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Abstract 
 

Annually in north of Iran thousands tones of combination of salt and sand is used in roads for deicing and to prevent vehicles 

slipping as a common method. The applied salt could cause many environmental and economic drawbacks such as asphalt 

erosion, runoff pollution, increasing density of salt in ground water, soil pollution around the road, effect on agriculture etc. In 

this research the various impacts of using salt on deicing the Chalus mountainous road is investigated. Based on different 

experiments on asphalt samples which were similar to the asphalt used in Chalus mountainous road and observing the effects 

of experimental freeze-thaw cycles on asphalt samples erosion and also, estimated density of salt in runoff caused by 

precipitation and snowing, noteworthy outcomes are achieved by using equations. Evaluating the results, it was observed that 

in cold months of each year the amount of salt used for deicing specified part of Chalus mountainous road is more than 

allowable limits. It is demonstrated that the allowable proportion of salt in runoff is about 3% that in present study the 

minimum and maximum per cents of salt density in cold months are 3.27% and 6.02%, respectively. This consequently leads 

to ground water and runoff pollution by increasing the density of salt and in addition having impacts on the asphalt and soil  

quality and also agricultural harvests. Moreover because of reverse effects of this deicing process on water pollution of Siah-

Bisheh dam, many environmental drawbacks for water saltiness and agriculture harvests with inordinate density of salt has 

been observed. 

 
Introduction 
 

Slippery roads are one of the most chief factors of road 

accidents in winter. In the cold months of every year 

(usually from November to April) thousands tones of 

combination of salt and sand is scattered on surface of the 

roads as common deicing agent. This deicing agent is used 

to deice in order to slipping vehicles commonly in cold 

regions and countries. However, in some countries the 

traditional deicing chemical is urea (Farha et al., 2002). 

Setting back ice formation or melting snow and ice would 

be hastened by applying salt in order to decrease the 

freezing point of water on the surface of the roads (Fujimoto 

et al., 2014). Applying favourable amount of salt and sand 

by workers cannot be controlled by municipal authorities. 

Hence, the inordinate used salt would cause many 

environmental and economic impacts such as asphalt 

erosion, wearing of car components, runoff pollution, 

increasing density of salt in ground water and rivers, soil 

pollution around the road that affect agriculture and harvests 

(Dailey, Welch, & Lyons, 2014; Steele & Aitkenhead-

Peterson, 2011). Removal of snow and ice on roads is a 

crucial maintenance task in winters that could be done by 

the use of either deicing or anti-icing chemical agents 

(Farha et al., 2002). Chloride salts mostly sodium chloride 

(NaCl), magnesium chloride (MgCl2) and calcium chloride 

(CaCl2) have an important role in depressing  freezing point 

in diverse types of snow and ice control products used on 

road surfaces (Shi et al., 2012). High salt concentration in 

runoff may cause changes in fish blood physiology and 

changes in amphibian community structure by leaving out 

NaCl intolerant species (Meland et al., 2010). Also 

economic damages in pavements and decreasing the life 

span of asphalt are reported as a consequence of inordinate 

usage of salt and sand mixture. Durability of asphalt 

pavement is certainly influenced by salt and freeze thaw 

cycles. Feng et al., have considered the effect of deicing 

salts on the performance of asphalt mixture. According to 

their achievement salt has a noticeable role in the low 

temperature performance of asphalt binder (Feng, Yi, Wang, 

& Chen, 2010). The concentrations of Cd, Cu, Pb and Zn in 

the soil solutions are significantly related to the deicing 

agent usage and also a strong relationship between trace 

metal mobilisation and deicing due to using NaCl as deicing 

agent was corroborated (Bäckström, Karlsson, Bäckman, 

Folkeson, & Lind, 2004; Engelsen, Wibetoe, van der Sloot, 

Lund, & Petkovic, 2012; Norrström & Jacks, 1998).  

A study by Pan et al. (T. Pan et al., 2008) also demonstrated 

that integrity of asphalt pavement is influenced by salt 

usage which could penetrate into the interface of bitumen 

and aggregate and cause the binder emulsification (Giuliani, 

Merusi, Polacco, Filippi, & Paci, 2012). It has also 

accomplished that deicing salt may have several 

environmental drawbacks including damaging to roadside 

vegetation, polluting wells and damaging hydraulic 

properties of roadside soils as well as increased corrosion of 

vehicles, bridges and road surfaces. Furthermore the low 

qualities of well water around the roads are also reported 

(Bäckström et al., 2004; M. R. Khoram et al., 2011). For 

instance concentration of NaCl in the water of rivers and 

watersheds in USA and consequently more exports of 

sodium and chloride between the 1980s and 1990s has been 

observed. This NaCl source could be applied on the surface 

of the roads. Therefore, the impact of road salt on water 

qualities of rivers (Dailey et al., 2014; Steele & Aitkenhead-

Peterson, 2011) has been regarded by researchers. In urban 
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areas and dry lands roads are more susceptible to the 

impacts of salt scattering (Carteret, Buzzi, & Fityus, 2010).  

