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Fig. 1. Flow diagram for effluent generation in Khatoon Abad Copper Refinery Plant 
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Table 1. Effluent characteristics in different units of 

Khatoon Abad Copper Refinery Plant 
BLOW 
DOWN 
TANK

Unit 
82 

Unit 
82 

Measurement 
UnitParameter

82425mg/lTSS
400447731mg/lTDS

534NTUTurbidity

S�V�� /	  -�%1�� 6 ���
�� %9

�)�8%�WU )&
E* 02���� ^�P�� �� 0O 1;�����3 	��E�� D��
��� �)o* 0& 0"�* �& '5 Y��
O P�
� `�;� 
& �%
�����U�� '�A�<����

0��/� .1;� D�3 06��� �%
�����U ���
&#0&`��;� 
& � 9O
� P��b
�%�������;�#���
& 0��/�#����)�������;�) '�
���� 	�E�� ( ��3 

.(Institute of Standard and Industrial Research of Iran 
1988) 

�O����(5 0)8��% @�� 4���O `��;� 
�& ��%#��;� �
�& ������#
��(5)8#�% ��3 	�E�� 4VM�� � 45 (APHA 2005) ���(5 .)8

 ��O B��2� P�����" ��& ����b T���O�Whatman ��3 	��E�� ���� '�A
 D�<�;� �&  O ?���� P����"WTW 7110 D�<��;� ��& P����O �

Hach DR 2000 D(���� ��
#�3(APHA 2005).
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� ?�N��� 45  -�� 0&�)�&�+D���%� ?��N��� 8�N� 45 .�
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� �� �� 	
")(��& ����� �#������O(Juliana et al. 2007).����)Y
�
" ��& 0:;����5K)?��" ��  O B�2� P����" D���D�3 D���5

.1;� 
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Table 2. Calculation results for TSS mass load 

Processes qrstru qvwxtru yrtru ∆ur,tot
mg/l mg/l m3/day kg/day

CWP 3 8 130 0.65
a21 20 24 395 1.6
b21 20 - 216 .

82 20 25 758 3.79

�/! ���P����/! .���� ��"� 45 LV*� +�8�X& �� 0�& P�
) 45 LV*� '��&a) 45 LV*� �& � (bJN* (��� 
�8�X& .���3b

��N� 	
" ?�N��� ����
&���& +0��3���)� D���� ���� P�:�;��� �� �
�X& lN��� L
$� '5 �� 45 (��0O ��3�
$� 45 ���S�/�E�

�).1;� D�3 D���5 8X& �
& 0�b����2& 1s�� �& 1s�� 
% �#��)� S�N� ^��� .������

�)���5 ��A��Z= ��"� S�N�13��0& .;�
& ��s���o*��1s�� 
+�%
1s�� �U (� �%�)�� 0�3�� ��A& 0& ^=�O (� � ��1�s�� 0�O ���3 
����#"�
- ���3 ����  ����3���./%�> '����0����Q3� �
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Table 3. Calculation results for mass transfer at each level of TSS concentration 

Processes k
z{|1{} z7~�1{}

}{,�(�� ���⁄ )
= ∆}{,�7�(�� ���⁄ ) � z�o�∗ − z�∗

z{,7~��{} − z{,{|�{}
�

�{,��7��}� ���⁄ � =
∆}{,�(�� ���⁄ )

nz�c�∗ �z{,�� p(��}) > ��� ∆}{,tot 
�{,��7�(}� ���⁄ ) =
∆}{,�(�� ���⁄ )

nz�c�∗ �z{,�� p(��}) > ���

mg/l mg/l mg/l mg/l kg/day m3/day
82 3 20 25 20 24 3.79 3.04
82 4 20 25 24 25 3.79 0.76

X6�7e� O B�2� P����" D��)K5 #�
& S�N� 
% �� P���/! 
% (��
" ��& ?�N��� #�
&) (��� ���� �&� 0:;��� Y)��� 
Table 4. Calculation results for the required discharge (for mass transfer) of each operation at each TSS level 

Processes k
z{,��

�{,��7�(}� ���⁄ ) =
∆}{,�(�� ���⁄ )

nz�c�∗ �z{,�� p(��}) > ���
�{,��7�(}� ���⁄ ) =

∆}{,�(�� ���⁄ )
nz�c�∗ �z{,�� p(��}) > ���

�{,��7�(}� ���⁄ )
= }{,�(�� ���⁄ )
nz�o�∗ − z{,�� p(��}) > ���

mg/l mg/l m3/day kg/day

CWP 1 0 8 0.65 92.85
a21 3 8 24 1.6 100

82 3 1 24 3.04 132
82 4 24 25 0.76 760

1;� pX��+�/!�P�CWP �a�� (�)�� ���:! S��N� ^����O
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)�(m�,S(kg day⁄ ) = ∆m�,TUT(kg day⁄ ) � b]cd∗ �b]∗
b
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,
��
��
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Fig. 2. Calculation diagram for minimizing water consumption based on TSS pollutant 
T\�P�0��/O P�:;��� 	�
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& 45 L
$� #(�; 

Fig. 3. Final results of using Pinch method for TSS 
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Table 5. Calculation results for TDS mass load 
Processes qrstru qvwxtru yrtru ∆ur

mg/l mg/l m3/day kg/day
CWP 300 400 130 13

a21 350 447 395 38.3
b21 350 - 216 -

82 600 731 758 99.3

K5 0&���)P�����" D��� B��2� (� D��\��;� ��& �  �O 0����2��
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& 	(K P�:;���#&0�
" ��& '���5 1;����N����S��N� 
�% ��

K5 1s��)P����" D��?���� �3 	�E��  O)?��"�(.
�/!�P����� lN�)��
" ��& � ���� ��
� S�N� ^���  �O

� 0��
� 
s��K5 0&��� .��3)P����" D��B�2� (� D��\��;� ��& �  O
 0����2��+& 	(K P�:;�����
#&0�&� '���5 1;��� �����
�% (� 

�/!��
& S�N� 
% �� P�#K5)P�����" D�� ?����� ��3 	��E��  �O 
)?��"�(.

