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1. Water Quality Index (WQI)
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Fig 2.Geology and Geographical situation of Sarab plain



l��������	
���
���������
������� �"! "�#�"$%&'()���*+�����,-��

�����1���(�
�L���
��3O)/�>
�K�%��+���������k���
��j������1
��%��=/ �0� �Ck0�
��1 �J��@/ ���TR �>,
��� ��&� �L)�/0�%0 �j�
�;�)U�C��\�M/�&�L)�/0�%0�j��>#3:#�9sL%��:�&
�����k����/����
���"�#���L��)&�j����"�%�/0������8s8���/���������>1�>:�\�

�����>#3:# ���R�#� �0� �q� �K�%��+ �������� ���#�3
 ���& ���R�#� ��%�,!
�jdG��,W#�k������&�Cj�����&��j��.
�)/�0����&��&���

��,W# �CXKRZ8L41 ��,W# �CXPIZ7L%�
��! ����& �CXSARZ�H%��
��*���CXRSBCZf��#�/�LU�
�H%���;�)
�1�L
�CXMARZ9H%��)/�jdG
�>=Q)/�L
�	�#��.
�)/�k��
�L�%���R���%����
�XSSPZiH%���F6T#�

K�#�&�>,��T/�>(R�Q/���3/
�;<3@T/����
��Q����A%��c5�
�C�!<�
�'�%���R���%�������=/
�
�j��jdG�
��&����3�������+���:�����R�(B�D��1�M�R��>


K��9������'/����U�����!��T!��������0���d�/���3/
����
 �H%���jdG��,W#���/���� ��
 ��%��4U ��Q���% �H%������=/
�j��H%������=/��,W#��*���CH%���F6T#� ��*���K�i���3&�L/
��*��ir�0���!<�
�H%����*���K�77����������3�!�1�M1�>
�L)�/0�%0
�C������:�����v%�	!�}<�:���
�H%���L"�&�,#�������
�����I�:/
�j� �����1 �L
�%0�� ��� �H%�� ��O4x �K�p� ��&�
 �L+�0�3� �
 �|3�#

1. Sodium Absorption Ratio (SAR)
2. Permeability Index (PI)
3. Kelley’s Ratio (KR)
4. Magnesium Absorption Ratio (MAR)
5. Residual Sodium Bi-carbonate (RSBC)
6. Soluble Sodium Percentage (SSP)
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SAR SSP RSBC PI MAR KR EC
0.08 7.5 -13.1 29.4 9.5 0.03 185 Minimum MU���
47.2 75.9 8.2 91.2 51.1 7.6 3400 Maximum �Y1���
2.6 53 -0.9 55.3 28.7 0.6 952 Average I�"#��/
6.9 12.9 3.6 14.4 10.1 1.2 750 Standard Deviation ���(/�J��T#�
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Fig 2. Fuzzy Inference System [25]
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Fig 4. Sodium Soluble Percent membership function
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Table 2. Membership functions of used input parameters in fuzzy inference model 

F�/�k�
�
Model Input

mH1om?�3�/om<�
o
LowModerateHigh

A=BCDABCDABC=D

H%���jdG��,W#Sodium Absorption Ratio047371013101450

LR6T#��H%����*��Soluble Sodium Percentage03542284257675567100
��#�:�U�
�;�)
�1�L
�

H%��
Residual Sodium Bi-carbonate-13.10.51.50.51.252.53.522.89

L%�
��!����&Permeability Index03644334256625062100

H%��)/�jdG��,W#Magnesium Absorption Ratio03542364458665563100

L41��,W#Kelley's Ratio00.355 .00.35 .00.650.90.650.99

L�%���R���%���Electrical Conductivity069580060078030003500280034004000

m�	��IN(�h4���	���m3�I�[�E�h�#?��;�	��j��Up�B?N
Fig 5. Spatial variation of Sarab plain groundwater quality
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Table 3. Comparison of crisp values and decision making results based on fuzzy approach
k�
�
�k����/�����L(QU��%��=/

