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�����  

� I3*0��*0� �8-8 K-LM IM�� <-�) ���� ) ;�'�

�� ��(	N�� 6� ;��3��-)� <? � 	��� . ;��O/�-��

)� 1�-�P4:�� ��3�1 �� 	  � )*(Q-8-3� �)(�3�3� ;�R

S��3� �� )*(+3> �-� ���(� <? T(6-� ;�R .)/1-/� 

�8-8 �� �	� 	38-� <-�� ��	U� � )� �R 1�-� �� 	

 )�V� ��	U� I37W 6� �R'�����, )M'� +38�1? X�:

 �<?pH��4�': �� ��'�: �7�1 � � �-� �	3�4� .

�8-8 �� <-�� I3*0�  ��'33Y� �� K�7��� �� Z��-�. �R

 	41�� <? T(6-� �*7� �( � <? )(�3�3� � )*(+3>

���(;  

����� � <�� : T(6-� S��3� �� )5��-MIM�� �� ��+�> ���� [.�� <? )� T(6-� �*7� �-�.  I3�1��, �� )�?

)� ;��O/�-�� �(\ 	38-� 	1�-� �8-8 )�M�� ���W �� <-�� ;�R 	4: �R �8-8 )�M�� 'LW PR�: �� '�4� �:  �R

)� ��'5 .�8-8 �� <-�� ���	� ]+(� � I3*0�  [.�� D�3�� )�, ;�R�(\ T��� I37W 6� )�*0� ���(�  ;�R �� <-��

�)� �'3^ � <? ;�R'3� �0, ��\�N� �-�.  )M'� <'� <? ;��O/�-�� � )5	1�-M I3�1��, D33_� `3U � D(� 6� a	R

	��� )� I���� ��� b(��1 �� �? ��(�U� � ;+:'� ����� �� )(����� )c�-1 6� . 

:�� ��= :)d��1? 6� �8-8 6� �: )� ���!��� `e�4� D(� �� )4�3�� )�, ;�R  +31 �
1? <-�� ��NV0� �? T7� �� ��-�

�-� 	R�-M ���!�� . ���� ��	U� �-f4� D3�R ��pH �f�^ � I: �3d�3�W �S3��: )�V� �S3��: �B-� � ��	��g I: �

)� : I�_8��-��� �� `��L� ��/0(��6? �� ��4�'»	�� ���	1����« 	� D33_� .jM�� '(��U� �(�
1 ��  � '1+(�� �'38k1\ ;�R

��� ���	(�'5 D33_� I� . 

�� �#8�& :��� ��01 b(��1 \ jM�� '(��U� �: '38k1 �7l�)'!" 6� '�03� ( )!4� '1+(�� ��� '(��U� �)'!" 6� '��: (�-�. 

 �o��� D(� '� �� '��'� p3�'� �� ��'R'� ;����� ;�'� '1+(�� � '38k1\ jM�� D3/1�3�44/0  �97/6  ;�'� D34r�R �

 T74� �� ���!g ;����� �� '��'� ��0� 6� <? D3���38/0  �25/7  ��� 6� )43��� <? T74� �98/0  �04/6 	� ]��+5 .

�-� �(-1�s �3d�3�W ��	U� 6� '�03� �38�� �3d�3�W ��	U� �I���� ��� �� D34r�R. 

�*�#� ���� :jM�� b(��1 '(��U� `7e '�  '38k1\ ;�R'1+(�� �� ���� ;��O/�-�� �� I(��� `e�4� D(� <? . b(��1 D34r�R

� ��� 6� I"�c)� `(	N� �� \�� b(��1 � " I��� 	4: .]�� �	� I3*0� ���-�� aOc �
g  �	� �3"-� )!��V� ;�R

]�� `e�4� D(� p��4�� �: ���  I(	_� ;�RpH ���� ;	3�� ;-0��� � ;��4(+5 D('�
� � )>'_� ;�R )� �	� 	4��� . 

���� �>� ����=: I���� ��� �;��O5 <-�� jM�� �)5	1�-M �;��O5 <-�� I3�1��, �)1	3���? <? 
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 ���� ��'33Y�pH )� ��0> � 	��� . ���-��

I3*0�  H4g 6� )1	_� p3:'� X( Z\-�_� �	�

��4�': ��!8-� �( �R ;�R )� S(+34� � S3��:  	4���

���-� 6� ;��3�� �� �:  � DR? I37W 6� ��-� '/(� ��

� D� ���t� )� �	R�0� K-�V� ��-"  �-�)4-1( .  

