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�G�! ��B�E��B:>��0)OT�� ! B,�!�:+ 9&�<� FB��UJ)�&� F�;�
��# F�<�
,��, TO F���`<
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���
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.���� !:���D�
�G .-��* @
� @5�#�S�b� K�12 ���$ K�2�3��a 

�$���* �$���%4#���&�@
� �4@5#�" ���*�
�� �$ �-K���I 
���� ���1
 *��>��"���� �-p2�: �2?�� � p�: H���* $� `�M:

g
22A* +��22?� !22��.(Anna Poorna & Janardhana 2015; 
Karamouz et al. 2008) 

�
M* ���&�
�G �>�2�- =RD2�* +$�F�*,2�; .-��*#$�� ��
?% ¢�6� 4!2� %4!2�3� !2��*� �j2G�4����*
2� #$�j2
 ��I�2?�)� 

0�N #�$ g
� #�" ����� #$��% ��bA�* #�$�
[ +��� !�� ..2 � 
(���*�� ���-� #�" ���#,� �1 � �0�,���� #�",<�� ���&�()�*

���,22� �!22�� �
��22�5 � $�>22� H��22�* ���$� �22��5 �22- @5#�22" 

����*�
� % 0"�2% �!2�3� �(�2�5 K5 K,2� 
�j2N �2" !2�� +,2� 
(AWWA 1984).$�H��2�* ����2& �4��,2�* =�
2c� � @�2�$

$�:�
,� ���� $� #�" U�b��� 4@5 4�"
B��- >�-$�� �"+�'�2�� �#�2" 
����& �
M* 4+,��T ���;����� �!��.(Kinsela et al. 2012; 

Amiri et al. 2014; Ehsani et al. 2014; Wang 2006; Zheng 
& Wang 2006).

	�$ #�" #����U,* K�h?" ��/� #�" 	�$ #��� #$�*5 #�"
	�$ �i:�� � �����k?" #�" @5 !2�3�T �2�$
- #�
2- �" #�2"

 2�� +,2� +��� ��2��� 4�,��* �$�M* � ��,"� e���
- ���*�
�� !
(Zhang & Zhang 2010) .��
F� �$�M* @
� #�"$�1-� �N�2�� 

K�h?"$���?� 4
��� �$�,���2��WHO� 4$�K�
2�� 12�� �$�,���2�� 
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|Y~� ���f* K�
2�� ����2& =�2b�b6� � �$�,����� )IRISI O2-�[ ( 
+��3�22�� !22��(Amiri et al. 2014) .H-��22� =�22���A* 7/�
22* 
=$�/I �,���:�-���$� �"
�*�$�N#%�3� @5#�" ����*�
� 2&�� ���

�J��� @5��3M� >%�'��:(Kinsela et al.)4�$
-�%!�3� @5
*��5���*�
�� ��,� �S�< Ratmao-Pathri Rao K����,�" $��% 

(Jing et al. 2014)4�$� �-�2� %!2�3� .-�2�* @5�2��*�
�� !2��
K�22-
�* (Asghari-mogham et al. 2015)4%!22�3� @5#�22" 

��222��*�
� K�$�222�h
 
2223�) +��1*�222*� !222��.(Azizi & 
Mohammadzadeh 2012) 

!22�3�% �222D�1�  ��?�222� ���'�222� =�122B  �>�@
222� @5
�"����$#K���
�� @�
�(Pourakbar et al. 2012)4�2��N #,2�- 

�23�% @5@
2� !2�� >��12[(Nasseri et al. 2012)4O22�B6� 
���222D* (�222�5 #
�j222N @5#�222" ��222��*�
� ��!222 5 0222% �222"

(Abrishamchi et al. 2012)4K�2D* �-�2� U�2M6��� @5@
2� 
!�� ,�)
�- 
-e��� �$�,����� 
��2�(Keshavarz et al. 2015)4
���N #,�- !�?� +�; #�" @5@
� K��?2�.(Allahbakhsh et al. 

2016) 
���N #,�- (��5 #
�jN K��2W-5 {��2: �2- �2)�� �2- =�
2��]� 
#
-$�2% �2S�$�(Mousavi et al. 2016) +��3�2�� 4��	�$ #�2" 
0P�22� ��$�� $��-�22��$� !22�3�% @5.(Oikonomidis et al. 

