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Standard Instruction for Salt Extraction from Urmia Lake with Environmental 

Considerations (part I) 
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Management summary 
Lake Urmia, as the largest and saltiest permanent 

lake in Iran and one of the largest supersaturated lakes in 

the world, due to the problems that have occurred in 

recent years, lost a large volume of its water and natural 

reserves, and is a critical zone in environmental topics of 

the country. In this regard, the drying up of the lake and 

the emergence of more salt domes and salt sheets, caused 

traditional and sometimes industrial salt extraction, 

therefore resultant salt dust, to become important 

incident in this region. In this eonnexion, the present 

report deals with the compilation of guide lines as a 

framework for environmental considerations in salt 

extraction sites. 

This report consists of two main parts. In the first 

part, extraction processes and the results of modelling, 

instruction for minimal effects of salt withdrawal is 

present. 

The second part examines the issues and 

discussions related to the modelling of particle 

distribution resulting from extraction activities. In this 

connection, a hypothetical mine with a capacity of 1,250 

tons per day, which is equivalent to the traffic of about 

50 large trucks (18-wheel vehicle) and the emission 

coefficients resulting from the traffic of a three-axle 

truck and a dump-truck have been considered. In terms 
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of location, Qabadlo region (southeast of Urmia lake), 

and two other hypothetical extraction sites located on the 

coast of Urmia city (west of the lake), and near Salmas 

city (northern coast of Qarabagh village) are also 

considered. By using the CFD and ADMS models, the 

release of fine dusts in above mention sites was 

modelled. It is worth to mention that, the main activities 

that lead to the production of pollution include the traffic 

of trailers, blowing from the surface of salt piles, as well 

as the accumulation and extraction of salt piles. The 

deflation from the surface of piles by using CFD 

modelling and considering the related standards 

determined. Finally, by determining the emission 

coefficients for other activities according to the existing 

standards, together with preparing meteorological files as 

well as preparing the topography file of the region, 

modelling of particles in the mentioned three sites was 

done. At the end of this part, there is a checklist that 

must be completed by environmental expert and then 

send it to the environmental protection department of the 

province. 
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1- Generalities 

1-1- Introduction 
Lake Urmia is one of the most important and 

valuable water ecosystems in Iran and is known as the 

largest and saltiest permanent lake in Iran and one of the 

largest supersaturated lakes in the world, and because of 

its unique ecological values as an international park and 

wetland and because of the nature suitable for the 

permanent and temporary living of all kinds of rare birds 

of the world and the natural beauty of its coasts and 

islands have been introduced as a biosphere reserve by 

"UNESCO" in 1976 (Kelts & Shahrabi, 1986). 

The catchment area of Lake Urmia with an area 

of about 5,801 square kilometers is located between the 

geographical coordinates of 44° 14' - 47° 53' E and 35° 

46' - 38° 30' N. This basin is located in the northwest of 

Iran and is surrounded by the northern part of Zagros 

mountains, the southern slope of Sabalan Mountain and 

the northern, western and southern slopes of Sahand 

mountain (Shah Hosseini et al., 2003) (Figure 1). 
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Figure 1: Geology around the lake (Shah Hosseini et al., 2003) 
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The most important rivers of the Urmia Basin 

are: Zarrineh Rud, Simineh Rud, Mahabad chai, 

Gadarchai, Baranduz chai, Shahr chai, Rouzeh chai, 

Nazlu chai, Zola chai (Permanent river) and Tasuj chai 

(Seasonal River) that pass through different geological 

formations around the lake (Darvishi Khatouni et al., 

2010) (Figure 2 &Figure 3 &Figure 4). 
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Figure 2: Important rivers of the Urmia Lake drainage basin 

(Darvishi Khatouni et al., 2010) 
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Figure 3: Urmia Lake drainage basin in northwest of Iran. 
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Figure 4: Urmia Lake drainage basin (Darvishi Khatouni et al., 

2010). 

 

The average amount of salt entering the lake is 

2.2 million tons per year, of which 54% (1.18 million 

tons) is related to the Ajichai River, followed by the 

Zarrineh rud River, which carries 463,000 tons of salt to 

the lake annually. Due to the entry of the Ajichai river to 

the northeast of the lake and the lack of proper flow 
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exchange by the Urmia lake causeway, the difference in 

the sediments between north and south of causeway is 

completely evident (Aghanbati, 2006). 

It is worth noting that the salinity of Lake Urmia 

is the natural process of it becoming saltier, in other 

words, the annual entry of 4.6 billion cubic meters of 

surface flows into the lake, which contain 2.2 million 

tons of salts, and on the other hand, the evaporation of 

the same amount of fresh water from the lake causes 

more concentration of the remaining salts in the lake, 

and the process of water becoming more salty continues. 

Despite high salinity, green algae such as 

Dundella, crustaceans like Artemia salina and bacteria 

are among the living organisms of the lake, and these 

organisms play an effective role in the durability of the 

lake and prevent its annihilation (Aghanbati, 2006) 

(Figure 5). 
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Figure 5: The difference in the type of sediments north and south of 

Shahid Kalantari highway (Aghanbati, 2006) 

 

Due to the construction of several dams (such as 

Olavian, Sahand, Hasanlu, Shahcha, Zolu, Drik, Qala 

chai etc.) in recent years, as well as the increase in height 

of the Zarineh rud dam, the Lake Urmia, today faces a 

serious risk of totally dried up and annihilatation. It is 

worth to mention that Zarineh rud River supplies more 

than 50% of the lake's water, which has now reduced the 

water input to the lake to 7 billion cubic meters. The 

increase in the salinity of Urmia lake water and its 

reaching to supersaturation limit (more than 340 grams 

per liter), caused the death of birds as a result of salt 

deposition on their wings and feathers and their bodies, 
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and finally the inability to move and feed, and disrupting 

traffic of vessels. In addition the ineffectiveness of the 

docks built on the shores of Sharafkhaneh, Rashkan, 

Golmankhaneh and Ashk and Kabodan islands, the 

emergence of salt marsh lands of at least 150 thousand 

hectares, especially in the low-lying areas around the 

lake and, the attachment of the nine islands of the 

National Park (location Breeding of important species of 

migratory birds as well as the protected area of wildlife) 

to the southern shores of the lake (appearance of the land 

connection of the above islands with the shores), 

decrease in population and non-breeding of important 

birds living in the lake (white pelicans and flamingos), 

reducing the migration of birds to the habitat of the 

National Urmia Lake, a sharp reduction in cyst 

production in conditions where the water salinity is 

higher than normal, are among of major problems during 

droughts. In the current state even Artemia of the Lake 

Urmia (Artemia Urmiana) produces cysts, but the 

amount of this production has also decreased drastically 

(Darvishi Khatouni, 2011) 

As mentioned earlier construction of a 15-

kilometer causeway in Urmia Lake on November 2008 

resulted in the drying up of more than 80% of the 

distance between the two western-eastern sides of the 

lake. The construction of this causeway has caused the 

disconnection of the northern and southern half and has 

imposed serious changes on the hydrodynamics of the 
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region and the ecological characteristics of the lake. This 

bridge has a direct effect on the lake's water circulation 

and has caused the unmonotonousness salinity of the 

lake. As a result, due to the lack of water exchange in the 

southern and northern parts, the water salinity has greatly 

increased in the northern part and has reached 300 grams 

per liter, and the life of Artemia Arumiana in this half 

has been severely threatened (Najafi & Najafi, 2013). 

1-2- Objectives and necessity of investigation 

The environmental crisis and the drying up of 

Lake Urmia is one of the biggest geological risks of the 

country especially in NW Iran. The reduction of the 

water level and the size of the lake, is a national and 

trans-regional phenomenon, and this necessitates the 

investigation and carrying out more research regarding 

the reduction of the percentage of salts the lake, 

preventing the wastage of water resources in the 

catchment area, and to protect the aquifers around the 

lake from further infiltration of salt water into them to 

prevent the generation of salt dusts in the future. 

Three main goals of this research are as follows: 

 Providing environmental requirements in order to 

minimize the negative effects of salt extraction 

(focusing on preventing the creation of salt dusts) 
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 Preparation of executive instructions for 

extraction salt in compliance with environmental 

considerations 

 Obligatory instruction for contractors to comply 

with environmental principles in extraction 

1-3- Exploitation and extraction of salt  

Most of the salt in the world is soluble in ocean 

water between 1 and 5% and its average amount is 

around 3.5%. The variation in the amount of salt in the 

seas and oceans depend on the amount of evaporation, 

the percentage of ice and the amount of salt in the river 

waters. On the coasts of intracontinental lakes, where the 

rate of seawater evaporation is high, are suitable for salt 

extraction. 

Salt is found naturally in two forms: 

1) solid (rock salt) 

2) Salt water (brine) which includes the second form 

of huge sources of salt.  

As the proportion of salts in the lake water 

increases, different salts, which include carbonates, 

sulfates, chlorides, and finally potassium and magnesium 

salts, are deposited.  

In general, there are 3 ways of exploitable brines 

in terms of evaporating solutes: 
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1) Brine Saltwater lakes or saturated lakes  

2) Intercrystalline brine between crusts or salt layers  

3) Salty underground water tables or salt marshes 

on the margined of the plains and playas 

It is possible to have these three types of saline 

deposits and salt layers in Iran; the first example is Lake 

Urmia. The second type of lakes can be seen in some dry 

salt lakes that are spread all over Iran, such as Qom Salt 

Lake, Great Kavir, Gavkhuni Marsh, and Abarago 

playas. The 3rd type salty aquifers are spread on the 

margines of the plains and playas of Iran. 

Commercial production of salt is usually done from 5 

sources: 

 Layered-sedimentary deposits  

 Surface brines  

 Sea waters 

 Salt pans 

 Salt domes 

1-3-1- Extraction of salt in the world  

Salt extraction in the world was done for the first 

time in 3000 BC in China. Real salt deposits are made by 

underground, room and foundation and drilling, blasting 

and extraction methods and are crushed before reaching 

to the surface. Extraction is done by dissolution method 

with a single well and circles for injection or two 
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connected wells that create a large underground hole 

(hydraulic fracturing method). 

There are three ways to recycle salt, two of which 

are common mining methods. The third method is the 

evaporation method using the energy of the sun, which 

can separate the salt from nature and man-made salt 

water. The choice of method basically depends on the 

type of salt deposits that are exploited and the type of 

climate and type of land, as well as the skill and 

efficiency of the technology that is available to the 

producers. 

There are several type of methods used to extract 

salt. For example, in West Africa, in Capcross reserves, 

the evaporation method using solar energy is mainly 

used, but rock salt is also exploited both by vertical well 

drilling and dissolution methods. In vacuum salt 

extraction method, saltwater is turned into a series of 

vertical evaporators connected to each other with 

multiple suction pumps. Sea brines coastal ponds, 

evaporated by sunlight and periodically crystallized salt 

is extracted. 