��& 	(K 45 '�A0�O P��b��& 
&�
&��� (�� �� 9�2Q�
��
1;�.���t*��� (� 92Q� 
�� (� ���N� �)��/!�P�a�� S�N� ��

 � �2& ���t*��� 92Q� 
�� ���N� �)� (��/! (��P�a�� S��N� ��
  :��� 	�E�� ��3��2/" 0O ��� "�
- 4�JU 92Q� 
���(�S�N�

a�� 1;� 45 ��:/O ���N� .��� 92Q� 
�� 1;� 45 (� 0O -��	�



4�� �+-
� ;T� ���� �I ����I ........ dx.doi.org/10.22093/wwj.2017.53325.2187 

76 ���������	
���
��������� � �� ����

X6�7g����N��� ��
" ��& 0:;��� Y)��� O ?���� P����" D��)K5 1s�� S�N� 
% ��
Table 6. Calculation results for mass transfer at each level of TDS concentration 

Processes k z{|1{} z7~�1{}
}{,�(�� ���⁄ )
= ∆}{,�7�(�� ���⁄ ) � z�o�∗ − z�∗

z{,7~��{} − z{,{|�{}
�

�{,��7��}� ���⁄ � =
∆}{,�(�� ���⁄ )

nz�c�∗ �z{,�� p(��}) > ��� ∆}{,tot 
�{,��7��}� ���⁄ � =
∆}{,�(�� ���⁄ )

nz�c�∗ �z{,�� p(��}) > ���
mg/l mg/l mg/l mg/l m3/day kg/day

CWP 1 300 400 300 350 13 6.5 
CWP 2 300 400 350 400 13 6.5

a21 2 350 447 350 400 38.3 20
a21 3 350 447 400 470 38.3 18.3 

X6�7h� O ?���� P����" D��)K5 #�
& S�N� 
% �� P���/! 
% (��� ���� �&� 0:;��� Y)��� 
Table 7. Calculation results for the required discharge of each operation at each TDS level 

Processes k z{,��
yr,�xvx�u� ���⁄ �

= ∆ur,�(�� ���⁄ )
nq�o�∗ − qr,�� p(��u) > ���

yr,�xvx�u� ���⁄ �
= ∆ur,�(�� ���⁄ )
nq�o�∗ − qr,�� p(��u)

> ���

yr,�xvx�u� ���⁄ �
= ur,�(�� ���⁄ )
nq�o�∗ − qr,�� p(��u) > ���

mg/l mg/l m3/day kg/day
CWP 1 290 350 6.5 108
CWP 2 350 400 6.5 130

a21 2 290 400 20 182
a21 3 400 447 18.3 389

82 5 600 731 99.3 758
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Fig. 4. Calculations diagram for minimizing water consumption based on TDS pollutant 
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Fig. 5. Final results of using Pinch method for TDS 
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Table 8. Calculation results for turbidity mass load 

Processes z{|1{} z7~�1{} �{1{} ∆}{
mg/l mg/l m3/day kg/day

a21 1 3 395 0.79
CWP 3 5 130 0.26

82 2 4 758 1.57

K5 0&���)D�� �%#P����"B�2� (� D��\��;� �& �  O ?���� �
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Table 9. Calculation results for mass transfer at each level of turbidity concentration 

Processes k z{|1{} z7~�1{}
}{,�(�� ���⁄ )

= ∆}{,�7�(�� ���⁄ ) � z�o�∗ − z�∗
z{,7~��{} − z{,{|�{}

�
�{,��7��}� ���⁄ � =
∆}{,�(�� ���⁄ )

nz�c�∗ �z{,�� p(��}) > ��� ∆}{,tot 
�{,��7��}� ���⁄ � =
∆}{,�(�� ���⁄ )

nz�c�∗ �z{,�� p(��}) > ���
mg/l mg/l mg/l mg/l m3/day kg/day

a21 1 1 3 1 2 0.79 0.395
a21 2 1 3 1 3 0.79 0.395

82 2 2 4 2 3 1.57 0.785
82 3 2 4 3 4 1.57 0.785

CWP 3 3 5 3 4 0.26 0.13
CWP 4 3 5 4 5 0.26 0.13
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Table 10. Calculation results for the required discharge of each operation at each turbidity level 

Processes k z{,��
�{,��7��}� ���⁄ � =
∆}{,�(�� ���⁄ )

nz�c�∗ �z{,�� p(��}) > ���
�{,��7��}� ���⁄ �

= ∆}{,�(�� ���⁄ )
nz�o�∗ − z{,�� p(��}) > ���

�{,��7��}� ���⁄ � =
}{,�(�� ���⁄ )

nz�c�∗ �z{,�� p(��}) > ���
mg/l mg/l m3/day kg/day

CWP 3 1 4 0.13 44
CWP 4 4 5 0.13 130

a21 1 1 2 0.395 395
a21 2 2 3 0.395 395

82 2 1 3 0.758 393
82 3 3 4 0.758 758

Fig. 6. Calculation diagram for minimizing water consumption based on turbidity 
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Fig. 7. Final results of using Pinch method for turbidity 
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