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This study was aimed to investigate the risk of chemical damages originated from 

water quality on concrete structures of Voshmgir dam and its irrigation network. 

In this regard, field survey and water sampling from the dam and its network were 

carried out in June 2022. In order to determine the intensity of water chemical 

aggression to concrete, the results of water quality tests were analyzed using soft 

water aggression indices and well known international standards. Also, the 

temporal changes of water chemical aggression was investigated using the data 

received from Golestan water authority. Langelier and Ryznar indices for dam 

water in June 2021 are -0.6 and 8.6, respectively, and based on these indices, the 

dam water is corrosive and very corrosive, respectively, and the concrete structure 

of  spillway is exposed to severe soft water attack. In all studied months, there has 

been aggression risk of at least one damaging agent to concrete. In December 

2021, Ryznar index was 8.49 and the amounts of sulfate and magnesium were 400 

and 199 mg/liter, respectively, and there has been a risk of simultaneous 

aggression by three factors of soft water, sulfate and magnesium. Assessment of 

water quality of Voshmgir dam in five months showed that the water is corrosive 

in four months and there is a risk of sulfate and magnesium ions reaction with 

concrete in two months. So, to protect the spillway’s concrete structure and lining 

of irrigation canals against leaching by the corrosive dam water and damages 

originated from reaction of sulfate and magnesium ions with concrete, utilization 

of epoxy coatings is suggested. 
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Table 1. Characteristics of Voshmgir dam and its spillway (Yousefi, 1991) 

Voshmgir dam characteristics Value 

Reservoir capacity in normal level 42 million m3 
Lake in normal level 15 km2 
Elevation of spillway 20 m 
Reservoir level in design flood 21.5 m 
Maximum capacity of spillway 1400 m3/s 
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Table 2. Chemical analysis of water sampled from Voshmgir reservoir and operation gallery of its spillway 
(sampling date April 2022, the units of ions concentration, CO2 and TDS are mg/l) 

Location of water sample 
Longitude Latitude 

pH EC (microS/cm) TDS Ca2+ Mg2+ HCO3
- CO2 

D M S D M S 

Voshmgir Dam 54 44 10 37 12 34 7.51 1762 1128 32 87.5 225.8 17.6 
Voshmgir dam drainage gallery I 54 44 11 37 12 33 7.11 7900 7000 192 439.8 97.6 15.8 
Voshmgir dam drainage gallery II 54 44 13 37 12 32 6.64 12830 12000 308 274.6 54.9 17.6 
Voshmgir dam drainage gallery III 54 44 14 37 12 31 7.21 15970 13000 288 435.0 79.3 14.1 
Voshmgir irrigation network (main canal entrance) 54 41 31 37 12 28 7.14 1745 1117 56 199.3 231.9 14.1 
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Table 3. Monthly water quality data of Voshmgir reservoir received from Golestan water authority. TDS, Hardness 
and ions concentration are in mg/l 

Date EC (microS/cm) TDS  pH SO4
2-  NH4

+  Mg2+ Ca2+  HCO3
- Total Hardness 

2021/11 2920 1839 8.2 84 0.1 170.2 180.4 280.7 1150 
2021/12 4530 2853 8.1 940 0.8 194.5 200.4 244.1 1300 
2022/03 1124 708 7.6 80 0.4 82.7 44.1 402.7 450 
2022/04 1834 1155 7.8 320 1.0 88.7 94.2 292.9 600 
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Table 4. Degree of corrosiveness of water based on Ryznar index 
RSI  Inference (Ryznar and Langelier 1944) 

<5.5 Heavy scale will form 

5.5-6.2 Scale will form 
6.2-6.8 No difficulties 

6.8-8.5 Water is aggressive 

>8.5 Water is very aggressive 
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Table 5. Sulfate aggression levels and cement requirements (USBR, 1981) 
Relative degree of sulfate attack mg/l sulfate (as SO4

2-) in water samples 

Negligible 0 to 150 
Positive (1) 150 to 1500 

Severe (2) 1500 to 10000 

Very severe (3) 10000 or more 
1. Use type II cement. 
2. Use type V cement, or approved combination of Portland cement and pozzolan which has been shown by tests to provide comparable sulfate resistance when 

used in concrete. 