Recent evaluation of Environmental Organization of Canada 

about environmental impacts of using salt in winters has 

showed that management of applying salt in the roads 

should be improved. There are several problems that should 

be solved and managed to decrease the amount of salt usage 

and consequently reduction of environmental and economic 

impacts. Inordinate usage of salt, inappropriate storing and 

management of salt, lack of computer control on salt-

scattering vehicles, educational requirements for authorities 

and workers, inappropriate equipment in salt-scattering 

vehicles are samples of these problems (Canadian Minister 

of the Environment, 2012). Also the environmental and 

economic drawbacks of salt usage in roads have become a 

major concern for International Energy Agency (IEA) and 

World Health Organization (WHO) in recent years (Chen, 

Wu, Wang, & Zhang, 2011). Chalus Road in Iran is located 

in a mountainous area which connects capital of Iran, 

Tehran to the several cities in north of country. This road 

was constructed in 1934 with length of 160 kilometers and 

width of 5meters. Nowadays the width of the Chalus Road 

is approximately 7.5 meters. This road passes through 

several small towns and villages along side which Siah-

Bisheh is a well-known village on this connecting road.  

During the snowy days a mixture of sand and sodium 

chloride are applied to the surface of Chalus mountainous 

road to decrease the damage of car accidents and increase 

performance of the pavement. According to profusion and 

economical price of salt in Iran, application of salt is more 

considerable than sand in deicing agents. Therefore this 

application leads to a large amount of solutions from salty 

water and dissolved asphalt. The contaminated solutions 

could cause damages to humans, animals and plants 

especially around the road sides or might be invaded to the 

ground water or flow as a surface runoff due to existing 

steep slope in the Siah-Bisheh mountainous area and affects 

the water of lakes, rivers and watersheds around Chalus 

mountainous road. Also considerable amount of salt is 

penetrated to the soil around Chalus mountainous road and 

added to regional ground water. Therefore the quality of 

ground water which is used as natural water storage for 

irrigation of farms declines that causes reducing the harvest 

quality and quantity. Furthermore solutions could be 

impaired facilities of Siah-Bisheh dam. The scope of this 

study is using road salt effect on the asphalt pavement, 

assessment of erosions and environmental impacts in 

Chalus mountainous road. 

 

Site Description 
 

Figure 1 represents the geographical location of Chalus 

mountainous road in northern part of Iran. Siah-Bisheh is 

one of the villages alongside this road besides adjacent to 

Siah-Bisheh pumped storage power plant and also Siah-

Bisheh dam, which is located 125 km north of Tehran. A 

meteorological station is situated close to the Siah-Bisheh 

dam, which is used to collect various meteorological data 

during 2005 to 2013. Due to a substantial daily 

temperature difference in Siah-Bisheh area, several freeze-

thaw cycles occur in autumn and winter every year, which 

could cause several environmental and economic damages. 

The numbers of snowy days, average of annual 

precipitations and maximum daily temperature differences 

in this area during Nov. to Oct. of every year from 2005 to 

2013 that is achieved from Meteorological Organization of 

Iran, are tabulated in Error! Reference source not found..  

 

 
 

 

Annually major effects on road erosion and environmental 

pollutions and impacts by using deicing agents are 

predictable. To study such similar occurrences, part of 

Chalus mountainous road has been selected as a pilot and 

major studies has carried out on it. This part of the road is 

located between two adjustment contours 1800 meters and 

1900 meters from the free surface as it is shown in Error! 

Reference source not found.. In Addition, the altitude of 

the meteorological station is 2165 meters, which is in a 

close range to the selected pilot area. According to the map 

prepared by National Cartographic Center of Iran (NCC), 

the length of this selected pilot road is about 3.5 km which 

is highlighted with red color in figure 2. 