2015) 
!�3�% @5���*�
�� !�� K�P�� �-i:�2� �2N�
��5 K�� $��

(Amiri et al. 2014)4=�
��]� !�3�% @5���*�
�� $�K�����]* 
$� 
2c� ��2��� ����2& ���,2�*(Hofman et al. 2015) 0��2N �

�*,�;+$�� %!�3� @5���*�
�� $�U�]�
N(Junior et al. 2015).
�� 
F� �$�2M* #�$��2�% #�
2- (2���* #�2"$�D"�$ �� �2D�

 	�$ �� +��3�22�� 4��22)�* .-�22�* �223< #�22" #$�22�-5 $�22�  !226�
-5)#$�222� #�222" +
222A[ #���$�222- ��(!222�� .(NRC 1993; 

Ghaemizadeh & Akhevan 2014) 
�[�� �- �% !�� d�E �*�!�>�� ���*�� �"�!�B-�[ +��3�2�� @5

$� ��)�*K5�2" �2)�� �2���� ��2� (Seifi 2014).$��>2� *��2�� 
�-���$� %!�3� @5#�
2- �2��*�
�� #$�2�-5(Al-hadithi 2012)4

>���� H���* ,���* #�
)� ���*�� #�" K�2*
% !�� $� $��  !6� 
(Nashat & Nikpour 2010)4O�B6� %�23� � @5 �2��*�
� !2�� 

K�,?" (Ghaemizadeh & Akhevan 2014)4�23�f* #�2" %!2�3� 
<�
� $� 
cf*����*�� #�" -5#$�� +
A[ #�K��2�� K�2
�
� !�� $�

�W- U�6*$��; #$�2�(Ostavari, & Harchegani 2010) �-�2��$� 4
]�=�
22�� %!22�3� @5�22��*�
�� $��22�%
� O22M  $� #�22" �22B�W*

(Vorol & Davraz 2015)4gR2&� B6� 	�$ O2� 2�5(�j2N#
� 
DRASTIC @5����*�
� ,�" $� (Iqbal et al. 2015)4-��-��� �

�$��-�� 	�$ #�" O�B6� (��5 #
�j2N K��2W-5.(Hamaza et al. 
2015) 
B6�O�����NO�@5#�" ���*�
�� $�K���� �-(2�%
� �
2D��$ 

RS/GIS (Oikonomidis et al. 2.15) ��$��22��-�$�22%��U,22*
B6�O��5(�jN#
� DRASTIC �"$�2�% $�#�2B�W* (Kumar 

et al. 2015) (��5 �+,2���� K��2W-5 #
�j2N gR2&� 	�$ �2- ��$
 #��  +,�DRASTIC (Setayesh et al. 2014) ���B?) =�b�b6� 

O-�[ �)�� !��.
�� 
F� �$�M* ����& ���,�* �1�O2��?� @5�2- �
,2�$�: �

@��$ #$�j
 �-+��3��� ��i:�� #�" �
,�$�: @�2�$ �#$�j2
 

22B�_�E C�/2�� i:�22� O*�2�n)LSI 4(i:�2� #$�,22��N 
22�1��$o

)RSI 4(i:�22� �
,22�$�:v)AI i:�22� � (e�22�$�%�Nt)PI (
+,�P�� *����(Rezaei et al. 2013) ��$
- O�2����N �
,2�$�: 

�@�222�$ #$�j222
 @5@
222� +�222; �222" =��222�[ �K�P�222� $ 
(Malekotain et al. 2.14) �
,22�$�: �@�22�$ #$�j22
 @5

��,�*�2�5 
�2� 12�
/�(Taghipour et al. 2012) 4�
,2�$�: @5

�2� d
2: ��2-5(Alampiri et al. 1998)4!��2S� 
,2�$�:�@5

��,�*��5 �
%
�2�(Lalehzari & Tabatabaei 1999) �2����NO�

�$�:���� �D/� $�.�
�2� e�/I$,2�-(Mahvi et al. 2001) ��

� $� 7/�
* =����A* �B?)>�*���� .!�� ��0�2� O�E� +,?I #�2"
�* �-5 (�2�5 4.-�2�* !���,26* 4!2��?) 0��1 � �- K��� #
�j2N
J���� �*��
- � .-��* �
���5 4�" #1�$ �- #�" 02W- ����� $� ���$

��?� +$��� ����& � #�$���% (Karamouz et al. 2008).CR2�� 
�� !�3�% @5#�" �*�
�� ����N0�+$�F�*,�; ���5 �*,���� 
P�* 
�- 6& !�
�,*^���,2"� #�
2- (2���* H��2�* @�2W��� � �2��5�

�$�M* ̀ �2: ��2� �2- $�2�#�2% =�
2c� e�2D�* #�$ @5#�2" 
O[�,22< �22- �22��*�
��-,22�
 �!22��3< �22��*�
�� .-�22�* ��4O22-�[

 U�M<,��- .�
� �� 
'�� $�H���* 
��% #12%
* K�
2�� �$�2M* 

1Langelier Saturation Index 
2 Ryznar Stability Index 
3 Aggressive Index 
4 Puckorius Index 
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�$ �22* ,22/B� �22% ��22: d�122�d�22P�� �22b�b6� K�22*�
�N �22N0��223�% 
F�*,�;2+$� -2�i:�� "2#��;2���
, �2��N 
F�* �� �$ #,2�- ���2D* 
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�2- �2)�� �2- ��2/?% =�22���A* $��2��*� 0��2N %�23� ��22D* ��
K��W-5 #�" 4+$�F�*,�; >�� 0"�_N �-�?� �)�1��2�$
- �,2" �

@5 !��22S� #�22" �22��*�
�� K��22W-5 +$�F�*,22�; #�$��22�%s
��,�*s@
�s����2& !2�� �-�-
�2� 
2- e�2�� i:�2� #�2" 
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,�; (22����)4#�$��22�% #$�22�-5 +
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=$�22/I H22�b6� �22I
  ��,22"� 
22'�� ��22���- U,22* >�22��� �� ,22�
 � ���2?� 4#�
2% d�

�2�$�� $� � ��2M� #�2"
�]�* ���D* =�
��]�

 �- ���
	�$ #�" � ���P�
%IDW (1-3) #�
- |x�3�% 
�*�$�N
���N >��,� 4���
$��; �$�M* $� ��$
- �$�* 2M* (���� #�" �$�

7�226* $� +$�F�*,22�; GIS i:�22� e�22�� 
22- @5 (22���� #�22" :
+
222A[ #$�222�-5 4
��222� 4{%�222DB�� 4�
222�� =$��� ���$�222- � #� 

WHO  4IRISIi:�� 4@��$ � �
,�$�: #�" #$�j
LSI, RSI, 

AI, PI .

��"!� ! ���
 ��

�����\;�W
 ���
 ��W(
 

p-�-
�� 1�
-5 +��<s!��� �- ��-5 K���:�|wy �2- .-
*
�*�B�T
 C�23�$� 
�T�,<�XXY O[�,2< �|~�Y K��2�� �2-
G U�?2� $� 
2�*

 OD�) !�� �� 

 $�
[ K�*
%|(.>�*�2� +
3� >�� #�
2- @5 +,2��%
 4�2- 4d���2- 4��2�N) #�$��2�% =E�2M6* K�h?" �3B�W* �$�M*
 #�"��2��$ � �"
�2� � �-�-
�� K���
�� @
� @5 4($��� � $�'��
 .���2& 4Q�,2�* {2* K,2�* 4�?2�;
� {* K,�* .���& 4��
��
 
2- �2bA�* J�2B[� .!2�� �2��% � +��
2�  K���* 4@�a � {* �/�)

�� 	�$ e����* ��: 4>�$�* .,��- 

Fig. 1. Locations of the study area and the water sampling points 

B:������?� L�b� � ������A* �bA�* !��[�* @5 #$��
-
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+��� O�,/� #�
- H�b6� >�� $� �Ab� #�" +��� �2- #� �2�<�� #�2" �� #�
	�$ K�� � �22��P�
% #$�22*5 >�22*� #�22" $� �B22&�  {22DI �22"�

 7�6*GIS +��3����	�$ @�W��� #�
- � ,K��* (���* #�
- �-��
�22�b� �22��� �22��N #�22" 7�226* $� #,22�-GIS10.1 �-�22��$� 	�$ ��

 +��3��� O-�b�*��- H�b6� >�� $� .,���2D* =�
2��]� O2�B6� $�F�*
 U,2* 	��
2- �2- .,2� +��3�2�� d�

��$�� �� � ��M� #�"
�]�* #�2"

+��� �22I�?P* 
22- �22B�W* ) #$�22�� U,22* >�
22��- 4�22"γ(h) >�22- �� (
 U,2* #�22"$���* e�2�� 
22- �2��
 4���22?� 4#�
2% #�22"R2�RSS 