23 � ��  6� �-5�1-5 �*0� ��. �� )(����� ;�R

�*7� � ���3��� ��-� ��-�'> I37W <? T(6-� ;�R 

�? 6� v3 " �7W�'� �	. �  �\-w> )5	4:�', ��R

 ��-� D3(�, �	��g 	(�6 ��-� p��4��1 T>� �)1�-3c

<=�> �3�V� �)�-�. ���	
� vL�  � )�_4" ;�R

)� ���!��� �;6���0: �>? � �-�� 6� �(��  ��
0:

 T��4� )1-1�W S('c �(�.� �	.)�? �  �R'
� �_�-�

 �: ��� )�(\� ���g 6� )�? T��4� ��4: �� �R����� �

)� )�? T��4� �3!3: D�>� D3� 6� [.��  �� �-�

)� ;��'= ;'�� <? �3!3: P(�, ��3�1  	���)5(.   

jM�� 6�     )x� ;��O/�-x�� � )5	x1�-M ;�xR  ��-x� 

     <? ;��O/�-x�� � )5	x1�-M I3x�1��, D3x3_� �
g

�-�1 ���!���. jM�� 6� ;�R  )x� )5	1�-M  ��-x�   �x�

)�g�
� jM��1 �8-8 ;�'�  ����� ���3� ���6? ;�R

�':.    o-x(�-:-, jM�x� D3x4r�R2     ;�x47� 'x� �x:

  )x� D3x3_� <? ;'>�� �3>'y    � �-x� +x31   jM�x�

D��\ �7�13   ;�x47� '� � ��� )�'�� �L��� X( �:

�8-8 '� �_8�L�    )x� ��-�x�� ;+x�> ;�R  	x����   ���x��

 �-�1)6(.  

jM�� 6�  +31 ;��O/�-�� ;�R)� ��-�  jM�� ��

'38k1\ z�7��4S3��: ��4�': p3�'� I3�1��, �5  �

'1+(�� ;��	(�, jM��6  �-�1 �����)7( . D(� 6�

jM�� �8-8 ;�'� �R  ���!��� �-5�1-5 H4g �� ;�R

)� �-� .)� D(�'��4� �(��	 � �� ��(��  ;�R

�': ����� +31 �? 6� ���!��� .jM��  Z��	�. \�� ;�R

                                                 
1 Aggressiveness Index (AI) 
2 Puckorius 
3 Larson Ratio 
4 Langelier Saturation Index (LSI) 
5 Calcium Carbonate Precipitation potential (CCPP) 
6 Ryznar Stability Index (RSI) 

 S3��: ��4�': ��	U� �(�, '�)CaCO3 ()� 	4���  �

1)� ��-� �
1? 6� P3, �
g 5)5	1�-M ��'s� )d- 

�8-8 �� �-g-� ��-� �( )1��3� {-L�  I37W 6� )0:

�': ���!��� b1'� � <'� . '� <? ��'s� D33_� �
g

jM�� �)1��3� {-L� WSI7  ��� �	� ��
403,

)8( . �\�N�� 6� ;�� �	� �R� ��+3� ��3� ;�'�

 H� � <'� �\�N�� 6� <'� �	� �R� � )�1'�

 �� ��'�: )�'g �7�1 jM�� 6� �: ��� '�
�

��!8-� CSMR)(8 !��� �-� ���)9( . z�7�� |->

��� ;��O5 <-�� �� B�� �g�� I��. �<? ��-� .

 }��V� I(\� �� B-� � X()� 1�-� z�7�� |-> 	

�-��  ���� ��'33Y� Il�pH� ~3�Y� �'3V7� � +31 

�>�=�  �: ;��-� �	�)� 1�-�4 ���R PU1 	 �� �38��

	44: ;6�� .���R I3
�� TW�� �� �38�� ;�R  ��� �	44:

<-��  ;��(6 I��-. � 	4��R S��3� �� ;��O5

)�'3^ � @�*L"� �]�_��� ����t �-� ()� 1�-�4 	

PU1 	44: ;6�� �� �38�� . +31 � )�7W ���-��

 �-M �)5��-M �\-N �)� 1�-����R PU1 	4  ;�R

 �� �38��	4��� ����� )6( .  