The technique of evaporating saltwater in order 

to obtain salt is one of the oldest methods. This method, 

while being old, is also the easiest. In this way, the 

saltwater is collected in a small lake and the heat of the 

sun and the action of the wind causes the water to 
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evaporate. Therefore, the salt settles, which is easily 

collected. 

 Solar evaporation has three main conditions: 

 Access to saltwater source  

 Hot and dry weather  

 A suitable smooth and level area for making pits 

that are exposed to the sun's energy.  

For this reason, these places are basically limited 

to the coastal areas of countries with hot climate. It is 

worth nothing that this method can be done in other 

areas along the sea coast. For example, in some parts of 

Ethiopia, many salt springs that originate from dissolved 

rock salt evaporate as local salt sources. Another 

example is extracted from saltwater lakes in Uganda. 

Anyway, the best place is near the sea.  

Some inappropriate methods of salt recovery 

technology are very common in local markets, which 

basically include salt recovery from coasts, sabkhas, 

deltas and playas. 

Salt is also present in evaporating minerals, such 

as sylvinite, which is a combination of halite and sylvite, 

which is potassium chloride. Many Canadian potash 

mines prepare salt in this way. 

The Mediterranean Sea is also an example of 

evaporate mineral formation basins. About 16 million 
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years ago, the Mediterranean Sea completely dried up, 

depositing thick, gypsum and salt that is now exploited 

in southern Spain and elsewhere.  

If a large volume of salt reaches to a depth of 

about 600 to 1000 meters, the movement of the flow 

starts upwards, and this is because of its lesser volume 

compared to the rocks above it. This movement creates a 

salt dome known as diaper, which is chain-like in nature 

and can extend for several kilometers. Oil exploration 

often leads to the discovery of new salt deposits 

(National Geoscience Database of Iran). 

The coasts of Louisiana-Texas in the Gulf of 

Mexico in America have the highest amount of salt 

domes in the world. The volume of the domes can be 

very large and the percentage of salt purity usually varies 

between 90 and 99 percent. Known salt domes contain 

about 100 million tons of salt (National Geoscience 

Database of Iran). 

1-3-2- Exploitation and Extraction of salt in Iran  

There are many sources of halite in Iran and it 

has been one of the country's export goods for many 

years. For example, during the Qajar period, 25,000 to 

30,000 tons of salt were exported from Qeshm Island.  

Most of Iran's rock salt mines are open-pit and 

the extraction method is open-pit mining. There are only 
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3 rock salt mines in Iran that are extracted underground. 

Of these three mines, two mines are in Semnan province 

and one mine is in Khorasan. The extraction methods of 

these three mines is room and pillar method.  

Halite is collected in different ways: 

One of the extraction of rock layers of salt is that 

salt has been left in the form of sedimentary deposits 

from the past, such as the mines around Qom and the 

inner deserts of Iran, as well as the exploitation of salt 

domes, such as the salt domes of the Persian Gulf islands 

(including the mine of Hormoz and Qeshm islands) and 

the salt dome in Near Qom. Another method is to 

separate part of the water from the seas and lakes in the 

form of ponds and collect their salt after evaporation, 

such as extracting salt in the west of Lake Urmia, and 

also exploiting the water of springs that have a large 

amount of dissolved salt, such as the springs of Rudbar 

Alamut, Bostan, Jarquyeh in Isfahan, Bijar in Kurdistan, 

around Khoramabad, Shorab-e-Shahrekord, around 

Eshthard (Karaj) and so on.  

When runnig or underground water passes 

through salty areas, it dissolves some salt and takes it 

with it. Rivers such as Talkehroud and Roudshur are 

among the runnig waters that carry some salt with them. 

Springs are among the salty underground waters that 

when reached to the surface of the earth, their salt will be 

extracted.  
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Karabogaz Bay in Turkmenistan contains a very 

high level of salinity, which has led to the production of 

salt formations, and this is because the entrance of the 

bay allows a small amount of fresh water to enter the 

bay, and this itself causes a small amount of water to 

enter the bay, and result will be deposit on salt. When 

salt enters the water, because it is heavier than water, it 

deposits at the bottom of the water. This means that the 

sea does not need to dry up for salt extraction. 

Soil salt occurs as a surface crust in dry areas in 

ponds and dry lakes, which is known as Playas. This 

type of salt is located in the vicinity of a salt marsh or a 

shallow sea, where these areas are covered with a layer 

of salt and other evaporating minerals. The examples of 

this type of salt are along the coast of the Persian Gulf 

(National Geoscience Database of Iran).  

To extract salt from the bed of salt deposits, the 

methods are not very different, only the use of machines 

and human power will be different. In the past, salt 

harvesting from the margins of Lake Urmia was mostly 

done using hand shovels. After the salt depot, the 

collected product was transferred to a van or a dump 

truck and was transported to the markets. Of course, at 

present, local people who have limited consumption also 

use this method, which is also called the traditional 

method.  
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In many salty lakes, especially in Lake Urmia, 

salt was not extracted from the lake bed under normal 

conditions. Rather, there were bays along the margin of 

this lake that were extracted naturally by the local 

people. When the lake was drained in winter and spring, 

the water level of the lake rose and more surface of the 

margin of the lake was covered by water, so the marginal 

ponds were filled with saltwater. After the end of the 

summer season and the evaporation of the water, which 

leads to a decrease in the height of the water, the 

connection of these ponds with the lake water is cut off, 

and finally, salt deposits are left behind, which has been 

the traditional method of extracting salt. This method of 

extraction has continued for many years when the level 

of the lake was in a normal state, but after the occurrence 

of the water shortage crisis in the lake and the 

continuous decrease of the level of the lake, this method 

is no longer possible to do it. An example of this type of 

extracting was the Qalgachi and Anganeh mines on the 

western margin of the lake and the evaporation ponds of 

the Kaveh Soda factory in the southeast of the lake. 

During the last decade, with the regression of the 

lake's water and the presence of salty sediments, salt 

producers have been forced to go into the lake and 

harvest the sediments directly. In these mines, in some 

places, the salt is collected using human power and hand 

shovels, and then loaded with loaders or shovels that are 

attached to tractors. Also, in some salt mines, for more 
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extraction, salt has been harvested directly from the lake 

bed using a loader.  

While the collected salt contains a large amount 

of water, it is stored in the lake bed for at least one day 

and night, and after reducing the amount of salt water, it 

is loaded and transported to the places of consumption 

(Sajadi & Hashemian, 2001). It should have pointed out 

that salt have important role in drilling, tanneries, 

textiles, acid production and serum production, 

pharmaceuticals, water filtration, etc.  

Also, ice factories, food producers and packaging 

factories, health and cosmetics factories, detergent 

factories, fast food factories, confectioneries, bakeries, 

and all kinds of canned goods are among the major users 

of salt. 

Fisheries are also among the important 

consumers of salt to the extent that fishing salt, is known 

by this name due to the high consumption of fisheries for 

its disinfection (Esm Hosseini Solatifar, 2009). 

To get wetting and drying of the lake causes a 

change in the texture of the salts of the lake bed and 

creates the potential for the salt to be blown by the wind 

and finally a salt storm. Examining the results obtained 

from the studies of the optical depth of the atmosphere 

and aerial images show that in the summer season, there 

is the highest level with the potential to create fine dust. 
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But in early autumn, despite the increase of the water 

level, due to the rise of the underground water level and 

the wetting of the salt after the rains, drying again and 

the wind blowing can cause the dispersion of fine dust. 

During the extraction of salt, the movement of loaders, 

bulldozers, and transportation by trucks destroys the 

cohesive texture of the salt deposit and turns it into a 

powder, which will probably cause the intensification of 

salt pollution. Also, removing salt from the dried bed of 

the lake changes the texture of the deposited salt and 

increases the potential of creating fine dust. 

 

2- Pollution modelling of salt recovery  
In order to investigate the environmental effects 

and determine the amount of pollution caused by the 

activities related to the recovering of salt from Lake 

Urmia, it is necessary to do an accurate modelling of the 

amount and distribution of suspended particles caused by 

these activities. In this regard and according to the 

available physical models, appropriate models should be 

used to provide a proper analysis of the obtained results. 

In order to investigate the effects of wind on air 

pollution, first, the manner of particle diffusion should 

be investigated. The transfer of particles includes three 

mechanisms: erosion, atmospheric dispersion and 

redeposition on the surface. The spreading and 
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dispersion of dust particles will endanger human health 

and destroy the ecosystem.  

For this purpose, it is very important to check and 

control the dispersion of particles. In this part, 

ANSYSFLUENT and ADMS software's will be used 

and the output of these models will be evaluated. 

2-1- Pollutant generation sources  

Here it is assumed that salt extraction takes place 

in a mine with a capacity of 1250 tons per day, which is 

equivalent to the traffic of about 50 eighteen-wheel 

trailers with an average load of 25 tons. 

2-2- Trucks traffic  

To determine the emission coefficient of particles 

from the surface of unasphalted roads, with respect to the 

average volume of materials that are dispersed by trucks 

in one day, and taking into account the average weight of 

the trucks that are moving, by using the following 

formula, the emission coefficient it is calculated for each 

meter of roads: (EPA, Section 13.2.2, 2006) 

𝐸 = 𝑘 (
𝑠

12
)𝑎 (

𝑊

3
)𝑏 

E: Emission coefficient in pounds per mile traveled 

W: average weight of trucks 
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S: the amount of silt load on the road surface in terms of 

percentage 

k, a, b, experimental constants according to the relevant 

tables. 

Also based on the tables in the reference (EPA, Section 

13.2.2, 2006), the following values are considered in the 

calculations: 

k: is equal to 1.5 

a: is equal to 0.9 

b: is equal to 0.45 

s: silt percentage equal to 10% (Arizona Department of 

Environmental Quality, 2004) 

The following equation is used to convert the 

diffusion coefficient obtained from the above equation 

into metric units: 

1 lb/VMT = 281.9 g/VKT 

In other words, each pound per mile is equal to 

281.9 grams per kilometer. The calculations related to 

determining the emission coefficient of particles 

resulting from the traffic of trailers in the assumed salt 

mine are given in the Table 1. Here, it is assumed that an 

eighteen-wheel trailer is used to transport materials, so 

that the weight of the trailer with the load is 40 tons and 

without the load is 15 tons. The average of these two 
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values based on the frequentation of loaded and 

unloaded trailer is calculated as 27.5 tons. (Fariborzi 

Araqi & Salari, 2009) 

For further comparison, two other types of 

transport vehicles, i.e. three-axle truck and dump truck, 

have also been investigated and the emission coefficient 

related to the traffic of these vehicles has also been 

calculated. 

It can be seen that 18-wheel trailer to compare 

with two other type of vehicles has a lower emission 

rate. 

Also, based on the type of dust control method, 

the obtained emission coefficient can be reduced based 

on the Table 2 (Department of Environmental Quality, 

State of Utah, 2015). 

