl 101(t-1) 0/9859 0/0862 0/9913 0/0721 

No Pl 102(t-1) 0/9314 0/0538 0/9863 0/0490 No Pl 102(t-1) 0/9166 0/1510 0/9902 0/0872 

No Pl 103 (t-1) 0/8700 0/1125 0/8423 0/1266 No Pl 103(t-1) 0/9329 0/1058 0/9917 0/0757 

No Pl 104 (t-1) 0/9145 0/0855 0/9734 0/0712 No Pl 104(t-1) 0/9894 0/1002 0/9914 0/0729 

No Pl 105 (t-1) 0/8299 0/1202 0/9571 0/0966 No Pl 105(t-1) 0/8600 0/3056 0/9912 0/0764 

No Pl 106 (t-1) 0/9111 0/0902 0/9785 0/0672 No Pl 106(t-1) 0/9516 0/3418 0/9850 0/1111 

No Pl 107 (t-1) 0/8393 0/0896 0/9786 0/0552 No Pl 107(t-1) 0/9738 0/1721 0/9874 0/1025 

No Pl 108 (t-1) 0/9052 0/0759 0/9854 0/0563 No Pl 1081(t-1) 0/9749 0/1483 0/9917 0/0761 

No Pl 109(t-1) 0/9516 0/0551 0/9863 0/0491 No Pl 109(t-1) 0/9820 0/1430 0/9916 0/0769 

�7�V2  No RL (t-1) 0/9265 0/3159 0/9894 0/0796 

No Rl (t) 0/9915 0/0966 0/9900 0/0961 
  

No Rl (t-1) 0/9903 0/1080 0/9899 0/0920 

No Rl (t-2) 0/9839 0/1695 0/9898 0/1005   
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)
 �+��.
 ��C�V g��#/ �� �0��� �#
���� �8 00�G 

PL105(t-1) �7�V �0 1 ):0) �./ �#�:�� �: v3��>�� 

���3 DE �0 �����#
�$(�  �#
����)RL(t-2 0� �7�V 2 ):0) 

�./ �#�:�� �: v3��>�� ���3 DE �0 �$Z
 �#
���� � (

PL105(t-1) �7�V �0 3 ):0) �./ �#�:�� �: v3��>�� 

���3 DE �0 �����#
�$ z3 ?��#.�: (�$Z
 DE ���3 � �� ��k

 �9/� +! �0 �./ ):0 ��+H
 ?��Z3 �0)
 ���0 +,��:.  

4-5 -  '��@	 ��BJ� &�� )� NO�$ A3�. (SEEP/W)  

�: �9c,
 �H
��� �#/��g +! ��9/ �!93 ��/ ��$B� 

SEEP/W  +
 �+� � :0) �./ �: �!0  �+
E �� ��? 

��/ ��$B� �: :0) �./ 3�+��.
) � �#/�g UC�V �� 

�
�/�: 9/��) :��� �` )GEP( �H
��� 0�G�+ .+:�? 

�9c,
� >��=w� 0�9
 /��� ��:�  +
 ��!� +! b�< ��E� 

�+� � beH
 1 +,:��$:��� :� >�9C +T:�0� � �!93 

SEEP/W  +
 +/+� .����� �Z3�� /��G�/) �0 +! � 

�7�V ��FG �0 �c/ �#B�G �+./ � �0 �8�� 7�/E���$ �7�V 

�f�0) Steady-state)( �0 �c/ �#B�G +�  +
 �� h� .

  ���� � �E �: d7�o
 >�oZ.
 ��o#;� � ��J�
 �09�/

 +
 ����
 ����� : g��#/ � �+� $�7�/E ���  >�9C

)<��; f��� [�#Z
 ���)
 � 09� U-� �0 .7�  m9e;

\� .�!� �+� �0�0 ��./ U��/�#�  

  
 U-�7 - \� m9e; ����/  beH
 �0 U��/�#�1  �
�/�: �� UC�V �9/� +!SEEP/W  

 +
 �� +T:  � ���!:�  m9e; �0��E �!0

\� +! )� � �/+: U;�0 �0 U��/�#��0�0 ):����� g��#/ �  ��

 ���
E �#
���� �! �� �0�@#!� �:)٢R، DC  وMNE (

�:   �+< �0 �C=; >�9C11 .�!� �+� �f���  

 �+< 11- �#/�g UC�V �� SEEP/W  

DC  MNE �0�0 X9/ 

0/4688 0/1593 Totall-H1,H2* 

0/4936 0/1502 Test- H1,H2**  

0/4602 0/1624 Train- H1,H2*** 
*�0�0 U8 ��� S�: +�?���� � �!0 �!0  

** �0�0 S�: +� ���?���� � �!0 : )B0�o3 ):�Z#/� �!0�  >�9C25  %�0�0 U8 ��  �947� ^:�e
 ��D1 �` ���: �0  
***�0�0 ?���� � �!0S�: +� ��� ):�Z#/� �!0 : )B0�o3�  >�9C75�0�0 U8 �� %  �947� ^:�e
 ��D1 �� ���: �0  

  