 

 
 

 

 

Discussions  
Amount and density of deicing agent (salt) 
 

Figure 3 indicates the annual usage of deicing agents in 

some European countries that participated in a 2002 

European study of winter maintenance practices vs. Iran 

comparatively (Catherine Houska et al., 2012). As could be 

Figure 1: Region of this case study on Iran geographical map 

 

Iran 

Figure 2: Selected part of the Chalus mountainous road, Iran 

Meteorological Station Meteorological Station Meteorological Station Meteorological Station Meteorological Station Meteorological Station Meteorological Station Meteorological Station Meteorological Station Meteorological Station 

Meteorological Station 

Siah-Bisheh dam facilities 
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noted in this figure, Great Britain and Germany with more 

than 2 million ton/y are the leading countries in the use of 

deicing agents. Iran falls after France with around 600 

thousand ton/y consuming around 200,000 ton/y less than 

this country. 

It is also observed that the usage of salt in Iran which, is a 

semi-arid region, appears to be excess as compare to 9 

countries out of 12. Nevertheless, it should be taken into 

consideration that the area land of Iran is much greater than 

all these countries leading to a higher consumption of 

deicing agents. 

 

 
 

 

 

 

According to the interview with local authorities and 

statistics of Iran Road Maintenance and Transportation 

Organization (IRMTO) approximately an average amount of 

7000 metric tons salt were used to attack the Chalus 

mountainous road icing occurrence during 2005 to 2013. It 

is obvious that salt usage for each winter depends on 

number of snowy days and snow water equivalent that is 

demonstrated in Table 2. 

 

Monthly utilization of salt is based on the estimation 

of salt usage in each month, which is presumed to behave 

linearly. Thus monthly salt usage could be calculated from 

following experimental equation:  

u = U. (s/S) 

where:  

u: monthly deicing salt usage with the snow water 

equivalent of salt in tons 

U: annual amount of deicing salt in tons 

s:  monthly snow water equivalent in mm 

S:  summation of monthly snow water equivalents in a year 

in mm 

 

 

 

Runoff produced by snow and ice melt is estimated to 

be approximately 80 per cent of the snow water equivalent 

according to field experiments. Thus the density of salt in 

runoff is computed by employing the following relation: 

d = 
𝑝

𝑝 + 1000
 × 100 

where: 

p: proportion of salt in runoff in 1 kilometer length of 

Chalus mountainous road in gram per liter (g/l) 

d:  percentage density of salt in runoff 

To estimate the density of runoff, the amount of the salt 

produced by applying deicing mixture to the snow and the 

amount of the runoff is used. 

 

 

Oct. to Apr. 

of next year 

Number of 

snowy days 

Approximate 

amount salt 

usage in tons 

2005/2006 38 7000 

2006/2007 43 8100 

2007/2008 45 9000 

2008/2009 38 6900 

2009/2010 41 7700 

2010/2011 28 3300 

2011/2012 49 9500 

2012/2013 36 6600 

 

 

 

Density of Salt 
 

An average amount of 7000 tons of salt is applied on the 

Chalus mountainous road every year to prevent icing of the 

road surface and increase friction between tires and the 

road pavement. Considering 160 km of Chalus 

mountainous road length, it could be computed that about 

43.75 tons of salt is used per year per kilometers annually. 

To make the estimation more accurate, the usage of salt to 

each month with respect to the snowfall amount value and 

snow water equivalent is assigned for it. For example in 

the winter 2005/2006: 

The estimated usage of salt in 1 kilometer = 

 

 
7000 𝑡𝑜𝑛𝑠

160 𝑘𝑚
= 43.75 𝑡𝑜𝑛𝑠/𝑘𝑚 

The estimated usage of salt in November 2005 =  

 
28.2

155.3
∗ 43.75 = 7.94 𝑇𝑜𝑛𝑠/𝑘𝑚 

0

500

1000

1500

2000

2500

Table 1: Meteorological data collected from meteorological station located in Siah-Bisheh (From Nov. to Oct. 

of every year from 2005 to 2013) 

Year 5002/

2006 

5002/

2007 

5002/

2008 

5002/

2009 

5002/

2010 

5000/

2011 

5000/ 

2012 

5005/

2013 

Average of annual 

precipitation(mm) 

035 53730 0.730 3.537 0543. 3.533 859.7

7 

519.9

2 

Number of snowy days 38 43 45 38 41 28 49 36 

Maximum daily temperature 

difference(°C) 

19.6 15.8 20 18 17.8 20.6 18.8 26 

Figure 3: Annual usage of deicing agents (Metric 

thousand tons) 