 PU1 �<-�� I3*0� �� '/(� S
� I��-. ���g 6�pH  

)� 	��� . )c�� ;��O5 <-�� �� p�^� I��. D(�

 ��73:'� � S(+34� 	3�:��	3R �S3��: ��4�': Il�

)� 's� DR? ���O5 . P(�+>�pH  p3�'� [.�� Z\-�_�

 )��73:'� D34�)� �-� . PR�: �: )8�c ��pH  

 �B-� � ��-" �� �� {�� D(� ;��	
/1 �� I(���

 P(�+>�)� 	R� )10( .� �
g���� ;-0��  ;�

�8-8  	1��� <-�� I3*0� I*0� �: )4�3�� )�, ;�R

)� ��-� B�_>'3^ X(�	('�:	3�� 6�9  �: �': ���!���

 	= ���� X( � X(�	('�: 	3�� 6� )73:'� TW�� ��

 )5��-M)� 	��� .Z\-�_� X(�	('�: 	3��  �f�^ ��

3  ��10  IM�� ���-�� ��'� D3� 6� ;�'� 	"��

)� ���!��� �8-8 K-LM �-� . �3R�� I38� �� ���

                                                 
7  Wollastonite Saturation Index (WSI) 
8 Chloride-to-Sulfate Mass Ratio (CSMR) 
9 Inhibited Acid 
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	3�� D(� ��-� �	1�-M� Z\-�_�  �>�=� �? �� )��73:'�

)� 	44:  ��	g ;�� '� �? )7('V� 's� 6� T1�� ��

�8-8 	1�'5 �\�N�� � �R . 	= ��73:'� TW�� ��

�	3�� )5��-M  ��73:'�  vL� <Og �: 	4��R )8?

�8-8 )� ��+�> � �R  	3�� '3s�� 6� �� �
1? � 	1-�

 �f>� �)� 	44: )11�12(.  

   

 ��= :��  

)d��1? 6� ����'
� @�M �>�� �3!3: �:  ��3��? ;�R

 �����+5 o��� '� D34r�R � ��-� ���*( ]'!� �

 �;+:'� ����� <=�> � <? �:'� �	� �d���

 ���0� `e�4� D(� <? �3!3:)� 	����  �� D(�'��4�

 	4� 6� )>'N� <? �: 	� �? '� )_� �_8�L� D(�

�� �����  ���!��� jM�� ��-4. �(�
1 �� � �-�

)� ��-� �"�c b(��1� ��� S3�_� +31 �UL4� I: �� �� .

 ��'R'� ;�R����� )>'N� <? 6� �_8�L� D(� ��

)��3��? ����'
� T��-� 6� ( ���!g �) T��-� 6�

]'!� ����'
� ( �
g D33_� ;�O/�-�� I3�1��,

<? T��4��>'5 ���1� ;���'� �1-�1 � .  

4� �� 6� ���!g ;����� <'� <?  D3��x� T7 )x�  x��	 

 ��0� X( ��V1 T74��-� �8-8 X�: �� �:   )x�, ;�R

 B-e �� D�3��7     Sx�c �x� �+V� X( �� '��-�3:100 

 IxxU�4� pxx_*� 'xx�� � �	xx� Ixx�. 6� Hxx, �xx�1? ��

 Z��3U�x�� )16'�:    Tx(6-� �*7x� ���� )x�  	x� .  �x
g

       �x� 'x/(� <? Tx74� Xx( 6� a'xN� ��1�x�-1 ��'7g

    )x�� �x� )R�x� <? T74� ��-"L/s 2    ���!�x�� +x31

)xx� xx�	   Sxx�c �xx� )xx1+V� ���� �? <? �xx: 50 

'�� p_*�)� �	 .�   ��x��� Dx(� <? �3!3: D33_� ;�'

)�  ��(�� 'x� �1-�1 I�.    �x1�5�	g ��-x" �x� ;���

 ���1�)� �>'5  ��-�� �� )8'�4: ]�� 6�31 ��-" ��

�1�5�	g     �-x�1 t�xV�� T��x4� 6� ��	x: 'R ;�'� ;� .  'x�

> � <? �:'� ���? o��� ����'
� )(����� <=�

 ��	xx_� �@���131  ;���� ��xx��� Dxx(� �� ��-1�xxM131 

     �� I*3x� 'xR �� )>'xN� �1�'x� � ��-x� @'�0� 

  �� '��'� a'N� S: IN>2225 '��p_*� )  '��'�17 

'�� @'�x0� 'R ;�'� p_*� (     �x� I*3x� 'xR ;�'x� �

 2xx�-�� a'xxN�   �xx� 'xx��'�2918  pxx_*�'��)22 

'��@'�0� 'R ;�'� p_*� ( � a'N� �� I*3� ;�'�

�xx(6 �)�xx�'5 IxxN> (  �xx� 'xx��'�3502  pxx_*�'��)27 

'��@'�0� 'R ;�'� p_*� (	� ]��+5 .  