 

Table 1: Efficiency of control methods 

checking  methods 
checking  method 

efficiency (%) 

sprinkling 70 

Watering and improving 

the road surface 
75 

Use of chemical stabilizers 85 
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Table 2: The emission coefficient resulting from the traffic of trailers carrying salt 

Type of salt transporter 
Eighteen 

wheel trailer 

Three-axle 

truck 
Dump truck 

Average weight of trucks (loaded and unloaded) 

(ton) 
27.5 18.5 6.5 

Length of roads (m) 1500 1500 1500 

Amount of displaced material (tons) 1250 1250 1250 

The number of traffics 50 83.3 312.5 

Average number of trucks per hour 2.08 3.47 13.2 

Distance of traffic per day (km) 150 250 937.5 

Emission coefficient (g/VKT) 973 814 508 

Emission coefficient assuming no watering (g/s/m) 0.0005628 0.0007848 0.0018381 

Emission coefficient from the whole road (g/s) 0.84424 1.17718 2.75713 

Emission coefficient assuming watering (g/s) 0.25327 0.35315 0.82714 

Diffusion coefficient assuming the use of chemical 

stabilizer (g/s) 
0.12664 0.17658 0.41357 
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2-3- Accumulation and extraction 

The production of dust particles can happen in 

different stages of the material storage cycle, such as 

material spillage during pile formation and removal from 

the pile and unloading in the material transport vehicle. 

The amount of dust emission in the storage cycle of 

materials depends on the amount of volume of displaced 

materials, also parameters such as pile life, humidity 

level and the amount of fine particles present in the 

materials play an important role in the amount of particle 

emission. 

When fresh material is added to the pile, the 

potential for particle emission is the highest. Fine 

particles are easily released into the atmosphere and are 

scattered around due to air flow. Adding material to or 

removing material from piles results in the production of 

airborne particles. The unloading of materials by loaders 

from trucks also leads to the release of particles. 

The amount of particle emission produced by the 

above activities can be calculated from the following 

empirical relationship (EPA, Section: 13,2,4, 2006) 

𝐸 = 𝑘 (0.0016)
(

𝑈
2.2)1.3

(
𝑀
2 )1.4

 

E: emission coefficient per kilogram per ton 
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k: particle size correction factor equal to 0.35 

U: Average speed in meters per second 

M: the percentage of moisture content of the materials. 

It should be noted that the load of silt is also 

considered in the derivation of this equation, although its 

effect is not directly included in the equation by 

considering the correction factor. But it seems that the 

load of silt and the diffusion coefficient are related to 

each other, however based on the following table's, no 

significant relationship can be seen between them. 
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Amount of 

displaced material 

per day (ton) 

Average 

speed m/s 

relative 

humidity % 

emission 

factor Kg/ton 

Emission 

coefficient g/s 

1250 2.21 0.4 - 22.8 0.00282 0.0815 
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Also, according to the Australian Government, 

NPi, (2012), the value obtained from the above 

relationship should be increased by 5 to 10 times in order 

to comply with the experimental values. 

2-4- Piles of salt accumulation  

The distribution of particles depends on many 

environmental factors, among which the following can 

be mentioned 

1) Wind speed and direction 

Wind speed is the most important factor in the 

amount of deflation. The analyzes are based on the 

highest speed measured at the meteorological station. 

The wind direction is also one of the effective factors in 

the amount of deflation.  

2) Accumulation particles method 

There are different ways to accumulate particles 

for storage. But in most industrial applications, two 

accumulation methods are used that is, conical and linear 

(Figure 6 &Figure 7 &Figure 8). 
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Figure 6: Conical pile dimensions  

 

In the Figure 6, h is the height of the pile and W 

is the width of the maximum cross-section of the pile 

and θ is the angle of the external surface of the pile with 

the horizon.  

Linear piles require special equipment's for 

storage and removal. In some cases, obstacles are created 

around the pile to reduce deflation. Also, in cases where 

there is a need to protect the accumulated materials 

against cold or moisture, covers can be used for 

protection. 
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Figure 7: How to accumulate linearly 

 



Standard Instruction for Salt Extraction from Urmia Lake with Environmental 

Considerations (part I) 
 

33 
 

 

Figure 8: Linear pile dimensions 

 

3) How to arrange the piles against the wind 

There are different arrangements for placing the 

piles against the wind, and it is important to know which 

arrangement will have the least amount of deflation?  

4) The size of the accumulated particles 

The size and density of the particles and grain 

uniformity of the accumulated particles have an effect on 

the amount of threshold friction velocity of salt particles, 

which has a direct effect on the number of particles 

removed from the pile. The greater the relative 
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roughness of the accumulated salt, cause more 

disturbances and the greater the scattering of particles.  

5) The size of the barrier and how the barrier is 

positioned against the wind 

Barrier can prevent pile erosion to a large extent. 

The dimensions of this barrier should be determined 

based on the executive decision and consumptive use.  

6) The amount of surface of the pile that is against the 

wind 

The surface of the pile that is against the wind is 

important for deflation factor. The lower this level is, the 

less deflation.  

7) Velocity profile near the ground surface 

The velocity near the ground surface is not 

uniform and has severe gradients. The speed and 

gradients are determined by natural roughness such as 

mountains, valleys and vegetation and unnatural 

roughness such as buildings, etc.  

8) Moisture of accumulated particles  

Humidity is one of the factors to reduce the 

erosion of materials. In some areas, in order to prevent 

pollution caused by the spreading of particles on the 

piles, liquids are used for stabilization. 
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2-4-1- Empirical approach for particle emission rate 

For the experimental investigation of pollution 

and special manner of particles distribution, new 

parameters must be defined first (Yaping, 2000). 

Threshold friction speed: 

Threshold friction speed is the lowest value of 

the speed at which the accumulated particles are stable 

and do not move at all. This speed is determined based 

on the density, relative roughness and size of the 

particles. To determine the threshold friction speed, a 

material testing laboratory and accurate equipment's are 

needed. But it is possible to use approximately the 

available tables and relationships to obtain the threshold 

friction speed. The Figure 10 & Figure 11 shows two of 

the most famous models related to the threshold 

frictional speed. In these models, the threshold friction 

speed is only dependent on the particle size. Bagnold's 

the model is a linear model that introduced in 1941, and 

based on the theory, that the larger the particle size, the 

higher the threshold friction speed. Bagnold's model is 

far from reality, that's why Greely and Iverson (1985) 

introduced a new model. The Greeley and Iverson model 

is based on the forces between particles and the forces 

applied by the fluid flow. According to this model, the 

value of threshold friction speed is equal to: 

𝑢𝑡
∗ =  𝐴1 √𝜎𝑝𝑔𝑑 𝐹(𝑅𝑒𝑡

∗)𝐺(𝑑) 
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A1 is a constant based on Reynolds friction 

threshold Ret*, σp is the ratio of the substance density of 

the under investigation to the density of the fluid that 

causes deflection (air). g is the value of the standard 

acceleration of the earth's gravity in the universal system 

and is equal to 9.815, F is the Reynolds threshold 

friction function and G(d) is a function of particle 

diameter and relative density. The values of these 

parameters are shown in the following table's. 

 

Ret
* A1 F (Ret

*) 

0.03 ≤ Ret
* ≤ 0.3 0.2 (1+2.5 Ret

*) -1/2 

0. 3 ≤ Ret
* ≤ 10 0.13 (1.928 Ret

0.09 – 1) -1/2 

Ret
* ≥ 10 0.12 1 – 0.0858exp[-

0.0617(Ret
* - 10)] 

 

The value of G(d) can be obtained from the 

following equation: 

𝐺(𝑑) =  (1 + 0.006 / 𝜌𝑎𝑔𝑑2.5)1.2 

Of course, by replacing the density (1.229 

kilograms per cubic meter) and the gravity constant, the 

value of G(d) can be obtained from the Figure 9. 
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Figure 9: The value of G function as a function of particle diameter 

Also, the following diagram (Figure 10) is 

suggested for the F function: 
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Figure 10: The value of F function according to the threshold 

friction Reynolds number function 

 

According to this theory, particles with a 

diameter of approximately 75 micrometers have the 

lowest threshold frictional speed. However, in the size of 

more than 200 micrometers, the two models will be 

conforming. 

On the basis of the above relationships, the value 

of the threshold friction speed can be obtained (Figure 

11) 
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Figure 11: Frictional speed value according to particle diameter 

 

𝜌𝑠𝑎𝑙𝑡 = 2170 𝑘𝑔 𝑚3⁄          𝜌𝑝 =  
𝜌𝑠𝑎𝑙𝑡

𝜌𝑎𝑖𝑟
= 1765.66        𝑑

= 100 𝜇𝑚 

𝑅𝑒𝑡
∗ =  

𝜌𝑢𝑑

𝜇
= 68.17     1

− 0.0858 exp[−0.0617(𝑅𝑒𝑡
∗ − 10)]

= 0.9976        𝐴 = 0.12 

𝐺(𝑑) =  (1 + 0.006 / 𝜌𝑎𝑔𝑑2.5)1.2 = 1.01 
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Therefore, the value of the frictional speed is equal to: 

𝑢𝑡
∗ =  𝐴1√𝜎𝑝𝑔𝑑 𝐹(𝑅𝑒𝑡

∗)𝐺(𝑑) = 0.1591     𝑚/𝑠 

After obtaining ut
*, the velocities u10

+ and ratios  
𝒖𝒔

𝒖𝒓
  must be extracted to calculate u*. 

u10
+ is the speed at a distance of 10 meters from 

the ground surface. If we have the velocity at another 

distance from the earth's surface, we can convert it to 

u10
+ with the following equation: 

𝑢10
+ =  𝑢+  

𝑙𝑛(10.0 / 0.005)

𝑙𝑛(𝑧 / 0.005)
 

Where z is the speed at a distance of 10 m from 

the ground surface. Considering that in meteorological 

stations, the speed is measured at a distance of 10 

meters, there is no need to use the above relationship. 