Table 2 Approximate amount of salt usage in tons 

Table 2: Approximate amount of salt usage in tons for 

deicing the Chalus mountainous road 
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When 28.2 is the value of snowfall in Jan. and 155.3 is the 

total amount of snowfall in the winter 2005/2006. In fact, it 

is presumed that the salt usage over the month behaves 

linearly. Finally, the estimated density of runoff in a 1 

kilometer peace of the road with 2 lines is calculated and it 

is equivalent to: 
7.94 × 1000 × 1000

28.2 × 0.8 ×  0.001 × 7.5 × 1000 × 1000
= 46.92

𝑔

𝑙
 

Therefore: 

The percent of salt in the runoff = 
46.92

1000+46.92
× 100 = 4.48 % 

 

Employing this approach, the density of runoff in other 

months was estimated and the results are tabulated in 

Table3. It should be noted that number of snowy days and 

also snow water equivalent for snowy days for each month 

is collected from data of Meteorological Organization of 

Iran. 

According to the study by Feng et al. (2010) low 

temperature performance of asphalt is remarkably affected 

 

 

Table 3: Estimation of runoff density in Chalus mountainous road during 2005 to 2013 

YEAR 2005/2006 MONTH NOV. DEC. JAN. FEB. MAR. APR. SUM 

Number of snowy days 4 3 11 11 5 2 36 

snow water equivalents for snowy days 28.2 4.9 33.9 42.8 43.9 1.6 155.3 

Estimated salt usage (Tons per kilometer) 7.94 1.38 9.55 12.06 12.37 0.45  

Estimated density of salt (%) 4.48 % 

YEAR 2006/2007 MONTH NOV. DEC. JAN. FEB. MAR. APR.  

Number of snowy days 8 19 12 3 1 0 43 

snow water equivalents for snowy days 43.6 75.4 60.7 11.2 10 - 200.9 

Estimated salt usage (Tons per kilometer) 10.99 19 15.29 2.82 2.52 -  

Estimated density of salt (%) 4.03 % 

YEAR 2007/2008 MONTH NOV. DEC. JAN. FEB. MAR. APR.  

Number of snowy days 6 9 7 12 5 3 42 

snow water equivalents for snowy days 23.8 47.6 15.2 70.3 98 6.4 261.3 

Estimated salt usage (Tons per kilometer) 5.12 10.25 3.27 15.13 21.1 1.38  

Estimated density of salt (%) 3.46 % 

YEAR 2008/2009 MONTH NOV. DEC. JAN. FEB. MAR. APR.  

Number of snowy days 6 9 10 9 4 0 38 

snow water equivalents for snowy days 10.3 73.9 33.6 38.9 1 - 157.7 

Estimated salt usage (Tons per kilometer) 2.82 20.21 9.19 10.64 0.273 -  

Estimated density of salt (%) 4.36 % 

YEAR 2009/2010 MONTH NOV. DEC. JAN. FEB. MAR. APR.  

Number of snowy days 5 7 9 7 5 8 41 

snow water equivalents for snowy days 43.8 17.8 50.6 28.9 47.8 47.3 236.2 

Estimated salt usage (Tons per kilometer) 8.93 3.62 10.31 5.89 9.74 9.64  

Estimated density of salt (%) 3.29 % 

YEAR 2010/2011 MONTH NOV. DEC. JAN. FEB. MAR. APR.  

Number of snowy days 2 1 6 10 9 0 28 

snow water equivalents for snowy days 5 3 10 21 14.6 - 53.6 

Estimated salt usage (Tons per kilometer) 1.92 1.15 3.85 8.08 5.62 -  

Estimated density of salt (%) 6.02 % 

YEAR 2011/2012 MONTH NOV. DEC. JAN. FEB. MAR. APR.  

Number of snowy days 11 5 . 31 . 0 46 

snow water equivalents for snowy days 104.73 11.82 3.31 01351 .4351 - 292.39 

Estimated salt usage (Tons per kilometer) 21.27 2.4 7.96 10.69 17.06  -  

Estimated density of salt (%) 3.27 % 

YEAR 2012/2013 MONTH NOV. DEC. JAN. FEB. MAR. APR.  