 U-� �08 ��09�/ $�/�0�0 ���  )3�+��.
 ���

���  � �+� ),�:0����G� U:�H#
 :0) �./  �0�0 ��./

.�!� �+�  P�� ����H
 g��#/ ?�,y��GEP  �

SEEP/W �:  �+< �0  +
 ?��#�: ��12  �0�0 ��./

.�!� �+�   �+< �: ^:�e
12 )
 �+��.
  �8 00�G

 )�
�-3 P�� )����8GEP  ����: �0+� P�� �: �2�/

P�� ?�� �0 �+� [��T3  +
 � �09: �3S�:�  ��3S�: �W0

.�!� �0�0 �f��� ��  
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 U-�8 - ��� �./ ):0 �: )3�+��.
 �./ ):0 U:�H#
 ���G��0  �� UC�V ),�:SEEP/W  

  �+<12- �
�/�: )�
�-3  +
 g��#/ ����H
  )]���  +
 � �` ���: )��9/SEEP/W  

�
�/�: )�
�-3  +
 �` ���: )��9/  
 )]���  +
SEEP/W ):����� ������T
 0�@,
 �7�V)  +
 ?��3�: RL)]��@
 >S�V �� ( 

Train Test    
0/9895 0/9882 0/4688 DC 

0/0965 0/1367 0/1593 MNE 

  

bW�� �0� �
�/�: )�
�-3  +
 )
 �` ���: )��9/  +/�93

.+��: 0�+

 ���7� �0+�  +
 ���: )2!�,
 ?�$4��< 

���
�/�:  +
 �8 0�8 �<93 +��: �#-/ ?�� �: +,�  )��9/

�9,o
 P9�  +
 6� �` ���: m�23�� �E �0 �8 �09: )

�v#
 ?�: U:�W )<��; � �0��� ����)�/ ���� +��:�  �F7

: ��J�
 )-�$�B >=-.
 \�B �� ),��� +�0�  �!0

)�/ )�8 �7�V �0 .+�0� )
  �8 0�8 ��9,� ?�,� ��93

 +
 �7��
 6�$�B �: ),#2
 )T��93 ���  +
 U_
 �

SEEP/W�: ��0�0 t�!�  U�� +��B � )-�$�B ���

)
 �0�0 ?�,� �� ���G �8 +,,8  �� ���/ t�#!0 �0 )���

 �: �,:��� �: 09<9
 ����� [�#Z
 U��� )V��w �

�0�0 �:  +
 �� UC�V g��#/ �	�#/ �0 �09: >��@#
  ���

\� )3�+��.
 ���0 +��9Z/ )/�9;.  

5 -�P�.  ����  

^�H
3 ?�� �0�  �� �./ ):0 ��$�
 ?��Z3 ��<

 P�� �0 �� )W�� ��	��:�aE ��#!� �0 bW�� �9/� +! �/+:

�
�/�: ���: �$�� �0+� P�� � �` SEEP/W  �0�@#!�

 .�B�G ���W ����H
 0�9
 P�� �0 ?�� g��#/ � +�0�G

P�� )����8 )!��: ��< GEP �3  �#B�G �c/ �0 �7�V

 +
 � +�  �k� ?�,y�� .+/+�0�G [��T3 �0+T#
 ���

��� �0�0 P��0��  .�B�G ���W )!��: 0�9
 $�/ �� g��#/

)
 ���: �
�0� �0 UC�V 09�.  

 �c/ �0 >S�V U8 ?�: �0�+� �#B�G� Model.11 

�: ���#
����� 0��� �RL(t,t-1,t-2)  �8 �0�@,
 �7�V ��

)
 �$Z
 DE de! ���3 �: �#�:�� �./ ):0 �E �0  +��:

�
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 bW�� �0�3�:� Model.11 m9:�
 �: �7�V 0�@,
 :0) 

�./ �#�:�� �: ���3 DE �$Z
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Comparative Study of the Performance of Finite 
Element Method and Evolutionary Model  
in Seepage Discharge Predicting From the Body 
of an Earth Dam 
 
In this study, the capability of gene expression programming (GEP) 
and a finite element method (SEEP/W) was assessed for predicting 
water seepage from body and foundation of zonouz earthen dam 
located in East Azerbaijan Province. Therefore, different models 
using observational data of Zonouz dam (water level in the reser-
voir, pizometer levels implanted in the body and injected tunnel 
dam and seepage discharge) were developed in three states: single-
mode of seepage discharge related to pizometer level, single-mode 
of seepage discharge related to reservoir level and combined state 
of seepage discharge related to reservoir and pizometer level and 
the results were analyzed. From the sensitivity analysis the most 
effective parameter for any states were determined. Then the best 
model of GEP was reanalyzed using SEEP/W software. The results 
showed that the single-mode which the seepage discharge depends 
to only reservoir level leads to more accurate results and in this 
regard, the gene expression programming approach is more suc-
cessful than the applied finite element method. The sensitivity anal-
ysis showed that the water level related to one day ago in pizometer 
which located at level of 1850m (PL105(t-1)) and reservoir level 
related to two days ago (RL(t-2)) are the most effective parameters 
in modeling. 
 
Keywords:  Earth dam, GEP, Reservoir level, Seepage discharge, 
SEEP/W. 
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