According to (EPA Section 13.2.5, 2006), all points of 

the pile are not exposed in the same extent to the wind, 

and in some points on the pile wind speed is higher, so 

the deflation is naturally higher in those places. For 

example, a conical pile is shown in the Figure 12 & 

Figure 13. The Figure 13 is the result of modelling and 

the Figure 12 is based on the EPA Section 13,2,5, 

(2006). 
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Figure 12: Velocity contour on pile based on top view 

 

 

Figure 13: 
𝒖𝒔

𝒖𝒓
 velocity contour at different points of the pile 
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As it is clear from Figure 12 & Figure 13, in most 

of the points of the pile, the ratio of  
𝒖𝒔

𝒖𝒓
 is between 0.2 

and 0.6, and in a small part that is mainly located in the 

highest part of the pile, the amount of  
𝒖𝒔

𝒖𝒓
  reaches 0.9. In 

Table 3, the value of  
𝒖𝒔

𝒖𝒓
  is based on the geometry of pile 

and wide direction. 
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Table 3: 
𝒖𝒔

𝒖𝒓
  value based on pile geometry and wind direction 

Pile shape 
Area 

name 

Portion 

of the 

total 

area (%) 

Amount 

of  
𝒖𝒔

𝒖𝒓
 

 

0.2 a 5 0.2 

0.2 b 35 0.2 

0.2 c 0 0.2 

0.6 a 48 0.6 

0.6 b 0 0.6 

0.9 12 0.9 

1.1 0 1.1 

 

 

0.2 a 5 0.2 

0.2 b 2 0.2 

0.2 c 29 0.2 

0.6 a 26 0.6 

0.6 b 24 0.6 

0.9 14 0.9 

1.1 0 1.1 
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0.2 a 2 0.2 

0.2 b 28 0.2 

0.2 c 0 0.2 

0.6 a 29 0.6 

0.6 b 22 0.6 

0.9 15 0.9 

1.1 3 1.1 

 

 

0.2 a 3 0.2 

0.2 b 25 0.2 

0.2 c 0 0.2 

0.6 a 28 0.6 

0.6 b 26 0.6 

0.9 14 0.9 

1.1 4 1.1 

 

 

For example, in the case of last line of Table 3, it 

can be said that if the shape of the pile is linear and the 

wind blows at an angle of 40 degrees to the pile, then 4% 

of the outer surface of the pile is exposed to the wind 

with a ratio of  
𝒖𝒔

𝒖𝒓
= 1.1. The outer area of the conical 

pile is calculated from the following equation. 

𝐴𝑠 =  𝜋𝑟 √𝑟2 +  ℎ2 
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In order to compare the different types of piles, 

the equivalent volume should be modelled in different 

forms against the wind flow, and in each of the methods, 

that the amount of mass displaced by the wind is less, 

that form is more optimal. In this regard, we consider 

four different forms: (Figure 14). 
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Figure 14: Shape of the studied piles 
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1) A conical pile with a capacity of 181.4 tons of 

salt, the diameter and height of this pile are 11.99 

and 3.81 meters, respectively. 

2) Two conical-shaped piles, each of which has a 

capacity of 90.7 tons. The diameter of the pile is 

9.5 meters and its height is 3.05 meters. 

3) A linear pile with a capacity of 181.4 tons. The 

length of the pile is 7 meters, the diameter of the 

pile is 6.7 meters, with a height of about 2.55 

meters. 

4) A linear pile whose upper surface is triangular 

instead of circular. The capacity of this pile is 

also 181.4 tons. Outer surface area of different 

piles is given in Table 4. 

 

Table 4: External surface area of investigated piles 

Pile 

number 
1 2 3 4 

External 

area (m2) 
133.78 168.47 115.62 138.16 

 

In Table 5, the amount of area corresponding to 

different ratios of  
𝒖𝒔

𝒖𝒓
  for all four types of piles is shown. 
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Table 5: Area corresponding to different 
𝒖𝒔

𝒖𝒓
 ratios for piles 

Pile number 
𝒖𝒔

𝒖𝒓
= 𝟎. 𝟐 

𝒖𝒔

𝒖𝒓
= 𝟎. 𝟔 

𝒖𝒔

𝒖𝒓
= 𝟎. 𝟗 

𝒖𝒔

𝒖𝒓
= 𝟏. 𝟏 

The total area of 

different areas 

(m2) 

1 53.51 64.21 16.05 0.0 133.78 

2 67.38 80.86 20.21 0.0 168.47 

3 41.62 57.81 16.18 0.0 115.62 

4 49.73 69.08 19.34 0.0 138.16 
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According to Table 4 &Table 5, it can be seen 

that the outer surface of conical piles is more, but on the 

other hand, there are areas in linear piles where the speed 

is high, while these areas are less in linear piles. It is 

possible to compare the dispersion and pollution of these 

piles by numerical fluids methods. 

Now we can calculate the value of us
+ using the 

following relationship. Also, based on the 

meteorological information, the rate of u10
+ is around 11 

meters per second. 

𝑢𝑠
+ =  

𝑢𝑠

𝑢𝑟
 𝑢10

+  

Then, the following relationship can be used to 

obtain the friction speed in each sub-region. 

𝑢∗ =  
0.4 𝑢𝑠

+

25
ln 0.5

= 0.1 𝑢𝑠
+ 

In the next step, the deflation potential that is P, 

must be calculated, and value of this variable is equal to: 

𝑃 = 58 (𝑢∗ −  𝑢𝑡
∗)2 + 25 (𝑢∗ −  𝑢𝑡

∗) 

 

Table 6 showing the calculation of frictional 

speed and deflation potential 
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Table 6: Calculation of frictional speed and wind potential 

𝒖∗ = 𝟎. 𝟏𝒖𝒔
+(

𝒎

𝒔
) 

𝒖𝒔

𝒖𝒓
= 𝟎. 𝟐 

𝒖𝒔

𝒖𝒓
= 𝟎. 𝟔 

𝒖𝒔

𝒖𝒓
= 𝟎. 𝟗 

𝒖𝒔

𝒖𝒓
= 𝟏. 𝟏 

0.22 0.66 0.99 1.21 

1.73 27.07 60.81 90.32 

 

No movement occurs at frictional speeds lower 

than the threshold frictional speed. But at higher speeds, 

some salt particles will move. If we multiply the value of 

P by its corresponding level, then the total amount of 

pollution produced by the deflation will be obtained 

(Table 7). 
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Table 7: Calculation of the amount of wind diffusion coefficient 

Pile number 
𝒖𝒔

𝒖𝒓
= 𝟎. 𝟐 

𝒖𝒔

𝒖𝒓
= 𝟎. 𝟔 

𝒖𝒔

𝒖𝒓
= 𝟎. 𝟗 

𝒖𝒔

𝒖𝒓
= 𝟏. 𝟏 Total (gr) 

1 92.57 1738.16 976.00 0.0 2806.73 

2 116.56 2188.88 1228.98 0.0 3534.41 

3 72.00 1564.91 983.90 0.0 2620.81 

4 86.03 1870.13 1176.06 0.0 3132.22 
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Based on the Table 7, it can be seen that linear 

piles totally produce less pollution in total. Also, if the 

top surface of the pile is closer to the circle form, then 

the surface exposed to wind will decrease and as a result, 

the amount of deflation will be less.  

Considering the above instances, 
𝒖𝒔

𝒖𝒓
 values have 

been investigated by changing the wind direction from 

perpendicular to the pile to a state with different angles, 

and taking into account the equations related to the 

frictional speed and the threshold frictional speed, as 

well as the calculations related to the wind blowing 

potential, it can be concluded that any amount of wind 

blowing on the pile from vertical to parallel, the amount 

of deflation and as a result the pollution caused by the 

emission of particles is reduced. It is worth mentioning 

that in general, it is not possible to consider a direction 

where the winds of that area are always parallel to the 

desired pile, but by taking into account the dominant and 

semi-dominant wind direction, one can choose a 

direction for the pile that has the least deviation from the 

different winds during the day and night. By considering 

different shapes of piles (four types of arrangement) and 

also by considering the calculations made in Table 7, it 

can be seen that the more piles are accumulated, the 

amount of deflation will decrease. For example, it 

instead of two conical pile if a larger conical pile is used, 

the amount of particles emitted from the surface of the 
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pile will be less. Also, if the materials are piled in a 

linear way so the amount of deflation will reach its 

lowest value. It is also worth noting that the creation of 

sharp corners in pile increasing the amount of deflation. 

Therefore, the extraction area should have the smallest 

dimensions in the direction of the prevailing wind. 

2-4-2. CFD dynamic fluids analysis  

For analysis with the help of computational fluid 

dynamics software, gridding must be done on the entire 

geometry. This type of gridding is very important and 

can reduce the analysis time and greatly increase the 

accuracy of the solution. A good network refers to a 

network that fosses the following two features at the 

same time:  

1) At the points where the changes of the problem 

variables are large, the grid should be finer so 

that it can record all the changes of the problem 

well. 

2) It is preferable that the lines of the grid both 

inside and in the surfaces of the grid to be 

perpendicular to each other. In this case, the 

errors are reduced by smoothness.  

In places where the geometry is irregular, regular 

gridding cannot be used and we must use triangular 

elements. There are different methods for problem 

gridding algorithm. In these problems, the Delaware 
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algorithm has been used. The advantage of using the 

Delaware algorithm is that it reduces the number of 

networks compared to other methods (Figure 15 & 

Figure 16 & Figure 17 & Figure 18). 

 

 

Figure 15: Gridding around pile number 1  
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Figure 16: Gridding around pile number 2  

 



Standard Instruction for Salt Extraction from Urmia Lake with Environmental 

Considerations (part I) 
 

56 
 

 

Figure 17: Gridding around pile number 3  

 

Figure 18: Gridding around pile number 4  
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In the gridding of the above geometries, it has 

been tried to make the smaller gridding around the pile 

wall in order to model the main factor of deflation, 

correctly. For the upper and side walls, square grids, and 

for the lower wall, triangular elements have been used. 

The gridding inside the geometry is done by 

quadrilateral and hybrid elements. The quality of 

gridding has been checked by Gambit software for all 

geometries and the skewness value and the aspect ratio 

are suitable for most of the cells (Table 8). 

 

Table 8: The number of cells in the modelling network  

Pile number 1 2 3 4 

The number 

of cells 
42472 63682 66745 49379 

 

After gridding the geometry, we need to set the 

solution parameters, which include boundary conditions, 

initial conditions, solvent type, discretization order, 

turbulence model, solvent accuracy, etc.  

The boundary conditions of the problem are 

assigned for all geometries based on Figure 19. Also, the 

dimensions of the solution domain are also shown in 

Figure 19. These dimensions should be chosen in a way 
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that has the least impact on the flow. Of course, 

increasing details too much also increases the 

computational cost and processor time, which is not 

desirable. 

 

 

Figure 19: Boundary conditions used to solve the problem  

 

The problem is defined as stable and invariant 

with time. Because the velocity in the solution field is 

much lower than 0.3 Mach, and there is no need to 

consider the variable density. For turbulence modelling, 
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there are different models, each of which has a specific 

application based on the type of geometry.  

Turbulent flow [Wilcox, Turbulence Modelling for 

CFD] 

This flow has a very random and disorganized 

behavior. In this flow, due to intense mixing processes, 

(except in the areas very close to the wall), the shape of 

the flow layers is not easily recognizable and the fluid 

molecules do not follow a specific path. In other words, 

turbulent flow is a type of fluid flow in which the fluid is 

subjected to flow fluctuations and intense mixing 

processes. This behavior is contrary to the behavior of 

smooth flow in which the fluid flow moves under certain 

layers and paths. In a turbulent flow, the measure of the 

velocity at any point is constantly, both in magnitude and 

in the direction of motion under fluctuation and 

variation, so that the detection of the position of each 

particle within the field of flow and also at every 

moment is difficult.  