 �� ��'R'� ;�����66   �x� '��'� )�3_�g ���-1�M236 

 ���� �� '!1)�  	x��� .     6� ��x��� Dx(� <? D3��x� Tx74�

 ��"�> �� ;� �0��2300   D3��x� ����� 6� '���� '��

)� �	 .?(� )>'N� <   �x8-8 ��3x�� �x� ����� D   ;�xR

  S�c �� )1+V� �� D�3�� )�,100    B�xU�1� px_*� '��

 ����)� �	     D3x8�� �x� �-:Ox� �+V� ��"�> ��78� �:

 S: ��3�� �	44: a'N��-� .  

b(��  z�7�� jM�� �<? ;��	(�, �7�� � ]�� D('�

 '1+(�� � '38k1\)� 	4��� .jM�� D(� ��  �RpH  

 � <? )_W��pH   S3��: ��4�': 6� z�7�� )�W� <?

 �� ���'/(	*( )� ��(�U� ��'5.  ;�'� '(6 �8��_� 6�

 ���!��� '38k1\ z�7�� jM�� �7�� �)� �-�.  

  �L���1(  
LSI = pH  - pHs  
pHs = ( 3/9  + A + B) - (C + D) 

A = (Log10 [TDS] - 1) / 10 

B = - 12/13  x Log10 (C⁰ + 273) + 55/34  

C = Log10 [Ca +2  as CaCO3] – 4/0  

D = Log10 [alkalinity as CaCO3] 

 �L��� D(� �� �:  

A : �� K-�'�I: ��	��g B-� � ��  <?(mg/L) 

B : �� K-�'��g�� ���'c  <?(C°)  

C : �� K-�'�)�V� S3��: )mg/L, CaCO3( 

D : �� K-�'��3d�3�W )mg/L, CaCO3(  

  <? }x��V� 2(�'� �� p��4�� � \�� �L��� �� �g-� ��

)� ��-�  B�	g1     )xc�'e '�x03� �� 3x=-� �
g ��

�':.  B�	g ��1   jM�x� )!3: � )�: '(��U� �4���

��� �	�?  '38k1\.  
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 ?��@1.  ��B�C D%�E �&���� �����  

}
(��

  

<-��  LSI  

1  �	1�-M �	� ��  2<-5/0-  

2  <-�� I3*0� ��	� ��� �	1�-M ��7�1  0<5/0-  

3  B��_���  ;� �LU1 <-�� ���)� 1�-�|�!�� 	 �!3�	  0  

4  S: )5	1�-M � <-�� I3*0�  5/0<0  

5  )5	1�-M ���(� ��	� <-�� I3*0�  2<5/0  

  

 �� �: �-L1��R B�	g1 )� �	R�0�    jM�x� ��-x�

��01 )!4� '38k1\     �x7l� ��	xU� � )5	x1�-M �	4R�

��01  �x�� <? ;��O/�-�� �	4R� .    ��	xU� �x� 'x5�

     �� ;��O/�-x�� � )5	x1�-M �	x� �jM�x� ;�	.

)�1 ��01 	R� .    jM�x� 'x1+(�� �jxU1 D(� T>� ;�'�

    'x1+(�� jM�x� � {x"� �� '38k1\)RSI (  )x>'_� ��

��� �	�? �? �8��_� '(6 �� �: �'::  

RSI = 2pHs- pH   �L���2                                 (  

'38k1\ jM�� 	41�� '1+(�� jM�� � +31 �� �g-� ��

 )!3: � )�: ���	 � X( ;���� �-:O� �L���

)�  B�	g �� �? ��NV0� �: 	���2 ��� �	�?.  
  

 ?��@2. ��F&�� D%�E �&���� �����  

}(��  <-��  RI  
1  	R�-M I3*0� 	(	� <-�� �-�  >5/5  

2  	� 	R�-M I3*0� <-��  2/6-5/5  

3  ���	1 �-g� )"�M I*0�  8/6-2/6  

4  ��� �	1�-M <?  5/8-8/6  

5  ��� �	1�-M �	� �� <?  <5/8  
  

jM�� 6� ;��O/�-�� I3�1��, D33_� �
g  ;�R

	� ���!��� '1+(�� � '38k1\.  D(� 6� ���!��� �
g

jM�� )� �R �(�� <? )!3: ;�R'�����, �I��� 

TDS �pH �pHeq �pHs� � �I: �3d�3�W �f�^ �)�V

���'c �g�� � S3��:� �6�	1� �-� ;'35 . D(� ��

`3U ��  � )(�3�3� ;�R'3Y�� ��0(��6?

 <��: S��3� P(�'(� o��� '� )(�3�3�-*(+3>

»]�� <=�> � <? ��0(��6? ;�'� ���	1���� ;�R «

�>'5 ���1� .4r�R3 b(��1 I3�*� � 	3d�� �
g D

I"�c  X( ��-4. �� I���� ��� 6� �_8�L� D(� 6�

	� ���!��� T('� � )_W�� ��� .  