Number of snowy days 1 7 . 35 35 0 36 

snow water equivalents for snowy days 0.4 34.91 3531 05375 05333 - 152.6 

Estimated salt usage 0.11 9.44 4.38 13.72 13.6  -  

Estimated density of salt 4.31 % 

 

by salt in the roads and when percentage and density of 

salt is over 3%, the deformability of asphalt declines 

quickly. Moreover, outcomes from tensile strength ratio 

corroborated that when the percentage of salt is over 3%, 

tensile strength is affected (Feng et al., 2010). As it is 

observed in Table 3-a, the estimated density of salt in all 

years is more than 3%. Therefore, it could be inferred that 

this amount of salt used for deicing the Chalus 

mountainous road is more than allowable limits and is 

potentially harmful to the environment. Even though using 

a large amount of salt would cause several environmental 

and economic drawbacks, but using scant amount of salt 

may not be able to decrease the freezing point of water 

(Carteret et al., 2010). It can be inferred from figure 3-b 

and 3-c that the winter 2011/2012 and 2010/2011 had the 

highest and the lowest number of snowy days and the 

highest and the lowest amount of snow water equivalent 

for snowy days respectively. 

 

Weight loss of asphalt 
Due to high daily temperature differences and large number 

of freeze-thaw cycles especially in cold months, the process 

of freezing and melting water and ice, which is penetrated 

into  the  aggregate  of  the  road  asphalt  and  consequently  
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occurring ice expansion process could cause erosion and 

weight loss of asphalt used in Chalus mountainous road. 

Weight loss ratio estimation of different kinds of asphalt in 

laboratory based on the number of freeze-thaw cycles, has 

been studied by Feng et al. (Feng et al., 2010) and according 

to the trend of weight loss ratio of asphalt samples, which 

were inside the salty water, some weight loss ratios were 

achieved. Based on the mentioned graph, the amount of 

weight loss ratio will be increased dramatically along with 

the increasing the number of freeze–thaw cycles after 4 

cycles. This trend can be approximately divided into two 

phases. In the first phase (before 4 cycles), although indirect 

tensile strength of asphalt samples decreases and the volume 

of asphalt mixtures increases, weight loss has little change. 

The situation is just reversed after 4 freeze-thaw cycles 

(Feng et al., 2010). It can be predicted that the change of 

volume must be caused by the expansion of water, which is 

penetrated into the asphalt under low temperature in asphalt 

mixtures. It can be inferred that due to high number of 

freeze-thaw cycles in cold months of each year, especially in 

December, January and February, the high amount of weight 

loss ratio and consequently the high amount of asphalt 

weight loss is predictable. Therefore, the highest erosion in 

Chalus mountainous road could be appeared in these 

months, which has highest pollution and significant impact 

to environment. Hence the anti-icing methods are suggested 

to prevent the icing occurrence and consequently reduce the 

number of freeze-thaw cycles in these months. By 

considering the estimated data from Meteorological 

Organization of Iran, the temperature of snowy days or the 

amount of precipitation and snowfall for these months could 

be predicted. Therefor the mixture of salt and sand could be 

scattered on the surface of the Chalus mountainous road 

before icing formation that is more effective for deicing the 

road. In addition, the weight loss of asphalt in the Chalus 

mountainous road will definitely affect the quality of road 

asphalt and can cause economic damages. Furthermore, this 

kind of erosion for asphalt will certainly affect the quality of 

grand water, runoff and soil as a consequence, which can 

reduce the quality and quantity of agriculture at the end. 

Although the amount of asphalt weight loss is not really 

significant in one year, in the next few years or decades, the 

decrease in the rate of soil fertility of the Siah-Bisheh area is 

expected. Considering negative effects of salt in enhancing 

the damage of freeze-thaw cycles by researchers, these 

 

 

 

 results endorsed past experience that salty water has bigger 

penetrability than distilled water, which proves that salty 

water has a more important role to play in invading the 

asphalt mixture. Figures 5-a and 5-b show the number of 

freeze-thaw cycles in different years and different months 

respectively according to the collected data from 

Meteorological Organization of Iran. It can be inferred that 

the highest and lowest numbers of freeze-thaw cycles 

belongs to winter 2009/2010 and 2010/2011 respectively. 

Furthermore, January has the highest number of freeze-thaw 

cycles comparison with other months of the year. 