The same situation of permanent and unspecified 

fluctuations in the speed can be seen in the pressure, 

temperature and density of any point. Of course, the 

measure of density fluctuations is only observed in 

compressible flows or flows involved in free 

displacement heat transfer. 
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The turbulent flow of a roaring river or turbulent 

wind currents are clear examples of turbulent flows, 

although the average velocity may be low in these flows. 

Most of the flows that we deal with in engineering 

problems are considered turbulent flows, except for 

flows with very small Reynolds numbers, or flows very 

close to the edge of objects, or layers very close to the 

solid surfaces of objects, or fluids with high viscosity. In 

general, characteristics of a turbulent are as follow: 

1) spatio-temporal irregularity;  

2) spatial and temporal continuous spectrum;  

3) high Reynolds numbers;  

4) Increased decay of energy and size of movement;  

5) Mixing and increased heat transfer and increased 

shell drag coefficient;  

6) Being three-dimensional even in flows that are 

apparently two-dimensional;  

7) Dominant rotational movements;  

8) Periodicity 

Direct examination of disturbance:  

If we want to examine the turbulence completely, 

we must make the grid fine enough to be able to examine 

all the vortices and eddies. This work is not possible in 

practice because, despite this number of networks, the 

calculation time for an advanced home computer needs 

at least 15 years. This method is called direct numerical 

simulation and is possible through supercomputers. For 
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this reason, the importance of turbulence modelling 

becomes clear.  

Turbulence modelling: 

Dominant equations:  

In order to investigate the flow field on the pile, 

since the type of flow is turbulent flow, time-dependent 

Navier-Stokes equations must be solved. But for the 

simplicity of solving the equations, the time averaged 

equations are solved first and then the turbulence 

equations are added to them. Then all these equations are 

solved together. Momentum and mass conservation 

equations are as follows: 

𝜕𝜌

𝜕𝑡
+  

𝜕

𝜕𝑥𝑖

(𝜌𝑢𝑖) = 0 ∙ 0 

The above equation is the continuity equation. xi 

are the dimensional parameters of the question, also 

because the problem is incompressible, the above 

equation becomes as follows: 

𝜕

𝜕𝑥𝑖
 (𝑢𝑖) = 0 ∙ 0 

The second equation that is discussed in all fluid 

problems is the momentum equation: 

𝜕

𝜕𝑡
 (𝜌𝑢𝑖 +  

𝜕

𝜕𝑥𝑖
 (𝜌𝑢𝑖𝑢𝑗)) =  −

𝜕𝑝

𝜕𝑥𝑖
+  

𝜕𝜏𝑖𝑗

𝜕𝑥𝑖
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In the above equations, ρ is fluid density, ui is the 

velocity component in the xi direction and τij is the shear 

stress in the xy plane. 

Time-averaged Navier-Stokes equations 

Navier-Stokes equations are actually an 

important part of hydrodynamic equations to describe the 

velocity in the flow field. Of course, the continuity 

equation is also very fundamental for satisfying the 

continuity in the flow field. Navier-Stokes equations and 

its different components in tensor form are explained 

first. These equations are the result of force balance 

based on Newton's second law. The velocity field at a 

point of turbulent flow is usually as follows (Figure 20). 
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Figure 20: Velocity value at a specific point of the velocity field 

 

The flow is always unstable because the velocity 

inside the field never has a specific value and change 

every moment. But the turbulent flow can be considered 

constant, that is, approximately these speed values will 

be repeated. But in processes that are accompanied by 

disturbances, stability means that the amount of 

disturbance production is equal to the amount of 

overthrow. In order to simplify the momentum equation, 

the first speed will be divided into two oscillating and 

non-oscillating parts, which is shown in the Figure 20, 

and then averaging on the equation.  
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This method is called Reynolds averaging, which 

is the basis of almost all turbulence equations. 

𝑈 = 𝑢 + 𝑈̅ 

After replacing the speed with an average and 

oscillatory value and applying averaging on the 

equations, we get the following relationship: 

𝜕𝑈̅

𝜕𝑡
+  𝑈̅𝑗  

𝜕𝑈̅

𝜕𝑥𝑗
=  

1

𝜌
 

𝜕

𝜕𝑥𝑗
 (−𝑃𝛿𝑖𝑗 −  𝜌𝑢𝑖𝑢𝑗̅̅ ̅̅ ̅) 

In the above equation, δij is known as 

Kronecker's delta, which is the same as the matrix, and 

all members of the main diameter are equal to 1 and the 

rest of the members are zero.  

Relations to find the velocity dependence: 

To have a look at the above equation, we will 

notice that all the terms except 𝑢𝑖𝑢𝑗̅̅ ̅̅ ̅ are known. This 

term is known as the velocity dependence, which is the 

main factor in creating disturbances, and the main 

purpose of modelling is to obtain this value. However, 

other equations such as energy and concentration 

equations, etc., other correlations such as velocity-

temperature correlation, pressure-velocity correlation, 

and velocity-concentration dependence is obtained, 

which is the main goal of modelling, but since we do not 

need the equation of energy and concentration in the salt 

pile modelling, the only existing correlation will be 𝑢𝑖𝑢𝑗̅̅ ̅̅ ̅. 
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There are various relationships to determine the value of 

this term. Some of these relationships are as follow: 

Buzinsk relationship:  

This equation is the main relationship for 

determining 𝑢𝑖𝑢𝑗̅̅ ̅̅ ̅ and is expressed as follows: 

𝑢𝑖𝑢𝑗̅̅ ̅̅ ̅ =  −𝑣𝑡  (
𝜕𝑣𝑖

𝜕𝑥𝑗
+  

𝜕𝑢𝑗

𝜕𝑥𝑖
) −  

2

3
𝑘𝛿𝑖𝑗 

Vt is the value of turbulent viscosity, which is 

obtained based on the modeling method. By inserting 

and rewriting the equation, we have: 

𝜕𝑈̅

𝜕𝑡
+  𝑈𝑗̅  

𝜕𝑈̅

𝜕𝑥𝑖
=  

1

𝜌
 

𝜕

𝜕𝑥𝑖
 (−𝑝𝛿𝑖𝑗 +  𝜌𝑣𝑡  (

𝜕𝑣𝑖

𝜕𝑥𝑗
+  

𝜕𝑢𝑗

𝜕𝑥𝑖
)

+ 
2

3
 𝜌𝑘𝛿) 

The goal of modelling is to find the value of Vt, 

and then by putting the value of Vt
1 in the Buzinsk 

equation, the velocity correlation value is obtained. The 

characteristic of the simplicity of the relation is easy to 

apply it to all equations. The main problem of this 

relationship is in the modelling of strongly rotating 

flows.  
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Speziale relationship: 

This model was presented by a German scientist 

and has the ability to solve non-isotropic flows. Non-

isotropic flows are flows that do not have the same value 

in different directions at a point of disturbance. 

−𝜌𝑢𝑖𝑢𝑗̅̅ ̅̅ ̅ = 2𝜇𝑡𝑆𝑖𝑗 −  
2

3
 𝜌𝑘𝛿𝑖𝑗 + 4𝐶𝑠𝑝𝐶𝜇

𝑘

𝜀
𝜇𝑡[𝑆𝑖𝑘𝑆𝑘𝑗

+  𝑆𝑖̅𝑗 −  
1

3
 (𝑆𝑚𝑛𝑆𝑚𝑛 +  𝑆𝑚̅𝑛)𝛿𝑖𝑗] 

C and Csp are two specific constants, k is the 

kinematic energy of the flow, ε is the value of the flow 

overthrow, and  𝑺̅𝒊𝒋 is defined as follows: 

𝑆𝑖̅𝑗 =  −
𝜕𝑢𝑖

𝜕𝑥𝑘
 𝑆𝑘𝑗 −  −

𝜕𝑢𝑗

𝜕𝑥𝑘
 𝑆𝑘𝑖 

The main weakness of speziale relation is in 

predicting secondary flows. They are secondary currents 

that are created due to non-isotropic stresses in the 

sections of Poiseville currents. One of the examples of 

this type of flow is the flow due to pressure difference in 

circular sections. 

 

Launder relationship  

This relation is a very complex relation that has 

the ability to solve eddy and non-isotropic flows 
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completely, but it takes a long time. While the equations 

of this method are very long therefore, are beyond the 

scope of this topic.  

After equating the velocity correlations with the 

flow parameters, it is necessary to find the value of 

turbulent viscosity or Vt. Various models have been 

introduced for this purpose. Each of these equations 

solves a number of equations to obtain the value of Vt. 

For example, the k  ε model solves two equations to 

obtain the turbulent viscosity, therefore it is a two-

equation model (Table 9). 
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Table 9: Modelling base on Reynolds Average Navier-Stokes 

Basic 

relati

ons 

Models based on 

Eddy viscosity 

(Vt) 

More accurate methods 

Buzi

nsk 

Zero 

equat

ion 

One 

equat

ion 

Two 

equat

ion 

Large 

eddy 

simula

tion 

Reyno

lds 

stress 

model

ling 

Direct 

Numer

ical 

simula

tion 

Spezi

ale 
Mixi

ng 

lengt

h and 

algeb

raic 

mode

ls 

Spara

t 

Alma

ras 

k - ε 

Laun

der 

Bald

win 

& 

Lom

ax 

k - ω 

k 
SST 

k - ω 

 

Accordingly, the smaller the grid and the number 

of solved equations, the higher the accuracy of 

turbulence modelling. 

 

Wilcox disturbance model k-ω: 

The general mode of k-ω models uses the 

turbulence frequency ω instead of the viscous decay rate 
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ε to specify the turbulence. Such models are more related 

to k-ε model. In Wilcox k-ω model, relation between 

longitudinal and velocity disturbance, that is, δt and μt 

with k (kinematic energy) and disturbance frequency ω 

are established as follows: 

𝛿𝑡  ∝  
√𝑘

𝜔
 

𝑢𝑡  ∝  √𝑘 

The disturbance frequency ω can be related to the 

values of k and ω by the expression ω = εk. In the 

mentioned relationship, ε represents the dissipation of 

turbulence and the viscosity of turbulence μt is obtained 

by the following equation: 

𝜇𝑡 =  𝐶𝜇𝜌 
𝑘

𝜔
 

The transfer equations for k and ω in Wilcox 

model are as follows: 

𝜌
𝜕𝑘

𝜕𝑡
+  𝜌𝑢𝑗𝑘𝑗 = [𝜇 +  

𝜇𝑡

𝜎𝑘
𝑘𝑗]𝑗 + 𝐺 + 𝐵 −  𝜌𝜔𝑘 

 

𝜌
𝜕𝜔

𝜕𝑡
+  𝜌𝑢𝑗𝜔𝑗 = [𝜇 +  

𝜇𝑡

𝜎 𝜀
𝜔𝑗]𝑗 + 𝐶1

𝜔

𝑘
𝐺

+  𝐶1(1 − 𝐶3)
𝜔

𝑘
𝐵 −  𝐶2𝜌𝜔2 
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In the above equations r = density, k = kinematic 

energy, time, μj = velocity component, G = shear 

generation, B = Buoyancy wastage. Generation 

coefficiency of Wilcox model can be determined by 

using Table 10. 