 <? ;��	(�, P�4� ;�'� )R�/0(��6? ]�� X(

I���� P(��6?1 ��� . �� �+���� P(��6? D(�

�/1 o��� B���(': �� <? D����  S3��: ��4�': ;�R

��� . 	_� 6�24 �6�	1� �3d�3�W �o��� �.��  ;'35

)� �-� .'5�  PR�: o��� ���6 6� H, <? �3d�3�W

z�7�� |-> <? 	��(  ;��O/�-�� �� I(��� � ��-�

����  	��( P(�+>� <? �3d�3�W �r1�4� �? H*. �

���� )5��-M �� I(��� � ��-� z�7�� '3^ <? . 

 X(�+1 �( '��'� �38�� �3d�3�W P(��6? D(� �� �r1�4�

 o��� 6� H, �3d�3�W �� '��'� ��24 �.��� �� �	�

�	4R	1�01  z�7�� �8�c �� <? �: ��� D(�)� 	���� 

 B��_� �8�c '/1�3� �8�c D(� '/(� ���7. �� ����.  

, ��	U� D33_� 6� H, I3�1��, ��	� ':t ;�R'�����

<-�� �8-8 �� <? )5	1�-M � ;��O5  D�3�� )�, ;�R

 ��3��? � ]'!� ����'
� ;�R����� T(6-� �*7�

	� D33_� .�1-�1 ;���'�  T74� 6� � )8�-�� ��-" ��

 ���1� T(6-� �*7� � B�U�1� 2M ;�	��� �<?)� �>'5 .

 ��"�>� H�� ���	1���� 2(�'� �� I � ��

 ��/0(��6?�	� IU�4� )� ��'W +38�1? ��-� � �>'5 .

 �(�
1 ������  ;�R��+>� �'1 6� ���!��� �� �RExcel  �

SPSS ��'W )��'� � I3� � � �(+�� ��-� �>'5. 

 ;��O/�-�� � )5��-M I3�1��, D33_� �
g D34r�R

jM�� 6�  ��� D34r�R � '1+(�� � '38k1\ ;�R

	� ���!��� I���� )�3�*�.  
  

�� �#8�&  

      �xx� `��xxL� <? T��xx4� 6� ;���'xx� �xx1-�1 6� Hxx,

_8��-���   �x1-�1 +38�x1? � ���	1��x�� I�   6� �<? ;�xR

jM��  ;�R )�3�*� ��� D34r�R � '1+(�� �  '38k1\

    ��-x� `e�x4� <? )x!3: �3_=� D33_� �
g I����

jM�� D(� b(��1 �: 	� ���!��� �_8�L�  B��	g �� �R

 �����3 �4  �5 ��� �	�?.   

                                                 
1 Marble Test 
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 ?��@3.  D%�E �)� �� G�#"@ � ������ ����#��� HI  �JK�

 ��B�C  

<? T74� ;���'� �1-�1 I � �1-�1 	: 

  jM��

�38k1\ 

��'R'� 

B�U�1� 2M ;�	���  S1 A 
S2 A 

T(6-� �*7�  
S3 A 
S4 A 
S5 A 

���!g 

���  J1 A 
J1 A 

��0� 
J2 A 
J3 A 
J4 A 

T(6-� �*7� 

 

J5 A 

J6 A 

S :    ��'R'�J :   ���!gA :   ��O/�-��B :   B��_�C :    �	1�-M)31(  

  

 ?��@4.  D%�E �)� �� G�#"@ � ������ ����#��� HI  �JK�

��F&��  

<? T74� 
 I �

�1-�1 ;���'� 
�1-�1 	: '1+(�� jM�� 

��'R'�  

B�U�1� 2M ;�	���  S1 C 
S2 B 

T(6-� �*7�  
S3 C 
S4 C 
S5 B 

���!g  

���  J1 C 
J1 C 

��0�  
J2 B 
J3 B 
J4 B 

T(6-� �*7� J5 B 
J6 B 

S :     ��'R'�J :   ���!gA :   	(	� <-��B :   S: <-��C :

    +3��1 )5��-MD :     ��(6 )5��-ME : �	1�-M �	0�)32( 
  

  

 ?��@5.  ������ ����#��� HI ��� ���6� �� M	���  !� N&�#�)G��#EI G�#��4E ( G�#"@ �):�"� G�#��4E(  

}(��  ;���'� �1-�1  I �   �38�� �3d�3�Wmg/l(CaCO3)    �(-1�s �3d�3�Wmg/l(CaCO3)   

1  ��'R'� ;����� �� ���� 6� I7W  �*7� ;�	���  216  208  

2  ��'R'� ;����� �*7� ;�
�1�  228  224  

3  ���!g ;�����  168  164  

 

  '38k1\ jM�� D3/1�3� �	� I"�c b(��1 �� �g-� ��

 �� '��'� ��'R'� ;����� ;�'�44/0 � � ���

 I3�1��, ;���� ����� D(� <? ��? o��� '� �: 	�?