,�,� @�W��� (+,��?�[�- =��-
* C�?P*)(Goovaerts 1997).
�2- U,22* �
2DB?I �-�22��$� � �2���b* $�22F�* #�22"
�*�$�N �� 4�2"

RMSE 4MAE �R2+��3�22��,22� U,22* >�
22��- @�22W��� �� {22N .
 �2�E J�$ �- d�,[� 4�-����$� i:�2� ���2IR�� #�2" 7�26* $� �2"

ArcGIS 10.2 ��E �� �� 
" {k� .,� #�"�$�,���2�� e��� 
- �"
 U��,) $� +,� ���$�|�2�~�2�R% �2�b� !2���� $� � ,�,2� #,2�-

��E �/�%
� J�$ ����A* �$�* �bA�* #�
- �- �",�.

T!�U���b/� {%�DB�� #,�- 
Table 1. Wilcox classification 

QualityValueClassParameter 
Perfect10<S1 (Low)

SAR 
Good10-18S2 (Average)

Average18-26S3 (High)
Bad26>S4 (Very High)

Perfect0.25<C1 (Low)

EC (dS/m) Good0.25-0.75C2 (Average) 
Average0.75-2.25C3 (High) 

Bad2.25>C4 (Very High) 

��.�X_ >�8�* �4�&7�� 3���������%� 

���?� �� @5 #$��
-�}@5 72��� �2-�- 
�2� !2�� $� .2[�� +�;
�bA�* �2- @5 !2�3�% �2�$
- #�
2- .!2 

 d�P�� K�*
% #� $�2F�*

�b/� �� #�$���% U�,2)) {%�2DB�� #,2�-|!���,26* �2)$� 4(
U�,22)) ���$�22- #$�22�-5 	�$ #�
22- #$�22�-5 @5 �223�%zH22/� ( 

�$�,�����FAO 	�$ ����*�2� ���)�� =����A* �*�� #$�2�-5 #�2"
 $��  !6�(ISIRI 2008) U�,)) ,� d�P����2- .( �2�$
- $�2F�* 

�22b/� �� 4@5 @
22� �$�22M* ,22� +��3�22�� 
��22� #,22�- U�,22))X(
(Alizadeh et al. 1999) .i:�� �� i:�2� 4
2�1��$ 4
B�_�E #�"

 �
,�$�: O�B6� $� � ����& #
-$�% #�
- e��$�%�N � �
,�$�:
@��$ �+��3��� #$�j
,�U�,))~.(

T!�U �#$��-5 	�$ #�
- #$��-5 @5 !�3�% !���,6* �)$�

+
A[ #�(IRSI 2008) 
Table 2. Irrigation water restriction level for the drip 

system (IRSI 2008) 

Parameter EC 
(µmohs/cm) 

TDS 
(mg/L) pH 

No Restriction <800 <500 <7 
Low to Middle 
Restriction 

800-3000 500-2000 7-8 

Serious 
Restriction 

>3000 >2000 >8 

T!�UY����$�- #$��-5 	�$ #�
- #$��-5 @5 !�3�% !���,6* �)$�
(Hamza et al. 2015) 

Table 3. Irrigation water restriction level for the 
sprinkler system (Hamza et al. 2015) 

Parameter Na 
(meq/L)

Cl 
(meq/L)

HCO3
(meq/L)

No Restriction < 3 < 3 <1.5 

Low to Middle 
Restriction 

> 3 > 3 1.5-8.5 

Serious Restriction   >8.5 

T!�U=�@5 @
� �$�M* #�
- 
��� �$�,����� 
Table 4. Schuler quality chart for drinking water 

Quality Na+

(mg/L) 
Cl-

(mg/L) 
SO4

(mg/L) 
TDS 

(mg/L)
TH 

(mg/L)
Good <115 <175 <145 <500 <250 

Acceptable 115-230 175-
350 

145-
280 

500-
1000 

250-
500 

Average 230-460 350-
700 

280-
580 

1000-
2000 

500-
1000 

Inappropriate 460-920 700-
1400 

580-
1150 

2000-
4000 

1000-
2000 

Completely 
Inappropriate 

920-1840 1400-
2800 

1150-
2240 

4000-
8000 

2000-
4000 

Non-potable >1840 >2800 >2240 >8000 >4000 
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T!�U@�i:�� �&R: @5 #$�,��N #�"(NRC 1993; Ghaemizadeh & Akhevan 2014) 
Table 5. Summary of water stability indices (NRC 1993; Ghaemizadeh & Akhevan 2014) 