 

Table 10: Wilcox model disturbance coefficients 

σk σε Cμ C1 C2 

2 2 0.09 0.555 0.8333 

 

Characteristics of Wilcox model k-ω: 

The Wilcox k-ω model performs better than the 

standard k-Ɛ model in flows that include deceleration and 

separation due to reverse pressure gradient. Since k-Ɛ 

models belong to the category of Reynolds models (that 

is, they provide good results only in regions with high 

Reynolds number), in order to solve the equations in the 

regions near the wall, which are locally considered as 

regions with low Reynolds number, encounter with 

many problems. But the Wilcox k-ω model can be used 

to predict the changes of turbulent variables up to the 

edge of solid walls (and of course by using dense 

elements near the wall).  

The Wilcox model that predicts the values for the 

dispersion rate of free shear flows, is in close agreement 
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with the measured values for distant eddies, mixing 

layers, planar, circular and radial directions, and 

therefore, this model can be used for wall-enclosed flows 

and to some extent for free shear flows. 

Shear stress transfer model k-ω: 

The SST.k-ω model was presented by Mentz in 

order to combine the accurate and powerful formulation 

of the k-ω model in the areas near the wall, with the 

independent k-Ɛ model of the free flow in the areas far 

from the wall. This means that the resulting model 

simultaneously has the high capability of the k-ω model 

in the regions with low Reynolds number and the high 

capability of the k-Ɛ model in the regions with the high 

Reynolds number.  

The SST. k-ω model is very similar to the 

standard k-ω model, but includes the following 

optimizations: (It should be noted that the standard k-ω 

model was developed on the basis of the Wilcox k-ω 

model, which contains improvement for the effects of 

low Reynolds number, compressibility and dispersion of 

shear flow).  

a) The standard k-ω model and the transformed 

form of the k-Ɛ model are both multiplied by a 

fusion function and then the two models are 

added together.  
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In fusion function the value of one is in the 

areas near the wall (which activates the k-ω model in 

those areas) and a value of zero in the areas far from 

the wall (which activates the transformed form of the 

model). 

It should be noted that although this method 

can significantly increase the capabilities of both 

models, but due to the conversion process from one 

model to another, this model often faces unstable 

behaviors or weak convergences.  

b) b) The SST model has a cross diffusion 

derivative term in the ω equation. 

c) c) The definition of turbulence viscosity μt in 

order to account for the effects of the transfer of 

the main shear stresses of the turbulent flow, has 

been changed. 

d)  d) The constants of the model have been 

changed compared to the standard k-ω model. 

These characteristics have made the SSTk-ω 

model much stronger and more reliable than the standard 

k-ω model for a wide range of flows (such as flows 

containing reverse pressure gradients, airfoils, and shock 

waves). In order to compare the turbulence intensity of 

each flow, the dimensionless and time-uniformized value 

of the square of velocity fluctuations is used: 
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ℶ =  
[(𝑢𝑡2)]

1
2

𝑢̅
=  

[
1
𝑇 ∫ 𝑢𝑡2𝑑𝑡]

𝑇

0

1
2

𝑢̅
 

The usual values of turbulence intensity are:  

1) For completely calm flow ℶ = 0 

2) For a well-designed wind tunnel, ℶ ≈ 0.01 

3) For river currents or atmospheric currents, ℶ >

0.1 

4) For very turbulent flows, such as the flow in 

roaring rivers or the flow behind fast moving 

objects, ℶ ≫ 1.0 

To measure the perturbation length near the solid 

surface, due to the comforting nature of the flow, lm must 

go to zero faster than y. Therefore, a correction 

coefficient named "Van Drist damping coefficient" 

should be used: 

𝑙𝑚 = 𝑘𝑦 (1 − 𝑒− 𝑦+ / 𝐴1
+

) 

In the above equation, k is Carmen's constant and 

its value is approximately equal to 4.0  and A1
 is equal 

to 26. 

According to the correction term in the above 

relation, it can be shown by using the mathematical 

expansion of the part related to the corrected term that 

whenever y→0 goes, then becomes lm μ y2. The 

correction factor lm should always be chosen so that 
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when y→0, lm tends to zero faster than y, that is, lm μ yn, 

so that it is n>1. 

Turbulence model k  ε: 

This model is the most famous and widely used 

turbulence model, and due to a large number of 

corrections on this model, it has more accurate results 

than other models. The main application of this model in 

geometrical factors are as follows:  

1) The dissolution of eddies in the combustion 

phenomenon  

2) Buoyant currents in buildings or on structures  

3) Flow in pipes with sudden contraction  

4) Modelling of the ignition phenomenon  

5) Flow inside a bunch of heat exchanger tubes  

6) Flow inside pipes with circular sections and 

intermittent pressure changes  

7) Modelling dispersion of pollution in the 

atmosphere and water  

8) Studying the expansion of jets in a stationary 

environment  

9) Flow in vessels and pressure waves inside oil and 

gas transmission pipes  

10) The flow inside the manifold of internal 

combustion engines 

Of course, this model faces problems in 

modelling of strongly rotating flows and modelling of 
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the boundary layer. The main reason is the existence of 

many sources terms inside the boundary layer and 

rotational currents, which creates problems for the 

stability of this method. 

2-4-3. CFD Analyzes 

Speed investigation on the pile:  

The input speed is 11 meters per second. But the 

maximum speed on the pile is higher than the input 

speed. Usually, the highest speed occurs on the highest 

level of the pile.  

Next, we will draw the speed contour together 

with the speed vectors to display the speed field more 

clear (Figure 21 & Figure 22 & Figure 23 & Figure 24). 
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Figure 21: Speed distribution together with speed vectors on pile 

number 1 
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Figure 22: Velocity distribution together with velocity vectors on 

pile number 2 
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Figure 23: Speed distribution together with speed vectors on pile 

number 3 
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Figure 24: Speed distribution together with speed vectors on pile 

number 4 
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The maximum speed for each pile is listed in Table 11. 

 

Table 11: Maximum speed on the pile 

Pile number 1 2 3 4 

Maximum speed on the pile (m/s) 17.74 16.61 16.19 15.61 
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It is worth noting that, the above criteria cannot 

be used as a measure of deflation. But the heterogeneity 

of the speed makes the amount of deflation from all 

points of the pile not the same and deflation from some 

points is more. In other words, as can be seen from the 

contours drawn for the speed distribution on the pile 

surface, the amount of the wind speed is not the same in 

different parts of the pile surface, that is, for some parts 

there is the lowest wind speed and for others the highest 

flow speed. This subject causes the wind to be waried 

from different parts of the pile. Only for some points 

where the maximum speed of the flow occurs, the 

highest deflation is observed.  

Flow lines are those lines that are tangent to the 

velocity vector at any moment. Also, the direction of the 

velocity indicates the movement path of a particle in the 

physical field. Therefore, the flow lines approximately 

indicate the movement path of very light particles. If the 

mass of the particle and other volumetric forces are 

considered in the field, then the trajectory of some of the 

particles will change (Figure 25 & Figure 26 & Figure 27 

& Figure 28). 
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Figure 25: Transient flow lines on pile number 1 
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Figure 26: Transient flow lines on pile number 2 
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Figure 27: Transient flow lines on pile number 3 
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Figure 28: Transient flow lines on pile number 4  

 

Due to the higher height of this particular type of 

pile, eddy currents are formed behind this pile. The 

difference between the front and back speeds of this type 

of pile is more than other piles.  

Now, the pressure distribution is examined. The 

pressure distribution on the pile can be related to the 

flow direction in the pressure field. In the pressure field, 

the direction of fluid movement is from the side of 
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higher pressure to the side of lower pressure (Figure 29 

& Figure 30 & Figure 31 & Figure 32). 

 

 

Figure 29: Pressure distribution on pile number 1 and around the 

pile  

 

It is clear from Figure 29 that the lowest amount 

of pressure occurs in the place that has the highest speed. 

Also, the highest pressure occurs at low speed points. 
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Figure 30: Pressure distribution on pile number 2 and around the 

pile 

 



Standard Instruction for Salt Extraction from Urmia Lake with Environmental 

Considerations (part I) 
 

88 
 

 

Figure 31: Pressure distribution on pile No. 3 and around the pile 
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Figure 32: Pressure distribution on pile number 4 and around the 

pile 

In order to better investigate the phenomenon of 

deflation, it is better to plot the speed and pressure at 

different sections of the pile to get a better understanding 

of the speed around the pile. For this purpose, the 

velocity and pressure have been drawn on the middle 

surface of the pile (Figure 33 to Figure 49) 

The location of these plains is shown in the 

Figure 33. 
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Figure 33: Layout of transmissive planes from the middle of the pile 

 

Velocity and pressure distribution on the plane 

passing through the middle of the piles in the x direction 
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Figure 34: Pressure field distribution on pile number 1 on the plane 

passing through the middle of the pile in the x direction 
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Figure 35: Velocity field distribution on pile number 1 on the plane 

passing through the middle of the pile in the x direction 
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Figure 36: Pressure field distribution on pile number 2 on the plane 

passing through the middle of the pile in the x direction 
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Figure 37: Velocity field distribution on pile number 2 on the plane 

passing through the middle of the pile in the x direction 
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Figure 38: Pressure field distribution on pile No. 3 on the plane 

passing through the middle of the pile in the x direction 
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Figure 39: Velocity field distribution on pile No. 3 on the plane 

passing through the middle of the pile in the x direction 
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Figure 40: Distribution of the pressure field on pile number 4 on the 

plane passing through the middle of the pile in the x direction 
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Figure 41: Velocity field distribution on pile number 4 on the plane 

passing through the middle of the pile in the x direction 
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Figure 42: Pressure field distribution on pile number 1 on the plane 

passing through the middle of the pile in the z direction 
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Figure 43: Velocity field distribution on pile number 1 on the plane 

passing through the middle of the pile in the z direction 
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Figure 44: Pressure field distribution on pile number 2 on the plane 

passing through the middle of the pile in z direction 
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Figure 45: Velocity field distribution on pile number 2 on the plane 

passing through the middle of the pile in z direction 
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Figure 46: Pressure field distribution on pile No. 3 on the plane 

passing through the middle of the pile in z direction 

 



Standard Instruction for Salt Extraction from Urmia Lake with Environmental 

Considerations (part I) 
 

104 
 

 

Figure 47: Velocity field distribution on pile number 3 on the plane 

passing through the middle of the pile in z direction 

As can be seen in the Figure 33 to Figure 47, the 

distribution of speed and pressure in the pile 47 is more 

uniform than other piles, which makes the amount of 

deflation from this pile less than other piles. 
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Figure 48: Pressure field distribution on pile number 4 on the plane 

passing through the middle of the pile in z direction 
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Figure 49: Velocity field distribution on pile number 4 on the plane 

passing through the middle of the pile in z direction 

In this pile, due to the presence of walls facing 

the wind, there is a strong front against the wind, which 

results in the formation of an eddy flow behind the pile. 
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2-4-4- Investigating the effects of creating a barrier in 

front of the pile 

In order to investigate the effects of the presence 

of a barrier in front of the salt piles, another modelling 

has been done by creating a barrier with a height of one 

meter and at a distance of one meter from the four 

mentioned piles. The geometry and meshing related to 

pile number one is shown in Figure 50. 

