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Abstract  
Given the increasing importance of surface water bodies as supply sources of drinking water and regarding the 
requirement for using different chemicals at various stages of water treatment processes, it is essential to 
investigate coagulant consumption in water treatment plants. Determination of the required dosage of coagulants 
used in the coagulation and flocculation unit is one of the most important decisions in water treatment 
operations. For this purpose, the jar test is generally used to determine the type and concentration of suitable 
coagulants in a water treatment plant. However, the test is rather time-consuming and unreliable due to the 
inaccurate results it yields. Instead, intelligent methods can be employed to overcome this shortcoming of the jar 
test. In this study, experimental data were collected over the period from 2011 to 2012 and further refined for 
study. Two non-linear models based on adaptive neuro-fuzzy inference system (ANFIS) and GMDH-type neural 
networks were then developed and experimental results were used to determine the optimum poly-aluminium 
chloride dosage for use at Guilan water treatment plant. The effects of input parameters including temperature, 
pH, turbidity, suspended solids, electrical conductivity, and color were investigated on coagulant dosage. The 
ANFIS model was found to outperform the GMDH model in predicting the required poly-aluminium chloride 
dosage. 

Keywords: Water Treatment, Coagulation and Flocculation, Poly-Aluminium Chloride, ANFIS,  
GMDH. 
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1 Solve Normal Equation (SNE) 
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)Y(G(xi,xj)=a0+a1xi+a2xj+a3x2
i+a4xj

2+ a5xixj
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P.�;m�Z� 3	�G# 9! B4# �!�; �# 4�. �	 9��d! 9WZ� �	4Z� �! 92,�R� 9W
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D
HA2.61747.0563

B3.07756.3597
C2.8732.6.4701

A
N

FI
SA0.00190.9888

B0.01720.0977
C0.00350.2057

��! A��)��I �!��; ��!	�_ 9���d! ��.��Z� � 47 9��I �$� �. ���8?
�)	 ; .4�7 9=�)�2� 92,��R� 9WZ� "	�! <��F O���q,	 �	 3.� ��!	�

 9�! 
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)�I ���8? HE�7 �. ".��� ��# "	�	S�
.�)	 347 3.	. ���� 

9�! 
�)�I ���8? �!	�; "�#��	��  ��.�Z� k4�� �. 9��� ���:
ANFIS k�4> �.�.�)	 347 3.��- 

P.�;o�4� 
)�I ���8? �!	�; �!	�_ ��.�Z� 
�4#�. kANFIS 

�.�. �FGaussian MF(1) Gaussian MF(2)
CσCσ

��.(℃)23.31111 0.993365 10.92698 12.88213 

pH(-) 8.336667 0.110652 7.902381 0.442338 
T��4N(NTU) 174.4678 156.5849 2334.259 156.5849 

t�'� T	4��>
(mg/L)

1006.587 117.84 3562.905 1993.304 


����,	 ��	4#
(µs/cm)

1582.952 1581.585 1505.31 97.57119 

z��(pt-co) 782.1587 1420.385 3253.587 129.75 
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��� "�	*��q��� ���# Z'�� B���R� "	���! 	*��, �4����7 34����:4

�  :k�	 9��/ �. 4��	��: U�������,-Y1=14   Y2=,16  Y3=12  

Y4=15  Y5=23  Y6=24 9�! X��!�� M�	��� A���'; �	 w�  .
���� 
�� U�. 9��/ M�	�� 9! �!�� k�	 9�/ "�# A��	 �. 9�: 4�)�

 �!	�! U������: �# k�L 9�/����� "�	*q��� � �)	 A�	 9! ��� �#
 M�;�;Y7=1114  Y8=1655  Y9=1215  Y10=2324 .�)	 

U������: �# k�L U�) 
��� 9�/ �.��d�- "�	*q��� � �)	
9��! : T�����Y11=11141655   Y12=12152324 k4��� .���)	

 k4� �. 	�,� "�) �!	�_ � 
����GMDH ���� 
��G; "	�! "�#

�  34��:4Z'�� B�R� �	��� 9! X�!�� k�4�> �. 4��	��: U������,-

�	 347 9|	�	k4� "�d�	 �. .�) 9! ��(�) "��) "	��! 34��- ��).
@�  HE7 �. 34��:4Z'�� B�R� �	��� 
��!�.�)	 347 3.	. ����

Yi9�/ �. ���� 34�#. ���� .�)	 s��� "�# 

P.�;p�@�  "	�! �;�! U������N 34��N4Z'�� B�R� �	��� 
��! 
3���)� ��w@�)%�� ��w@<� <+��� �.)%�.�a��� 9�D%0 �#E$ <T#C P�� f�%4 :GMDH

���{/�����/������{�{���{�{{{

P.�;q���� 
=R? 9E=7 �	 3.��)	 �! 4�	��: U������,- 
�  B�R� �	��� 9=)�2� "	�! 
���� k4�GMDH 
P�� � ���=. ��� 9��%8 �����GMDH�.�0 :��	C<�'

0.0624 + 0.6127 Te + 0.0552 SS – 0.0131 (Te)2 – 1.8e-6 (SS)2 – 0.0026 (Te) (SS)Y1=

P.� <�' 

5.4485 + 0.0223 Tu + 0.0016 Color – 4e-6 (Tu)2 + 2.3e-9 (Color)2 – 2e-6 (Tu) (Color)Y2=
– 1447.1307 + 3.8493Te+356.2078 pH +0.0244 (Te)2 – 21.5819 (pH)2 – 0.6230 (Te) (pH)Y3=
0.1512 + 1.4195 Te – 0.0033 EC – 0.0583 (Te)2 – 2.8e-6 (EC)2 + 0.0005 (Te) (EC)Y4=
2.6847 + 10.8590 pH – 0.6380 Tu – 1.2858 (pH)2 – 8.3e-6 (Tu)2 + 0.0821 (pH) (Tu)Y5=
2.7282 + 11.0558 pH – 0.2357 SS – 1.3079 (pH)2 – 2.27e-6 (SS)2 + 0.0307 (pH) (SS)Y6=
31.7789 – 3.4443 Te – 1.0684 Y1 + 0.0521 (Te)2 – 0.0453 (Y1)2 + 0.2280 (Te) (Y1)Y7=

�. <�' – 2.4761 + 1.2766 Y2 – 0.0015 EC – 0.0167 (Y2)2 + 2.5e-7 (EC)2 + 3.5e-4 (Y2) (EC)Y8=
11.5186 + 1.7401 Y3 – 3.9454 Y4 – 0.0321 (Y3)2 + 0.3091 (Y4)2 – 0.0617 (Y3) (Y4)Y9=
0.6633 + 3.1189 Y5 – 2.2315 Y6 – 0.1697 (Y5)2 – 0.0532 (Y6)2 + 0.2279 (Y5) (Y6)Y10=
– 2.9489 + 0.7291 Y7 + 0.7846 Y8 + 0.0677 (Y7)2 + 0.0483 (Y8)2 – 0.133 (Y7) (Y8)Y11=�%� <�' 
2.9822 – 0.8669 Y9 + 1.0309 Y10 + 0.0585 (Y9)2 – 0.0014 (Y10)2 – 0.0012 (Y9) (Y10)Y12=
– 1.0513 + 0.4845 Y11 + 0.7213 Y12 – 0.2219 (Y11)2 – 0.2431 (Y12)2 + 0.4614 (Y11) (Y12)PAC Dosage
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