 

 

 
 

 
 
Proposing treatments 
 

There are several treatments to prevent various drawbacks 

that mentioned before. Reducing the amount and the density 
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Figure 4: Meteorological data results for winters 2005/2006 to 2012/2013 in Chalus road for (a) Estimated density of salt, 

(b) number of snowy days and (c) snow water equivalent for snowy days 

Figure 5: Number of freeze-thaw cycles for (a) winters 

2005/2006 to 2012/2013 and (b) Months from Nov. to 

Apr.  
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of salt in combination with sand that is used for deicing the 

Chalus mountainous road is an explicit solution. Controlling 

the salt applied by workers for deicing the road by 

authorities and estimation of required amount of salt and 

sand according to precipitation and temperature could be a 

possible solution too. Generally deicing and anti-icing are 

two main methods to attack the icing process. Ice melting 

subsequent to frost and ice formation and prevention of ice 

formation are referred to deicing and anti-icing terms 

respectively (Giuliani et al., 2012). In anti-icing method 

according to predicted data of meteorological stations, the 

icing process or progress would be prevented (Canadian 

Parking Association, 2005). It is observed other materials to 

attack the icing process of the road with less environmental 

disadvantages as compared to the salt. For example sharp 

edge sands can be more effective as compare to salt with 

less erosion and contamination. 

Moreover many other treatments have been suggested 

before by researchers. A few studies by researchers show 

that by using some innovative asphalt mixtures in roads, the 

slide strength of the pavement improves and fewer vehicles 

slip during snowy days. Therefor the amount of salt used for 

deicing occurrence will automatically decrease and 

consequently the environmental impacts become less. A 

study by Giuliani et al. has showed effectiveness and 

durability of sodium chloride-based anti-icing filler in 

asphaltic materials. The observed effect of the anti-icing 

filler was a delay of frost formation and evolution (Giuliani 

et al., 2012). Also the advantages of micro-sized or nano-

sized materials for asphalt mixtures used on pavements 

which are exposed to deicing solutions were reported (Goh, 

Akin, You, & Shi, 2011). Furthermore, draining the extra 

water emanates from precipitation and snow melting that 

could cause deeper runoffs should be considered. Spongy 

asphalts can easily absorb extra water on the road and 

prevent icing the surface of the road. One of the variables 

that make the estimation of ice formation danger difficult is 

the freezing point temperature that is usually unidentified 

because of road salt using and not having much information 

on how much salt is remained on the road since previous 

using (Riehm, Gustavsson, Bogren, & Jansson, 2012). 

Keeping rivers in fine ecological conditions was considered 

by changing in European legislation. Therefore constructed 

wetlands which designed for runoff treatment have been 

developed and evaluated and also many researches have 

been done to assess pollutant removal processes (Cottin & 

Merlin, 2008). Furthermore a method, which can be used to 

predict the design requirements for deicing road pavement 

system, has been defined by Chen et al. The heat-

transmission in asphalt pavement, which increases the 

energy efficiency of solar collection and snow melting could 

be accelerated by using conductive asphalt concrete (CAC) 

(Chen et al., 2011). 

Although these suggested methods could be an appropriate 

substance for deicing agents, but using salt and sand mixture 

as deicing agents is still a common method to attack the 

icing process of the roads. Hence applying the appropriate 

material as deicing agents, proper amount of deicing agents, 

suitable place and the right time for using should be 

considered (Kelting, Laxson, & Smiths, 2010). 

 

 

 

Conclusion 
 

The conclusions can be summarized as follows: 

 The large amount of salt used for deicing the Chalus 

mountainous road solutes with runoff caused by 

precipitation and melting snow affects vegetation, 

water quality of Chalus River and Siah-Bisheh water 

treatment center. Moreover considerable amount of 

salt is penetrated to the soil around Chalus 

mountainous road and added to regional ground 

water. Hence, the salinity of ground water which is 

used as natural water source for irrigation of farms 

increases dramatically. 

 By obtaining meteorological data from nearest 

meteorological station number of snowy days and 

snow water equivalent for cold months has been 

achieved during 2005 to 2013. Then the amount and 

density of salt used for deicing the surface of the 

Chalus mountainous road had been calculated.  

 The density of salt in all years during 2005 to 2013 is 

more than 3% that is allowable percentage for 

density of salt used for deicing the roads. So this 

significant percentage of salt could cause many 

serious and irreparable impacts on environment 

around Chalus mountainous road and Siah-Bisheh 

region. Also this amount of salt can cause erosion 

and corrosion of asphalt and vehicle equipment.  

 The weight loss ratio and weight loss of asphalt 

depend on the number of freeze-thaw cycles and this 

kind of asphalt erosion in the cold months, which is 

more vulnerable to freezing and melting cycles can 

absolutely affect the quality of water and soil around 

the road. 

 The maximum and minimum number of freeze-thaw 

cycles observed in January and April respectively. 

Therefor the anti-icing methods for cold months such 

as January, February and December should be 

considered.  
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