 

 

Figure 50: Meshwork of the model created for the barrier in front of 

pile number 1 
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For a better comparison, the velocity contour on 

the surface of the piles in two cases without obstacles 

and with obstacles are placed next to each other, which 

are presented in Figure 51 to Figure 58. Also, the average 

speed on each of these levels has been compared with 

each other in Table 12. According to the following 

figures, it can be seen that due to the installation of the 

barrier in front of the pile, the range of the contours 

where the speed value is high is reduced compared to the 

case where the barrier is not used, and as a result, the 

speed on the surface of the pile with the barrier reduced 

to an unobstructed level. 
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Figure 51: Speed contour on file number 1 (without barrier) 

 



Standard Instruction for Salt Extraction from Urmia Lake with Environmental 

Considerations (part I) 
 

110 
 

 

Figure 52: Speed contour on file number 1 (with barrier) 
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Figure 53: Speed contour on file number 2 (without barrier) 
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Figure 54: Speed contour on file number 2 (with barrier) 
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Figure 55: Speed contour on file number 3 (without barrier) 
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Figure 56: Speed contour on file number 3 (with barrier) 
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Figure 57: Speed contour on file number 4 (without barrier) 
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Figure 58: Speed contour on file number 4 (with barrier) 
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Table 12: Comparison of the speed on the surface of the piles in the 

state without obstacles and with obstacles 

Pile 

number 

Average speed (m/s) 
Percentage 

difference 
without 

obstacles 

with 

obstacles 

1 9.690 5.0466 44 

2 9.1141 6.9996 23 

3 9.4715 6.1582 35 

4 5.8909 4.6534 20 

 

As can be seen Table 12, the average speed on 

the surfaces of the piles that are directly exposed to the 

wind is much lower than the piles that have a one-meter-

high barrier in front of them. This indicates the reduction 

of wind speed on the surface of piles with obstacles, and 

as a result, it will reduce the amount of deflation. 

Accordingly, the areas of the pile surface on 

which the air flow has the maximum speed will decrease 

when a barrier is used in front of the pile. Obviously, 

considering the definition related to the threshold 

frictional speed, by reducing the speed on the pile, the 

amount of dispersing of particles in the air also 

decreases. Therefore, it is suggested to create obstacles 

in the wind direction to prevent the diffusion of particles. 
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2-4-5. Investigating the effect of using a fence instead 

of an obstacle 

In this part, the use of a fence instead of an 

integrated metal barrier is examined in terms of the 

amount of changes of speed of the surface of pile. The 

speed on the pile has a direct relationship with the 

amount of deflation, so by checking the average speed 

on the pile, it can get the approximate amount of the 

pile's pollution emission. In practice, it is almost 

impossible to model fences and nets and sharp edges in 

fluid analysis software due to the existence of singular 

points, but this problem has been solved to some extent 

in the latest editions of Fluent commercial software. 

However, the geometry with very sharp angles causes 

very acute or obtuse angles to be created in a cell, which 

reduces the quality of the network, resulting in late 

convergence and in some cases it causes non-

convergence of the solution. Therefore, to solve a 

geometry like a fence which consists of sharp surfaces, 

an alternative option should be used to analyze the 

desired surfaces. In this regard, they can be defined as a 

kind of porous body, and porosity coefficient for a 

porous body is considered as follows. 

𝜀 =  
𝑉𝑣

𝑉𝑇
 

that Vv represents the amount of empty space in 

the geometry and VT indicates the total volume. 
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Therefore, the value of coefficient porosity of one 

represents a solid objector a rigid barrier and coefficient 

of zero indicates the absence of obstacles. 

For normal fances, the porosity coefficient is 

around 0.3. To determine the type of porous medium in 

FLUENT software, the pressure drop parameters on the 

sides of the fence, the pressure drop coefficient (C2) and 

the thickness of the porous material must be determined. 

There are different types of fences to control 

deflation. A type of wind control fence is shown in 

Figure 59. This type of fence is made of a kind of 

resistant plastic fabric with many small holes. Also, this 

type of fence it has the ability of replacement. But the 

value of the porosity coefficient for this type of fence is 

high, which will reduce the resistance of the fence 

against the wind, and it is more suitable for areas with 

low wind speed. 
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Figure 59: A view of a type of fence with low porosity 

There are other types of fences that have a lower 

porosity coefficient. These fences, which are often non-

fabric, have a higher porosity coefficient than fabric 

fences. Therefore, these fences are used in cases where 

the wind speed is higher. In the Figure 60, one of the 

types of these fences is shown along with the required 

connections. These fences are simply not movable. 
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Figure 60: A view of a type of fence with high porosity 

The important parameters for selecting fence are 

as follows: 

height, type and size of netting, fence thickness, 

together with environmental conditions such as, wind 

speed, pile dimensions and threshold friction speed of 

the pile. The standard thickness of specific fences in 

order to prevent deflation, is 0.75 inches (about 1.9 cm). 

To obtain the value of the pressure drop coefficient (C2), 

we use the empirical relationship suggested by WANG 

and TAKE. According to this relationship, the value of 

the porosity coefficient is related to the pressure drop 

coefficient with the following relationship: 

 

𝜀 = 1.0422 × 𝐶2
−0.4289  →  𝐶2 = 18.2376 
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The amount of pressure drop for this type of 

mesh will be obtained based on Darcy's relations or 

experimental tests. According to Darcy's relation, the 

amount of air pressure drop when passing through the 

wall is equal to: 

∆𝑝𝑠 = (− 
𝜇

𝛼
 𝑢 + 𝐶2  (

1

2
 𝜌𝑢2)) 

The C2 coefficient has already been calculated, 

also μ is the viscosity value and α is the permeability 

coefficient, which has a direct relationship with the 

porosity coefficient value, and u is the velocity value 

perpendicular to the barrier. To calculate α, there are 

different models for modelling the penetration 

coefficient. But the general definition of penetration 

coefficient is as follows: 

𝑎 =  
𝜀

𝑘𝑧𝑆𝑝𝑣
2

 

In the above relationship, kz is Kozeny's constant 

and Spv is the surface area per unit volume of the porous 

material, which is equal to 2/R for cylindrical pores. But 

the value of Kozeny's constant coefficient is equal to: 

𝑘𝑧 =  𝑘0  ×  𝜏 

In this regard, k0 is the shape coefficient and for 

square and cylindrical pores, it is 2 and 1.78, 

respectively. τ is the torsion coefficient, which is equal 
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to one if the pores are straight. Therefore, for cylindrical 

porosity without bends, we have: 

𝑘0 = 2 

The amount of surface to volume for a fence to 

prevent deflation is high, which increases the power of 

the fence to prevent wind. This coefficient for 

commercial fences is something between 80 and 200. 

For a normal fence, this value can be considered 150. 

With this description, the value of the permeability 

coefficient is equal to: 

𝑠𝑝𝑣
= 150 →  𝛼 =  

𝜀

𝑘2𝑆𝑝𝑣
2

=  
0.3

2 × 1502

= 0.66 ×  10−6 

Therefore, the amount of pressure drop due to the 

presence of a fence with a porosity coefficient of 0.3 is 

equal to: 

∆𝜌𝑠 = (−
𝜇

𝛼
 𝜇 +  𝐶2  

1

2
 𝜌𝑢2) = 1385.77 𝑝𝑎 

In the Table 13, you can see the values of the 

maximum speed and the average speed for the case 

where we use a fence-like barrier. See also Figure 61 to 

Figure 68. 
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Table 13: Comparison of the speed on the surface of the piles in the 

state without obstacle and with the fence obstacle 

Pile 

number 

Average speed (m/s) 
Percentage 

difference 
without 

obstacles 

with 

obstacles 

1 9.0690 4.6873 48 

2 9.1141 7.1126 22 

3 9.475 6.3336 33 

4 5.8009 4.5436 23 
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Figure 61: Speed contour on file number 1 (with solid barrier) 
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Figure 62: Speed contour on pile No. 1 (with fence barrier) 
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Figure 63: Speed contour on file number 2 (with solid barrier) 
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Figure 64: Speed contour on pile number 2 (with fence barrier) 
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Figure 65: Speed contour on file number 3 (with solid barrier) 
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Figure 66: Speed contour on pile No. 3 (with fence barrier) 
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Figure 67: Speed contour on file number 4 (with solid barrier) 
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Figure 68: Speed contour on pile number 4 (with fence barrier) 

 

In the previous section, an integrated rigid barrier 

was used to prevent deflation. This rigid barrier creates a 

high-pressure area behind the barrier, and while the 

velocity behind the barrier is zero and on top of the pile, 

the flow is flowing at a speed of about 11 meters per 

second, strong vortices will form in the distance between 

the barrier and the pile, which is the factor of scattering 

of particles. Another problem with these types of barriers 
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is that due to their high surface and integrity, they create 

a high drag against the wind, and a very strong support 

must be installed to keep such barriers against the wind. 

The third problem of this type of obstacles is their 

weight. To solve these problems, it is suggested to use 

fences. Fences are more convenient to move because 

they weigh less than solid barriers. Also, due to the 

presence of holes on the surface of the fences, the 

pressure difference between the back and front of the 

barrier is reduced, which reduces the drag force on the 

barrier and reduces the possibility of its failure. The most 

important point in using fences is their better 

performance against the wind to compare to the normal 

barriers. The reason is, the wind flow that passes through 

the fence, neutralizes the eddy currents behind the barrier 

and weakens and makes them smaller, but the air passing 

through the fence depends on the wind speed and the 

porosity of the fence. This is shown in Figure 69 & 

Figure 70. 

 

 

Figure 69: Flow behind an obstacle without porosity 
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Figure 70: Flow behind a fence 

Therefore, the flow behind a fence has a lower 

speed than the flow behind an integrated barrier. To 

prove this claim, one of the results of one of the 

researches conducted in this field is presented. In Figure 

71 &Figure 72, the velocity in a plane in the direction of 

the wind flow with obstacle are shown. In Figure 71, the 

barrier is completely without the porosity, and in Figure 

72, the porosity value is 0.34, and the wind speed is 11 

meters per second and the height of the obstacle is 1 

meter. 
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Figure 71: Dimensionless velocity for a unified barrier without 

porosity 

 

 

Figure 72: Dimensionless speed for the fence 

 

As can be seen, in the case where the fence is 

used, the dimensionless speed, especially behind the 

barrier, is much lower than the barrier without porosity. 