 ;��O5 <-��)� 	���.  jM�� D3/1�3� D34r�R

 �� '��'� '1+(��97/6  �-� D(� <? ��? o��� '� �:

���� ;��O5 <-�� I3�1��, +31 �����.  

 6� <? D3��� T74� �� ���!g ;����� �� D34r�R

��0��  �� '��'�  '38k1\ jM�� ��	U�38/0  �: �-�

<-�� �8�c '/1�3�  ��O5)� 	���  jM�� ��	U� �

 �� '��'� <? T74� D(� ;�'� '1+(��25/7  �: 	�

�: ��� �8�c D(� '/1�3� � <? �8�c �� T74� D(

���� ��'W )l4M.  ��� 6� )43��� <? T74� �� D34r�R

 �� '��'�  '38k1\ jM�� ��	U�98/0  '/1�3� �: �-�

<-�� �8�c ��O5;  \��)� 	����  jM�� ��	U�

 '1+(�� +31 �� '��'� T74� D(� ;�'�04/6  �: �-�

<-�� �8�c '/1�3� ��O5��� ; . o��� '� D34r�R

����  D(� <? �1-�1 )!3: +38�1? 6� I"�c ;�R

 )(����� <=�> � <? �:'� 2�-� `e�4�

� �@��� ����'
� '38k1\ jM�� ��	U �� '1+(�� �

 �� '��'� p3�'� �� ���!g ;����� T(6-� �*7�44/0 

 �7/5 �-� <-�� '/1�3� �:  D(� <? ��-� ��O5

 �����)� 	���.  

 B�	g ��5 �� '(��U� �� K-�'� b(��1 I���� �

��� �	�? �_8�L� ��-� T��4� <? �� K-�'� . '�

 �� �g-� �� � I���� ��� `L4� o��� D(� b(��1

�1-�1 �� K-�'� �: ��� ���� <? ;�R ��-� ;�R�

�3�W ��	U� �-� �_8�L�d ��	U� 6� '�03� �(-1�s �3

 �� � �-� �38�� �3d�3�W �� I(��� <? ).-1

<-�� �� ;��O5�� �� D(� TW�� �� � )�3�*� �

��� � "  �  '38k1\ ;�R� �� '1+(���  v=�� �-e

 ��01��� .  
  

	Q2  

���R  ��01 �_8�L� D(� b(��1 �: �-e����  <?

<-�� �� I(��� �_8�L� ��-� `e�4� ���� ;��O5. 
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 )43. ��	R�0� +31<-��  `e�4� D(� <? ;��O5

)� 	3d�� �� 	4: .�_8�L� ��  � )�-�f� 2�-� �: ;�

 6�'3� '
� <'� <? �3!3: ;�� '� ����*�R

 ���1��>'5 jM�� '(��U�  �� '1+(�� � '38k1\ ;�R

  �� '��'� p3�'�86/0  �95/5  ]��+5	(�'5  �:

<-�� �� `e�4� D(� <? I(��� 6� ):�c  �-� ;��O5

)13( .�_8�L� �� D34r�R  2�-� �: '/(� ;�

Iw>  ;�� '� B�� X( �	� �� ����*�R � ���6

�3!N� 6� )g�'M <? �3!3:  ���1� �(� <? �1�M

jM�� '(��U� �>'5 '38k1\ ;�R  �� '1+(�� �

 '��'� p3�'�29/0  �45/7  ��3_� a�' 1� �15/0  �

17/0 <-�� �� <? I(��� �: 	� �	R�0� ��O5 ;

�)� ��01 �  ���)6( . '3s�� ;�� '� )
��0� �_8�L�

jM�� '(��U� '� B�� IN>  '1+(�� � '38k1\ ;�R

 �� � �>'5 ���1� +('7� '
� T(6-� �*7� <? ��

�1 �� �g-�c� I��W '33Y� ��	� I"�c b(�f�  6� ;�

<-�� I3�1��, ;�� '� IN> '3s��  �� ;��O5

�*7�  	(�'5 �	R�0� ;'
� T(6-� ;�R)05/0p< (

)14(  . �: ;� �_8�L� o��� '�;�-81  '� ����*�R �

 ;��100  6� I7W �*('�? ��+� )���3��� 	c��

 B��2000  '�03� �: 	� jV0� �	1��� ���1�

�8-8 �R ���!��� <? B�U�1� ;�'� �: )1	� ;