Index Equation Value Comment

Langelier 
Saturation 

LSI= pH - pHs LSI > 0 Supersaturate conditions and tendency to 
sedimentation of calcium carbonate 

pHs= (9.3+A+ B)-(C- D) LSI = 0 Equilibrium phase  
A= (log10[TDS]-1)/10 LSI < 0 Undersaturate conditions and tendency to 

decomposition of calcium carbonate 
B= -13.12 log10 (T+ 273)+ 34.55 

C= log10 [Ca2+ as CaCO3]

D= log10 [alkalinity as CaCO3]

Ryznar 
Stability 

RSI = 2(pHs) - pH RSI < 6 Supersaturate conditions and tendency to 
sedimentation of calcium carbonate 

6 < RSI < 7 Equilibrium phase  
 RSI > 7 Undersaturate conditions and tendency to 

decomposition of calcium carbonate 

Aggressive 
AI= pH- log(Alkalinity. Hardness) AI < 10 High corrosion 

10 < AI < 12 Middle corrosion 
AI > 12 Non-corrosion 

Puckorius PI = 2pHs- pHeq PI > 6 Corrosive 
pHeq= 1.46 log(T Alkalinity)+ 4.54 PI < 6 Sedimentation 

T!�UC�i:�� #�"�$�,����� e��� 
- ���5 �����- ,< � �-�-
�� !�� @5 �3�% #�"
�*�$�N #$�*5 #�"ISIRI �WHO 
Table 6. Satistical indices of the water quality parameters in Shar-e-Babak plain and their maximum limits according to 

WHO and ISIRI standards 
Parameter Minimum Maximum Average Standard

ISIRI WHO
pH 6.5 8 7.49 7-8.5 6.5-9.2 

HCO3 (mg/L) 61 488 217.2 150 150 
TDS (mg/L) 593 6078 257.9 1500 600 
SO4

2-(mg/L) 0 1608 657.6 400 250 
Cl- (mg/L) 142 5502 1103 400 200 

Ca2+ (mg/L) 40 800 230 300 300 
Mg2+ (mg/L) 12 360 90 200 300 
TH (mg/L) 0 3500 929 200 
EC (µS/cm) 912 15450 4310  500 
Na+ (mg/L) 104 2730 672 200 200 
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K��� #�"z���-(���* 	�$ K���I ���N � ,� +�� >�?W� 
� #,�-
�3�f* .,� @�W��� �" 

.����(�? �8;E
 3�(4 3�� 3���������0%� 5�%��4 X_ >�8�*

��2� >�� 3���4_ ! 37�!�2* X_ x%�(� 

OD� $�ze�2�� 
- �-�- 
�� !�� ���*�
�� @5 !�3�% =�b/�
�b/� eR% #�
- � #�$���% �$�M* ¢�6� �- {%�DB�� #,�- #�"

�22�E (22�%
� � �22B�W* #�22"EC �SAR �22- L�22b� >�22��� $�22F�*
(��5 -�2A* .!2�� +,2� �2��$� #
�jN OD2� Hz���2D* .2���� 4EC 

�* K��� �
2� �� �D;�2% !?2�[ 12) �2- K��2W-5 
�%� @5 �% ,"�
 eR% $� 4K��W-5C4 .�$�� $�
[ 

Fig. 2. Classification of water quality for irrigation uses 
according to Wilcox classification system 

B:����b/� e��� 
- #�$���% +��3��� $�F�* �- @5 �3�% #,�-

�b/� {%�DB�� #,�- 

!���
- ���*�
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 ,�$ #�
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G 4#122%
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+
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�22- !22�� >22�� $� #�$��22�% K�22D*� 4$�� >�22- �� O22% $�22��22� $ �
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�2� !2�� K��2W-5 #�
2- �/�%
� ��b� 4(#�

�$ �-�-2J2�- .,2��$� #�
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K�� �- �D�2D� �- K�2?) 
'�,22� .22�b� � ,�,2� �23�% i:�22�

T!�UM�U,* >�
��- =�MW�* i:�� � �"
�*�$�N #�"�?�
��]� J�� �- +,� +��� 	��
- #�" @5 �3�% #�" 
Table 7. Characteristics of the best models fit to half variograms of water quality parameters and indices 