3. Use type V cement plus approved pozzolan which has been determined by tests to improve sulfate resistance when used in concrete with type V cement. 
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Table 6. Limit values for evaluating the aggressiveness of water to concrete (Biczok, 1972) 

Aggressive agents 
Intensity of attack 

None to slight Mild Strong Very Strong 

pH >6.5 6.5 – 5.5 5.5 – 4.5 <4.5 
Lime-dissolving carbonic acid (CO2), mg/l <15 15–30 30–60 >60 
Ammonium (NH4

+), mg/l <15 15–30 30–60 >60 
Magnesium (Mg2+), mg/l <100 100–300 300–1500 >1500 
Sulfate in water (SO4

2-), mg/l <200 200–600 600–3000 >3000 
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Table 7. Aggressiveness of water in relation to its concentration of aggressive agents and pH: stagnant or slowly 

flowing water (French Standard P18-011, 1985) 
Condition Slightly aggressive Fairly aggressive Very aggressive Extremely aggressive 

Protection level* 1 2 2 3 

Aggressive agents Concentration in mg/l 

Aggressive CO2 15-30 30-60 60-100 >100 
SO4

2- 250-600 600-1500 1500-6000 >6000 
Mg2+ 100-300 300-1500 1500-3000 >3000 
NH4

+ 15-30 30-60 60-100 >100 
pH 6.5-5.5 5.5-4.5 4.5-4 <4 
* Protection levels: 
1. Not special measures. 
2. Adaptation of composition and implementation to the conditions of the environment (proportion of cement, category of cement, W/C, curing, additives) 
3. Necessity for external protection (coatings, paint) or internal protection (impregnation). 
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Table 8. Sulfate attack classification based on SO4 concentration in water  

(Canadian Standard Association Standard A23.1, 2019) 
SO4

2- ion concentration (ppm) Severity of attack 

<150 Negligible 

150-1000 Mild but positive 
1000-2000 Considerable 

>2000 Severe 
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Table 9. Chemical analysis of Water sampled from Voshmgir reservoir in April 2022 along with the aggressivity indices  

Sample pH 
EC 

(microS/cm) 

Ca2+ 

(mg/l) 

Mg2+ 

(mg/l) 

HCO3
- 

(mg/l) 

CO2 

(mg/l) 

SO4
2- 

(mg/l) 

Langelier  

index 

Ryznar  

index 

Voshmgir Dam 7.5 1762.0 32.0 87.5 225.8 17.6 71.9 -0.6 8.6 
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Figure 1. Concentrations of Mg2+ and Ca2+ in mg/l present in water samples in April 2022 
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Figure 2. Total dissolved solids, EC and Hardness for water of Voshmgir reservoir and different locations of its spillway’s 

gallery in April 2022. 
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Figure 3. Deposition of Leached materials out of concrete on the wall of spillway's gallery (photo taken in April 2022) 
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Figure 4. Corrosion signs of embedded reinforcement in concrete structure of Voshmgir dam’s spillway  

(photo taken from operation gallery of spillway in April 2022) 
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Table 10. Water quality characteristics of right irrigation canal of Voshmgir network in April 2022 

Location of water sample pH EC Ca2+ Mg2+ CO2 SO4
2- Langelier index Ryznar index 

Voshmgir irrigation net 7.14 1745 56.00 199.26 14.08 400.35 -0.68 8.49 
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Figure 5. Temporal variation of Langelier index for water of Voshmgir reservoir 



362                                        ������ � 	� 
����� ���� ������ ����� � ����1402 

   
Figure 6. Temporal variation of Ryznar stability index for water of Voshmgir reservoir 

  