)� 	1-� �	� )5��-M ���� 	1�.  D(� D34r�R

 ���?'� o��� '� �: 	1��� ]��+5 )��U3U � ��'5

 �y�!c H1�Q?)� ���(6 23 � U� ��(�� ��	

2/77 H(�'� �
g �\� ���3�3�  �(-_� � )R�

�8-8 �R B�� �� ��-�'> ;2020  �-� �4(+R)10( .

]�� )�V� �
g ).-4�� ;�R  ���!��� )(��6

)� �-�� ]�� ���� �? 6�  �R)� ��-�  )�V� ��

 )(�3�3� ��-� X�: �� )(��6) XR? �)d+g XR?

XR? �)>�=�-  � XR? ��(��', �-� ���?6-��-�

�'3^ � �(��', �-� ( �': �����)15( . 6� ���!���

                                                 
1 Laurie 

]�� D(� �(��'� �� 6�31 �R ���� )(\�� �38�� ;��O5 .

]�� D(� �� TW�� ��  � )(�4�'(6 ���3��� �� �R

 6�31 'R�� �-��',�)� 	��� )10�16(  .  

    ̀ e�x4� �x*4(� �x� �xg-� ��    ;���� Z\-x�_� )(��x���

�3_�g  '3Y�� � S: ;�R)� 	4����  ��1�*�� D34r�R

 ��	 � )�M��'(6 )x�  	x����    6� ���!�x�� D(�'��x4�

]�� �R; ]�� �� �7�1 '�'s-� � �4(+R S:  ;�R

  ���� �xxx3 g�� \�xxx� ;Q-xxx8-4*� � �	xxx3r3,)17( .

 ��>'5 ���1� ��_8�L� �� �g-� �� D34r�R )x�  ��-x� 

�4(+5  )(-�	3�� ;�R�8-8 �R   S3xf4� � I(	_� �pH 

 ��� ��
403, �� )>'N� <?)18( .   b(�x�1 �x� �g-� ��

    ���-xx�� Dxx(� H4xxg �xx: �xx_8�L� ��  6� Z��	xx�.

��4�':       ��'x�: � ��*3�3x� �S(+x34� � S3x��: ;�xR

 S(	����� ��01    ���-x�� Dx(� �3�V� �-f4� �� �O8

 6�IM��   �x8-8 K-LM )x�  ��-x�   X(�	('�:	3x�� 6�

B�xx_>'3^ �'xx: ���!�xx�� .�. z�'xx� 6� Ixx7W ��xx3�

 )x� )d-�	3��    x� �x: �x�(���     Px*� Xx( ��3x��

  �xx8-8 2xxM �xx1	� 'xx���'� �xx� �� )xx���? ���'xx=

)�� ���W �� �k(� -8 2M 6� )(�R vL� ;�� �: �8

��� D3�6 ( ����� ����?  	3�� H���3
�  �� �	�

   `x(�+� �x8-8 IM�� ��'x5 )18�19( .   �-xf4� D(	x�

)�    IxM�� <? ��x('g �	��� ��(��    TxLW �x8-8 2xM

�-��     �	xg '3x�� �x3U� 6� �8-8 2M 6� )0V� H��

 �-�) 'l:�	c100  ��8�c D('�
� �� � '��50  '��

	���(  �����? ��3��. �2M 6� 9��M �8�c ��  ;6��

 	3��);6�� `3W�  �6\ ;�xR (  ��x�1� �'x35 .  IW�	xc

 P4xx:�� ��xx�1� ;�'xx� �6\ ��xx�6   �	xx��	g � �xxR

�� �	3�� �� �	� Ic � �8-8 ��	g 6� ���-8  ��12 

    2(�'xx� D('xx� �Vxx� �� � �.�xx�24  �.�xx�

)� 	��� .  �x8-8 2xM D��� �� ��(�, �� 2xM �   ���x�?

�'
�  ;���'�)�  �-x� .     6� 	x_� �x�� 'x:t �x� �6\

  	xx(�� �	xx��� B�xxU�1� 2xxM �� �xx_LW Dxx(� ���� ��'xxW

 )16'�: ',-� ��3��.) �xL�^ ��mg/L 10 (  ��x�1�
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 � �'35     a'xN� K�xU1 �x� )1�x�'�? ��3��. H��

��'5 6�^? )19(.  