Parameter Best Model Nugget effect (Co) Sill (Co+C) Range of influence 
−2

4SO (meq/L) Spherical 0.05 0.34 26550

−Cl (meq/L) Exponential 0.18 0.69 5200
−
3HCO (meq/L) Gaussian 0.05 0.34 26580

Anion (meq/L) Exponential 0.05 0.45 5180
pH Spherical 0.0004 0.003 9700

TDS (mg/L) Exponential 0.07 0.39 4580
TH (mg/L) Exponential 0.26 0.52 4680

SAR Spherical 0.0001 0.17 6810
EC (µmohs/cm) Exponential 0.03 0.39 4750

Na+ (meq/L) Spherical 0.001 0.46 8010
Mg2+ (meq/L) Exponential 0.25 0.61 6900
Ca2+ (meq/L) Gaussian 0.35 0.59 9600

LSI Spherical 0.05 0.34 7600
RSI Gaussian 0.36 0.84 10910
AI Spherical 0.02 6500
PI Gaussian 0.002 0.005 14080
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Fig. 3. Water quality classification according to the standards recomemnded  
by Power Ministrfor application in drip irrigation systems 
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Fig. 4. Water quality classification according to the standards recomemnded by Power  
Ministry for application in drip irrigation systems  
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Fig. 5. Water quality classification for application in drip irrigation systems according to Schuler system 
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Fig. 6. Zoning of groundwater total dissolved and sulphates for Shahr-e-Babak plain aquifer 
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Table 8. Percentages of land areas of the study subbasin according to water quality 

Agriculture (Wilcox classification) 

Class C3-S1 C4-S1 C4-S2 
Percentage area 6.9 45.3 47.8 

Drip irrigation (ISIRI classification) 
Status No restriction Low to middle restriction Serious restriction 

Percentage area 0.1 52.3 47.6 
Sprinkler irrigation (ISIRI classification) 

Status No restriction Low to middle restriction Serious restriction 
Percentage area - 71 29 

drinking (Schuler classification) 
Status Acceptable Average Inappropriate Completely Inappropriate 

Percentage area 1.3 41.5 56.3 0.9 

���N K�2� #,2�- !2�� ���2& J�,2� � 
2B% #�2" OD2�)X��2)� .( 
$� E�- =�3��� !?�[ K,2� @�BA*�2� U�2?�<� 4!2�� �2-
G #�"

�$ @5 !�3�% 4�2�b� >2�� $� .!�� +�
% H���* 
��� �� 0�-Y|/Y
,&$� 4=�3��2� 
2F� �� @5 @�2: !2�3�% #�$�� !2�� !<�2�*

Y~/|[ !�3�% #�$�� ,&$�2/[ O-�2?�[ $� U�2!"222� #�22[
24�
x~/X�&$�222222�3�% #�$�� ,222�*�� !24(�� y/~X#�$�� ,22&$�

 � ,2- !�3�%~w/Y.!2�� @
2� O2-�[ Z�2�[�* !2�3�% #�$�� �2�b�
�22��N e�22��
- �22-�- 
�22� !22�� �22��*�
�� @5 !22�3�% #,22�-

NK�� H�
� �� +,� 
%a #�"
�*�$� >2�� $� .,2� �$�5
2- �2A: �"�
 �2��N �� O&�< ���*�
�� @5 ����� !�3�% g�A� 4	�$ �2�B% #,2�-

�3�f* �- �" 4K�2�D� !2�?"� �2- � #
2/) .?) e��� 
- ���
�,) $��
k?"2��2�� ��b� � ���2��� ���2�2�OD2�) ,~�2- .( OD2� �2- �2)��

 @5 #�$�� H���* 4$�-1* !?2�[ $� U�2/[ O-�[ !�3�% �- ���*�
�� 
�2% !2�� �2� 

 $�
2[ (+�2; �� 7b ) !�� �[
��/|�� ,2&$� 

+��� `�22M�:� ��22: �22- �$ !22�� !<�22�* =�22b/� �22- H��22�* .,22��
!?�[ $� (���*�� �[
� @��) � �[
� U�?� 4���?� 4�[
� #�"

