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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 m
Lake in normal level 15 km?
Elevation of spillway 20m
Reservoir level in design flood 21.5m
Maximum capacity of spillway 1400 m*/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, CO, and TDS are mg/])

Location of water sample honl%/lltudse l;" at;\f[ude; pH EC (microS/cm) TDS Ca** Mg” HCO; CO,
Voshmgir Dam 54 44 10 37 12 34 751 1762 1128 32 875 2258 176
Voshmgir dam drainage gallery I 54 44 11 37 12 33 7.11 7900 7000 192 4398 976 158
Voshmgir dam drainage gallery I 54 44 13 37 12 32 6.64 12830 12000 308 2746 549 17.6
Voshmgir dam drainage gallery III 54 44 14 37 12 31 721 15970 13000 288 4350 793 14.1
Voshmgir irrigation network (main canal entrance) 54 41 31 37 12 28 7.14 1745 1117 56 1993 2319 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 SO,” NH," Mg™ Ca”" HCO5 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 82.7 441 402.7 450
2022/04 1834 1155 7.8 320 1.0 88.7 94.2 2929 600
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Table 4. Degree of corrosiveness of water based on Ryznar index

RSI Inference (Ryznar and Langelier 1944)
<55 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

o (2T W0 il 4 (Il SR T o (it S yINit YT —Y

3 eanlllaodygo iz o) sloojlo o oz b Slilgw g (ST 51 80 lerd (slacel Jls L)l glaien,
Wl 53 29390 Slilgw e clale luly (8) Jodo olae 56kl o) 5> b edlatwl (1981) USBR » sl
ol 0 &l Cuwlio Blas pla8l  Cligus (olowss p2lod ©uds

Table 5. Sulfate aggression levels and cement requirements (USBR, 1981)

Relative degree of sulfate attack mg/l sulfate (as SO,”) 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)

Agoressive agent Intensity of attack
ggressive agents None to slight Mild Strong Very Strong
pH >6.5 6.5-5.5 55-45 <4.5
Lime-dissolving carbonic acid (CO,), mg/I <15 15-30 30-60 >60
Ammonium (NH,"), mg/l <15 15-30 30-60 >60
Magnesium (Mg”"), mg/l <100 100-300  300-1500 >1500
Sulfate in water (SO4>), mg/I <200 200-600  600-3000 >3000

French Standard P18-011 jlukusl jl ¢Sy dus 3oy (0 o)l 4 (olowds slocanl jlad o)y jolatods
b bkl ol b Gollas (V) Jgdo 55 b ol cunsl 00 &l o8 ey b by 3 b oSl O (ol S (1985)
sl 00 1)) 2o Jolge 31 Sy o ol canlio (ol pladl g 50 4 liesds Slocl

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 CO, 15-30 30-60 60-100 >100

SO, 250-600 600-1500 1500-6000 >6000

Mg* 100-300 300-1500 1500-3000 >3000

NH," 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).

Sbjlhme duglis (e 9 i b ol 3 5390 Clilgw (g STy 3l (86 plesd Slacan] ©AS s jolateds
Gl 3 )bl cpl 3 a5 eoliiel (2019) CSA A23.1 5ylubid ) el plosd pales ©ad gandib p Gilise
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Table 8. Sulfate attack classification based on SO4 concentration in water
(Canadian Standard Association Standard A23.1, 2019)

SO,” 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 - EC Ca” Mg** HCO; CO, SO Langelier Ryznar
P P (microS/cm) (mg/1) (mg/1) (mg/1) (mg/1) (mg/1) index 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 Mg®" and Ca** in mg/1 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 Ca™ Mg™ CO, SO 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
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Figure 6. Temporal variation of Ryznar stability index for water of Voshmgir reservoir
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Figure 7. Temporal variation of calcium ion concentration in water of Voshmgir reservoir
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Figure 8. Temporal variation of sulfate ion concentration in water of Voshmgir reservoir
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Figure 9. Temporal variation of magnesium ion concentration in water of Voshmgir reservoir
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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 SO~ attack _ Intensity of attack by Mg®*  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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