('� � ���� ��	W� X(T     6� ;'35-x�g ;�'x� '3s�x�8�

 )(-�	3�� 6� 	_� �8-8 K-LM D(� �� <-�� ���(�

 PR�: �B�U�1� 2M �	�� ;6�	1� ��� �pH    �x� <?

 z�7�� 	c '(6)� 	��� )18( .    ��7x�� � o�x�� 'x�

 ��	U� ��	� ���1�pH  ��	c 2M D(� �� z�7��8/6 

)� 	����     �>�x=� <? Dx(� �x� 	3�� ;��	U� 	(�� �O8

   ��	xU� �x� �-�pH       z�7x�� 	xc 'x(6 �x� �?)8/6 (

R�:	��( P .)d��1? 6� <? �:     2xM Dx(� �� �-xg-�

)� <'� a'N� �� 	���   PR�x: ;�'x�pH    'x�
�

 �	1��3W�� �-g� �: �-� ���!��� )(�R	3�� 6� ���

? �� �
1?��� ����	1 )��� ;�'� ;'LM �<	.  ��

 	x��� o'��� �� � ��6�� �;6�� `3W� I��W D�= 

� 	��� ���� +31 �? ���!��� B�c D3. �� . �'��x4� D(

 }3_xx= � `xx3W� X(�	('�:	3xx�� � Xxx34�': 	3xx��

 ��
4xx03, �-xxf4� Dxx(� ;�'xx�)xx� ��'xx5 . D3xx4r�R

)� ��-�     	3x�� ���+x>� Ix�. ��   �+xV� IxM�� ��

 ���1����       )>'xN� 	3x�� Sx�c �x8�c Dx(� �� �:

    �+xV� IxM�� <? Sx�c �� p��4�� )x�  	x���.   �x��

�r1�4�     ��x�1� �*7x� �� 	3x�� ���+>� I�. �'x35� 

)�  ��(���� p��4��   	3x�� ���+>� I�. �<? )��

 ���1��'35 .���1'� ���g 6�  � B'�4: �	� 6��� ;�R

<-�� ;'3/03, M �� ;��O5B�U�1� 2 �)�  ��-x�   �x�

���� ;�R	(�6��     �x� D3x�6 IxM�� �� �8-8 D>� �;�

    )x�	4R {x"� �x� ��'�R <? ;��� PR�: �-f4�

SM � �3,   <? )�Vx� � �3d�3�W PR�: � '3�� ;�R

 6�   �'x: ���x�� '/(� <? T��4� �� ;6�� `3W� `('e

)20( .  

  

������R � �(S�  

 � <? �:'� 6�  @��� ���x�'
� )(����� <=�>

 �xx(��c 'e�xxV�    �;���� �)8�xx� �xx71�g �xx�R ;�xxR

   B�x�: )��xU3U � �Q�', D(� 6� �'3^ � )R�/0(��6?

)� I�. �� )1�� �	W � '*0� 	(?.  
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ABSTRACT 
 

Background & Objectives: Corrosion in water distribution system introduces metals to 
convey system. Water with scaling potential can produce scale layers on internal section of 
pipelines and reduce internal diameter of the pipeline. Ongoing formation and removal of 
scaling cause difficulties such as accumulation of scale material in junctions, on the tap 
component, and so on. 
Methods: The aim of this research was determining the corrosion and scaling potential of 
drinking water in some rural areas of Markazi province and comparison of results with marble 
test. The characteristics of scale sediments will be different due to application of polyethylene 
pipes in this region. For this reason, temperature, pH, Total Dissolved Solids, Calcium, 
Calcium Hardness, Total Alkalinity, and Bicarbonate concentration were determined in the 
laboratory according to Standard Methods for the Examination of Water and Wastewaters 
manual. Finally, values of Langlier Saturation Index (LSI) and Ryznar Stability Index (RSI), 
and marble test were determined.  
Results: The results showed that the values for Langlier Saturation Index were positive (>0) 
and for Ryznar Stability Index were negative (<0). Therefore, average values for Langlier and 
Ryznar indices for Sarahrood village were equal to 0.44 and 6.97, respectively. The respective 
values for Joftan village with spring water supply were 0.38 and 7.25 and for well water 
sources were equal to 0.98 and 6.04. Primary alkalinity value was higher than the secondary 
alkalinity value in the marble test.  
Conclusions: According to the values of Langlier and Ryznar indices, water of this region 
tends to scale. Marble test also proved these results. Different methods have been 
recommended to remove formed sediments and among these, adjusting pH and periodic acid 
washing are the best introduced options for these regions.  
Keywords: Drinking Water; Scaling Potential; Corrosion; Scaling Index; Marble Test. 
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