+,� .[�� !�� O*�� �% ,��~/X|�* !�� !<��* �� ,&$� .��� 
���* $� !2�� �-
G @��) � @��) 4@
G 4�-
G U�?� 4#1%
* H

�2� 

 $�
2[ ,2- @
2� �b/� 12�� H��2�* >2�� �2% ,2���/~x,2&$�
 �2* 
-$� �$ !�� !<��* .,2�
�
 w/Y12�� !2�� !<�2�* ,2&$� 

72b  .,��2�" @
G !?�[ $� @
� O-�[ Z��[�* !�3�% #�$���/|
� U�/[ O-�[ !�3�% �- @5 #�$�� !�� !<��* �� ,&$� !2�� @
 

�[
2� !?2�[ $� +�2; �2� O*�� �% �2* !2�� ��2� U�,2))}(.
�* �F<R* >��
-��- !2�3�% 
2F� �� !2�� �2��*�
�� @5 �2% ��2�

�* 0�N @�BA*�� !?� �- @
� #
�
�2B) d,I =$�& $� �% ��$
@5 �
���5 �� U�� $� ���*�
�� #�" �5 #�"2- !��S� >�� �22�,2


.,� ,"��: 

.�=��(�? �8;E
 3�(4 �X_ �+����/ ! 3��`$4�%� 3� 

?"2OD� $� �% $�A��y�* �F<R* ���.*�?�2!?�[ �!2�� #�"
 �2* �2% !2�� ,�,� $���- �
,�$�: !��S� #�$�� �� �2��� ,2����

 K�2; �2% ,� �$�5��� ,��- ��/�� .,��- !�� >�� $� K���* ��)�pH 
�� 
�?% �$��* �*�?� $� @5}i:�2� 4e��$�%$�N i:�� 4!��

/���* �2?� @�2�< �2- #$�j'-��$ �� �
,�$�: 0��?� #�
- �,2�5
(Setayesh et al. 2014) 
���22b* .TDS �TH $� @5 #E�22-

!?�[ 
�,I�2�* �$ @�2�$ O�D2�� #�
2- 7��
� 4!�� �-
G #�"
�* ,�% �* �
�$�: 0"�T (/� �T ��� =�3��2� !FBG K��- E�- .

 @5 �
,2�$�: ,�,�� (/� �$�,����� ,< �- !/�� �2��*�
�� #�2"
 �-�-
�2� !2�� �2��*�
�� @5 4���2�� e�2�� 
- .!�� +,� !��

 i:�2� �'��/?" .�$�� �
,�$�: �- O��?� �
,2��$�: #�2"LSI 4
RSI 4AI �PI �3�f* ���b� e��� 
- ���5 #�" ,2� �/2��6* ���5 #�"

 U�,))w.(U�,) �- �)�� �-w�23�f* �*�2?� >�- �'��/?" 4�2- �2"
 �3�f* �� 1)TDS- HCO3�TDS- pH ��*�) ��2- $��p < 0.01 .(
 �'�22�/?"pH-TH �$122- �22�1) $�,22b* �22- �� 
22� �'�22�/?" 
pH- TDS �'�22�/?" � ��22-pH- HCO3�$122- $��22�- �� 
22�

�22* >��
-�22�- .��22- O22/[ �$�22* �� �'�22�/?" 022b� �22% !223
 K��22�
-���B[ $� =��-
%�2% �2K�
pH ��- @5 222 02b� �� 
�TH �TDS 

��22�� .!2P��� >2�
%
�2� �2��*�
�� @5 �-���$� $� �(Lalezari 
& Tabatabaei 1999) 



���% �� l3�3 ��' ��
V3C ;S�T ���3.... dx.doi.org/10.22093/wwj.2017.45410 

102 ���������	
���
��������� � �� ����

Fig. 7. Water quality zoning accordiong to corrosiveness and sedimentation indices 
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Table 9. Pearson correlation coefficents of corrosiveness maps and their components in Shahr-e-Babak aquifer 

Parameter TDS Ca HCO3 pH TH LSI RSI AI PI 
TDS 1 0.72* -0.03 0.006 0.74* 0.45* -0.54* -0.78* -0.74*

Ca 1 0.22* -0.14* 0.98* 0.52* -0.67* -0.89* -0.89*

HCO3 1 -0.64* -0.13* -0.82* 0.79* -0.12* 0.52*

pH 1 -0.18* 0.72* -0.56* 0.42* -0.21*

TH 1 0.45* -0.59* -0.92* -0.85*

LSI 1 -0.98* -0.23* -0.82*

RSI 1 0.4* 0.91*

AI 1 0.74*

PI 1
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