P����V! ���� �8 SI�C���
# ����X# ) T�C ��6�
C ���� ���� (  ;1� .I �� � 0	�� 8/6=RSI  �5/8=RSI  ��

�5#  T�C%� B�!�! ���� �
�-� +� � �
��)I K� ����� �� SI�C ��
; %v���U .
�A+- �
��)I��X# � ���#  .I

8/6=RSI ���� ;1� .I ��� 8/6=RSI  �5/8=RSI  ��# W���  .I5/8=RSI � ���]����  K�%� B�!�! p��  ��
��)I

+� � �
��)I��� :7�W SI�C EjI �� .�)� 
-�)I �
��)I��� �� SI�C �
] �-��X# u�X� �!  �
C��0�`�I �
��)I�  K�

�R� �!  .0	���D- �)  �� %�T�C ��- )5) � (6 �
-�� (� ��)C  
���P����V! ���� 0�`�I ��
��)I  �Xl K�

SI�C [�	��� �-� :7�W�� �� ���X# ���� �� .0	� %��� �-� ���� V! %�P���� :7�W SI�C�� �-��� �# �X1���#  �0	�

�� SI�C��X# %� B�!�! �X1�R#  R-�� �%A1�#  0	� .�� SI�C��X#  ���^� �� �Xl K�1400 ����1 �5#  ��1401 

%� B�!�!  �����93/6  �30/7 � �� �Xl K� � 0	�5# `�I �� ��0� � .���� �
��)I5# :�G ��� :7�W SI�C %� 0	��� 

� ��5# `�I K� � 0�� �� ��0� K)	� ��_�� � .����5# �! �� SI�C �� EjAI�5�� �� �� K� n)� �-� �^� 1400  �

����15# 1401 �C��  �� 2���� �)O� ����+J! :7�W SI�C 0�� ��
;�� A]� �]�� �� .0	�� :7�W SI�C��  0��

%� 0	� � �
#� D�� ��)! %� �)  �H]� p ��) ����  �
��)I�# K)	� �� � ��� �M� ���t� K� ��)� ��_�
# �� SI�C ����X# 

) �)C ���JA	�Ryznar, 1944 .(  

O)! ��) T�C %� %6 SI�C (��X#�� ���� �� �� 1400  �����57/6 N� � `�I �� �� �!0� �
��)I� ) K�8/6 ���^� �� .0	� (

1400  �� SI�C��X#  �����93/6 � �� 
	 K� �5# �� SI�C .0	� �
��)I ����X#  ��
�J	� ��1400  �����71/7  �� � 0	�

���] �)O����� G�� ��%� ) �
��)I K�8/6  �!5/8`�I �(0� DO��!�  ���^� %� 0�+� K�1400 �X1�R# %A1�#   T�C �� .0	�

)6 �
-�� (� �)C  ��
�J	� �� %�1400  �!5#����1  ��1401 SI�C ���X#��  ���
�� %�41/0  R-��%A1�#  �)O� �� �

�
��)I  P
C �� �
	 K� ��)��DO��! �
C %A	�� K�   .0	�R�� 5#�! C�A� ���	 %� 2�� K� NO��! P
� ��	X# "DC� 
	�� 

 (�	 ������I ��1401 � �� .0	�5# �� SI�C ����X# �R�  ��5/8 +� K� ���
/ �� ���� ) T�C �� .0	� �
��)I6 (

 �
-��� �)C  �� %���� .���� �)O� 2�� K� NO��! �HI � 0	� �
��)I 
	 K� �� ���U �� ��
C %�:�H �� Q�8  

 ��) T�C7 (P����V! ����  ��
;�)# N�+3�  
	 �Xl K� �� �)O)��"DC� �
C ���� ����  �� �� .0	� �-� 

 �^� � ����1400  
	 K� %�%� B�!�! p�� D� � �
��)I� �
A�� %H;� ��) 0	� �
��)I�#  T�C ��6 ��
; �(�)# +3�N� 

 
	 K� �� �)O)R�� 5#�!  �� �� �)I ��
;%+#�;  ���#�	 ��  .���� �-5#�  �� 0:W� n)F)T#�D!  �! N�X�U��  
	 K�

 %��#)��� N�+3� 
�+���
�-  �� 5A� ���� ��-  (�	 �^� � ����1400  �� T��; �� .���� ������I1401  0M3p %��)# 

+3�N�  ����� 
	 K�32 �3� 2�� : ���A� N� � �!5#  �� ��
;��� �#�	 ��  SI�C s��H �0	� �-���X#�  
	 K����+� 

 %H;�) 0	� �
��)I�#��A�� T�C ��- 6  �7%� .( ��p  ���� ��-  �^� � ����1400 �� SI�C %���X# +3� ��
; �N�  K�



!9"�:� ;<��	 ��=�. >? 	� '��� ��� �� 7 !�
8 �?�+�� 0�87�	  /A�+���� 7 ���	
�� �������  363 

� �� 
	5# D� EjAI� �� ��� V! �����P���� ���� �� SI�C��X# +3� ��
; �N� %� P�)`  [)���"#
�# � .0	�5# 

%A1�# ���� �
�-� H���9 )���
��)I [� +3� ��
; �� 
	 �Xl K�N� .0	� 
	 K� �� �)O)  

  

 
Figure 7. Temporal variation of calcium ion concentration in water of Voshmgir reservoir 

 

 
Figure 8. Temporal variation of sulfate ion concentration in water of Voshmgir reservoir 

  

) T�C ��8 (P����V! ����  0M3p#"DC� 
	 �Xl K� �� �)O) P�J:)	 �)�� N�	�! �
C 0	�) T�C �� .8 (

G��%� ��- )] P
C�� � [�	��� 5A� %� %!�J:)	 PjDG N� � .	)A��� Biczok )1972 (� ;1� .I �� .	)!�  ��

�"#
�# r��J! �
C  0	� .��D- �) ) T�C �� %�8 �
-�� (� ��)C  P�J:)	 0M3p�% P�)` ��	)�� V!��� �  � 
��

�� �� %!�J:)	 PjDG �HI P
C �-� 	����  �
C%� P�)` :�)A� U�� � 0��X� � �� .0	�� ��-  (�	 
�J	� � ����

1400  �N- 5��U  (�	 ������I1401  ��
G P�J:)	 ��
;80 �3� 2��  ���A�:  �� ��#�L�� %� N�  �� �!200 �3� 2��  ��

:�A� �� �0	�� ���U [�	���� (�
O ��- )5) �! (8 P�J:)	 NO��! �HI (X�U��  (�	 ���^� �� .0	�1400  P�J:)	 ��
;

940 �3� 2��  ���A�:  �R��  ��5/6  �����5�"���  �� P�J:)	 ��
;�#�	 �� �- �� �� P�J:)	 PjDG P
C � 0	5#  ��

� [�	������ Biczok )1972( 
#
C  ���
��A	� s��H �French Standard P18-011 )1985(  %MGj T��] .0	�

� �� [�	������ USBR )1981 (� CSA Standard A23.1 )2019X�� (  � ���� �)O� P�J:)	 PjDG �HI���� USBR 

)1981 (	 �� ���JA	���D�  �� �� n)����� �!%� 5A�  �U \�� ��5� ��� 8������ ����   ���
��A	� .0	�French Standard 

P18-011 )1985( �X� ��! b��H�� 2�X:���C �� 5A� ��O� � B#/ .�H� 	 n)� T�C) �����D� 	 %� K� 0�+����D� ��C.# 

���X1� ��) � 0��� %� (B	�� 8 P�J:)	 PjDG ����� �� 0t�JG �)M������� ����   �� .0	�5#����1  (�	 ��1401  0M3p

 
	 K� �� P�J:)	320 �3� 2��  ���A�:  T�C) 0	� .	)A P�J:)	 PjDG P
C �8.(  



364                                        ������ � 	� 
����� ���� ������ ����� � ����1402 

P����V! ����  ��
;�)# �N#X� "DC� 
	 K� �� �)O)�� ) T�C ��9 ���� (� 
-�  0M3p T]�
G � ����
G %�

�N#X� %� B�!�! �� �� �-�  
�J	� � �^�1400 �
C 0�f  �� �� .0	� �-�  (�	 �^� � ����1400� 0M3p �N#X� %� B�!�! 

170  �194 �3� 2�� : ���A� ) 5A� %� NO��! .	)A P
C %��A	� �� � 0	�100 �3� 2�� : ���A�� %3`�1 (���# .����  

1�  ��� � 0M3pN#X� 
�J	� �� (�	 ��1400�� � �-� ����15#  (�	 ����I �1401  ��
G ��86 �3� 2�� : ���A� 

� �� �5# `�I �� %	0� DO��!�  K�%� %H	�� � ��
;�N#X� U�� �! N�X� .0	� ) T�C [�	���9 ��
; (N#X��  �)O)

 
	 K� ����"DC�  �� Q�8 �� �� �� ���	��� �
C �F� ��0� C NO��! �HI�#��D� .���� ���] 5A� %� 

) T�C ��10V! (P���� �)# 0M3p �)�2)�  ��
; �pH ���� "DC� 
	 K��� �
C %����   .0	���D- �)  C �� %� T�

)10 �
-�� (� ��)C R�� 5#�! N� � �!5# �)� 0M3p ��
;2)�  
	 K� ��%� B�!�! r#  �12/0 �3� 2��  ���A�: .0	�  

 ���#�L�� %� �)� 0M3p2)� +� ���)D-��� N� �HI %��A	� �� �!  NO��!�#��D�C 5A� %� )15 �3� 2�� : ���A� �0	� (

�HI� ���� ���	 �-� ��A� � K)+/�D )C.� 

 

 
Figure 9. Temporal variation of magnesium ion concentration in water of Voshmgir reservoir 

  

 
Figure 10. Temporal variation of ammonium ion concentration and pH value in water of Voshmgir reservoir 
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Table 11. Intensity of different chemical attacks in various studied months and number of attacks for each month 

Year Month Soft water attack Intensity of SO4
2- attack Intensity of attack by Mg2+ Involved agents 

2021 November  No difficulties None to slight Mild 1 

2021 December Water is aggressive Strong Mild 3 

2022 March Water is aggressive None to slight None to slight 1 

2022 April Water is aggressive Mild None to slight 2 

2022 June Water is very aggressive None to slight None to slight 1 
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1. Concrete Leaching 

2. Soft Water  

3. Portland Cement 

4. Firictional Energy Loss  

5. Langelier Index 

6. Corrosion 

7. Aigueblanche 

8. Foundation 

9. Hirakud Dam 
10. Ryznar  

11. Ingula  
12. Turga  
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