k0�B�N
��>
�k��+�H�:@!
decision making based on fuzzy approach

>#3:#����:&
Sample NoKCrisp Values of Input Parameters

SAR SSP KR MAR RSBC PI EC
2.0 47.5 0.5 31.6 -2.1 51.3 1510 Xf7zsZ�F3,U�M
�UAcceptable Xf7KsZ �
0.8 59.0 0.2 27.8 -1.2 48.5 580 Xl9zlZ�j34Q/�Desirable Xl9KlZ �
0.5 64.6 0.2 25.0 -0.9 48.4 510 Xf9zpZ�F3,U�M
�U�Acceptable Xf9KpZ �
3.2 29.0 0.7 51.1 -3.9 55.5 1460 Xf7zsZ�F3,U�M
�U�Acceptable Xf7KsZ ²
1.7 38.0 0.4 46.1 -2.3 51.8 1020 Xi8ziZ�F3,U�M
�U�Acceptable Xi8KiZ ³
1.5 37.5 0.4 50.0 -2.2 47.1 880 XifZ�F3,U�M
�U�Acceptable XifZ ´
3.5 51.4 0.5 25.6 -19.7 38.9 3400 X9rzsZ�F3,U�M
�U�Acceptable X9rKsZ �
0.1 62.1 0.0 36.8 -0.6 53.3 290 XflzlZ�F3,U�M
�U�Acceptable XflKlZ �
0.2 57.4 0.1 40.5 -0.8 51.3 325 Xf7zsZ�F3,U�M
�U�Acceptable Xf7KsZ �
0.3 46.6 0.1 48.1 -0.6 62.1 185 Xf7zsZ�F3,U�M
�U�Acceptable Xf7KsZ ��
0.3 59.2 0.1 33.3 -0.3 62.5 290 Xl8Z�j34Q/�Desirable Xl8Z ��
1.5 51.7 0.4 26.4 -2.1 53.8 740 Xifz9Z�j34Q/�Desirable XifK9Z ��
5.2 38.3 0.9 27.6 -12.7 53.8 3000 X99z7Z�F3,U�M
�U�Acceptable X99K7Z ��
2.8 54.0 0.5 19.5 -7.4 45.9 2130 Xf7zsZ�F3,U�M
�U�Acceptable Xf7KsZ �²
2.0 53.0 0.5 23.0 -6.0 44.6 1200 Xf7zsZ�F3,U�M
�U�Acceptable Xf7KsZ �³
1.5 66.2 0.3 16.3 -12.6 29.4 1765 Xp7Z�j34Q/�Desirable Xp7Z �´
0.6 69.3 0.2 20.5 -5.0 31.0 847 Xp8Z�j34Q/�Desirable Xp8Z ��
1.8 54.9 0.4 24.1 -6.1 42.7 1330 Xifz9Z�F3,U�M
�U�Acceptable XifK9Z ��
6.1 30.7 1.9 17.7 2.9 85.2 1300 X78z9Z�F3,U�M
�U��x�Unacceptable X78K9Z ��
15.6 20.0 4.2 16.3 7.1 91.2 3230 X�pzfZ�F3,U�M
�U��x�Unacceptable X�pKfZ ��
0.9 63.2 0.2 23.0 -1.4 47.5 760 XfpziZ�F3,U�M
�U�Acceptable XfpKiZ ��
0.8 64.3 0.3 20.1 -0.8 53.3 660 XfizlZ�F3,U�M
�U�Acceptable XfiKlZ ��
2.8 42.2 1.3 13.1 0.9 89.2 584 X8lZ�F3,U�M
�U�Acceptable X8lZ ��
1.3 50.4 0.4 28.8 -0.6 60.9 600 Xifz9Z�j34Q/�Desirable XifK9Z �²
0.8 48.8 0.2 40.7 -2.1 46.6 620 Xfiz9Z�F3,U�M
�U�Acceptable XfiK9Z �³
0.2 49.9 0.1 46.7 -1.0 46.8 310 Xf7zsZ�F3,U�M
�U�Acceptable Xf7KsZ �´
0.5 52.8 0.2 36.4 0.0 70.2 254 Xp8Z�j34Q/�Desirable Xp8Z ��
1.0 56.7 0.2 31.0 -4.7 37.0 1130 Xp7zfZ�j34Q/�Desirable Xp7KfZ ��
2.1 56.6 0.4 23.1 -12.5 36.1 1900 Xl9zfZ�j34Q/�Desirable Xl9KfZ ��
47.2 7.5 7.7 36.0 -14.2 89.8 1656 X�lz9Z�F3,U�M
�U��x�Unacceptable X�lK9Z ��
1.8 55.1 0.5 18.0 -2.6 54.7 870 Xf7zsZ�F3,U�M
�U�Acceptable Xf7KsZ ��
1.8 52.5 0.4 28.7 -5.2 43.2 1350 Xifz9Z�j34Q/�Desirable XifK9Z ��
0.8 69.6 0.3 9.5 -0.6 59.7 450 Xf7zlZ�F3,U�M
�U�Acceptable Xf7KlZ ��
0.4 61.6 0.2 28.4 -0.1 64.5 310 Xi�zfZ�F3,U�M
�U�Acceptable Xi�KfZ �²
1.1 48.1 0.5 29.9 0.0 71.4 360 Xf7zsZ�F3,U�M
�U�Acceptable Xf7KsZ �³
0.9 58.0 0.2 30.3 -3.6 38.6 835 Xp�zfZ�j34Q/�Desirable Xp�KfZ �´
0.6 63.0 0.1 28.1 -2.5 39.4 800 Xifz8Z�j34Q/�Desirable XifK8Z ��
0.8 63.4 0.2 24.0 -2.5 41.1 870 XirzlZ�F3,U�M
�U�Acceptable XirKlZ ��
1.6 53.7 0.4 27.0 -6.1 41.3 1200 Xifz9Z�j34Q/�Desirable XifK9Z ��
0.3 62.5 0.1 33.0 -1.7 36.6 760 Xl7zlZ�j34Q/�Desirable Xl7KlZ ²�
0.5 55.3 0.2 34.8 -0.7 55.0 320 Xp8Z�j34Q/�Desirable Xp8Z ²�
0.4 53.7 0.1 38.5 -0.6 56.0 300 XilZ�j34Q/�Desirable XilZ ²�
0.7 75.9 0.2 11.2 -2.6 39.5 800 XifZ�j34Q/�Desirable XifZ ²�
0.9 54.5 0.3 31.8 -0.2 57.7 540 Xp�zlZ�j34Q/�Desirable Xp�KlZ ²²
1.3 56.1 0.3 26.0 -2.8 46.1 860 Xp8Z�j34Q/�Desirable Xp8Z ²³
0.5 68.1 0.2 17.1 -0.1 64.4 300 Xf7zsZ�F3,U�M
�U�Acceptable Xf7KsZ ²´
0.8 68.8 0.2 14.5 0.1 56.0 540 Xf7zsZ�F3,U�M
�U�Acceptable Xf7KsZ ²�
0.8 50.7 0.3 37.0 -0.6 59.1 320 Xp�zsZ�j34Q/�Desirable Xp�KsZ ²�

1.4 43.6 0.5 36.2 -1.0 62.9 430 Xf7zsZ�F3,U�M
�U�Acceptable Xf7KsZ ²�
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of groundwater was studied. In recent years, fuzzy-logic-based methods have adjusted to spot uncertainty in 
environmental problems. In this study, the 49 groundwater samples of Sarab plain in 2014 that analyzed in 
Hydrogeology laboratory of Tabriz University was used. Values of irrigation indices including the Sodium 
Absorption Ratio, Permeability Index, the Kelley Ratio, Magnesium Adsorption Ratio, Residual Sodium 
Bicarbonate, Dissolved Sodium Percentage and Electrical Conductivity as an indicator of total dissolved 
����#�	��	�����	���	���#	��	����	���������	
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rejected category with the maximum certainty level of 23.4 percent.   
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