 

2-4-6. Determining the particles tracking from the file 

After the investigations on the way of the particle 

tracking on the pile, we are now going to model the 

tracking of particles on the pile. It should be noted that 

this simulation was done in stable mode. In this section, 

a comparison has been made between different piles. 
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From the experimental results of Shao's research, 

the diameter of salt particles ranges from about 10 

microns to about 200 microns. For particle distribution, 

we use the famous Rosin-Remler 3 distribution, which is 

available in the AnsysFluent software package. In Figure 

73, you can see the mass of the particles. 

 

 

Figure 73: Distribution of particles considered for modelling based 

on Rosin-Remler distribution. 

For each of the considered walls in the control 

volume of the model, particle diffusion must be defined 

with boundary conditions. That is, what is the behavior 

of the particle with the wall due to the impact of the 
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particle with the wall. In Figure 74, the type of behavior 

of each wall with particles is specified, and spreading 

manner of particles on salt piles showing in Figure 75. 

 

Figure 74: Boundary conditions of different walls in collision with 

particles 
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Figure 75: The spreading manner of salt particles from file number 1 

In Figure 75, the color of the particles indicates 

the time that the particle was in the air and after this time 

the particle either left the end of the border or got stuck 

on the ground. In Table 14, a number of particles have 

been randomly selected and it has been checked in which 

part these particles are placed. 
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Table 14: State of particles after modeling (Pile 1) 

 

Out of 

the end 

of the 

border 

Stuck 

on the 

ground 

Suspended 

in the air 
total 

The 

number 

of sample 

particles 

152 7.84 3 939 

10-5 kg/s 

Mass of 

sample 

particles 

1.654 7.431 0.005086 9.094 

 

One of the most important factors that affect the 

amount of pollution is the length of time that the particle 

is suspended in the air. Table 15 shows this time on the 

base of statistical parameters. 
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Table 15: Duration of suspended particles in the air (Pile 1) 

 
numb

er 

Minim

um 

time (s) 

Maxim

um 

time (s) 

Avera

ge 

time 

(s) 

Varia

nce 

Out of 

the end 

of the 

border 

152 14.00 21.44 15.47 1.031 

Stuck 

on the 

ground 

748 0.45 16.81 3.30 3.74 

Suspen

ded in 

the air 

3 99.79 153.55 
118.2

0 
24.98 
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Figure 76: The manner of salt particles spreading from file number 2 

 

Table 16: Situation of particles after modelling (Pile 2) 

 

Out of 

the end 

of the 

border 

Stuck 

on the 

ground 

Suspended 

in the air 
total 

The 

number 

of sample 

particles 

135 1035 0 1270 

10-5 kg/s 

Mass of 

sample 

particles 

1.81 7.94 0 9.12 



Standard Instruction for Salt Extraction from Urmia Lake with Environmental 

Considerations (part I) 
 

142 
 

Table 17 shows the duration of the particles 

suspended in the air. 

 

Table 17: Duration of suspended particles in the air (Pile 2) 

Situati

on of 

particl

es 

numb

er 

Minim

um 

time (s) 

Maxim

um 

time (s) 

Avera

ge 

time 

(s) 

Varian

ce 

Out of 

the 

end of 

the 

border 

135 23.96 26.61 24.92 0.05 

Stuck 

on the 

groun

d 

1035 0.032 101.6 61.13 76.68 

 

Based on the empirical relationships, pile number 

3 has the lowest amount of pollution spreading among 

the piles (Figure 77). 
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Figure 77: The manner of spreading salt particles from file number 3 

The color of the particles in Figure 77 indicates 

the amount of time that the particles are suspended in the 

air. As it is clear in Figure 77, many particles get stuck 

on the ground while tracking and are imprisoned in the 

same place. 
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Table 18: Condition of particles after modelling (Pile 3) 

 

Out of 

the end 

of the 

border 

Stuck 

on the 

ground 

Suspended 

in the air 
total 

The 

number 

of sample 

particles 

1 1686 1 1688 

10-5 kg/s 

Mass of 

sample 

particles 

0.15 9.088 0.00028 9.104 
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Table 19: Duration of suspended particles in the air (pile 3) 

Situatio

n of 

particle

s 

numb

er 

Minim

um 

time (s) 

Maxim

um 

time (s) 

Avera

ge 

time 

(s) 

Varia

nce 

Out of 

the end 

of the 

border 

1 37.12 37.12 37.12 0 

Stuck 

on the 

ground 

1686 0.107 25.45 5.71 5.89 

Suspen

ded in 

the air 

1 24.15 24.15 24.15 0 
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Figure 78: The manner of salt particles spreading from file number 4 

In this model, the number of particles that are 

suspended in the air for a long time is more than other 

piles, and the reason for this must be presence the of 

eddy current behind the pile. This eddy current causes 

the particles move randomly in the air and causing of 

increasing the turbulence of the flow. 
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Table 20: Situation of particles after modeling (Pile 4) 

 

Out of 

the end 

of the 

border 

Stuck 

on the 

ground 

Suspended 

in the air 
total 

The 

number 

of sample 

particles 

714 218 34 966 

10-5 kg/s 

Mass of 

sample 

particles 

6.75 2.12 0.22 9.106 
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Table 21: Duration of suspended particles in the air (Pile 4) 

Situatio

n of 

particle

s 

numb

er 

Minim

um 

time (s) 

Maxim

um 

time (s) 

Avera

ge 

time 

(s) 

Varia

nce 

Out of 

the end 

of the 

border 

714 24.72 62.67 28.76 4.98 

Stuck 

on the 

ground 

218 0.038 12.91 1.21 1.71 

Suspen

ded in 

the air 

34 14.53 108.80 37.29 26.30 

 

2-4-7. Investigating the effect of the shape of dust 

particles on their pollution level 

To investigate the effect of the shape of the 

particles, one must first define a parameter that 

differentiates between different shapes of the particles. 

This parameter is called shape factor and will be defined 

as follows. 

𝑎 =  
𝑆′

𝑆
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In this relation, S' indicates the outer surface of 

the particle and S indicates the surface of a spherical 

particle with the same volume. Among the volumes with 

a specific volume, the circle has the least amount of 

surface, therefore S is always smaller than S' and the 

value of the shape coefficient will always be greater than 

one. The value of the shape coefficient for a spherical 

object will be 1. To compare the shape coefficient, 

several different shapes are listed in the Table 22. 

Table 22: Values related to particle shape coefficient 

Shape of particles Shape coefficient 

Spherical 1 

Regular tetragonal 1.49 

Regular hexagonal 1.24 

Regular octahedral 1.18 

Disc shape > 1.15 

 

To investigate the effect of the shape of the 

particles, Pile No. 4 is modeled with particles with a 

shape coefficient of 1.24. In this modelling, it is assumed 

that the salt particles are not spherical but regular 

hexagonal (Table 23). 
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Table 23: Examining the effect of particle shape on emission rate 

Situation of 

particles 

Spherical 

particles 

Hexagonal 

particles 

(a=1.24) 

Out of the end of 

the border 
714 715 

Stuck on the 

ground 
218 218 

Suspended in the 

air 
34 33 

 

2-4-8. Investigating the effect of increasing humidity 

on the amount of deflation 

In this section, the effects of particle moisture on 

the threshold friction speed will be investigated. An 

increase in humidity causes an increase in density and, as 

a result, a decrease in buoyancy, and on the other hand, 

when the humidity of salt minerals increases, it will 

cause changes in the morphology of the particle and, as a 

result, it will become loose, which the second factor acts 

against the previous factor. Now, the effect of each of 

the above factors will be examined. Clay-sized 

sedimentary particles, which exist mainly as interlayers 

within salt layers, are effective in this subject. 

Ravi et al., (2006) investigated the effect of 

increasing humidity on friction speed in a wind tunnel. It 
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is worth noting that as the fluid humidity increases, the 

surface humidity also increases. 

 

 

Figure 79: Surface humidity (S) based on relative air humidity (r) 

 

Figure 79 shows that with the increase of the 

relative humidity of the air, the amount of surface 

humidity increases almost linearly for different 

compositions. The studied material consists of different 

percentages of clay, mud, sand, and results of tests are 

values shown in Table 24, and Figure 80 & Figure 81 & 

Figure 82. 
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Table 24: Compounds used in investigating the effects of humidity 

Clay % Mud % Sand % Compound 

31 26 43 Pullman 

17 13 10 Olton 

8 0 92 Brown field 

 

 

 

Figure 80: Experimental results of threshold friction speed for 

Pullman 
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Figure 81: Experimental results of threshold friction speed for Olton 

 

 

Figure 82: Experimental results of threshold friction speed for 

Brownfield 

 



Standard Instruction for Salt Extraction from Urmia Lake with Environmental 

Considerations (part I) 
 

154 
 

These results show that with the increase of 

relative humidity between 40 and 65 percent, the value 

of the threshold friction speed decreases. This 

phenomenon is the result of the loosening of the surface 

grafting between the molecules of the surface particles, 

but in the rest of the values, the value of the threshold 

friction speed increases with the increase of the relative 

humidity. This theory shows that in the relative humidity 

between 40 and 65 percent, the effect of particle swelling 

is more than the increase of its density, but for dry 

particles (relative humidity less than 3 percent), F 

increasing of moisture causes an increase in the frictional 

speed of the threshold, and as a result, it causes more 

stability. 

2-5- ADMS software 

This software is one of the most powerful 

software available for modelling air pollution. This 

software is designed based on the Gaussian model, 

which can be considered both Eulerian and Lagrangian. 

The stages of model preparation and 

implementation include activating a number of 

algorithms required in the model, entering information 

on pollutant sources, meteorological and topographical 

data, as well as calibrating the model. The output of the 

model also includes the short-term or long-term average 

concentration of the desired pollutants. In the following 
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section, there are explanations related to each of the 

stages of model preparation and implementation. 

The ADMS model includes following algorithms: 

 Topographic relief; 

 Wet sedimentation; 

 Gravitational and dry sedimentation; 

 Short-term fluctuations in concentration; 

 Spreading from directed sources; 

 Time averages from very small time intervals 

(seconds) to yearly; 

 Chemical reactions; 

 Radioactive decays and gamma ray dose; 

 

It is worth noting that the mentioned algorithms 

will be activated only if needed. 

 

2-6- Meteorological Information 

The most important meteorological information 

used for modelling are speed and wind directions, 

together with additional data, such as rate of 

precipitation, humidity, temperature and amount of 

cloudy days. These data must be prepared in order to use 

in software. 



Standard Instruction for Salt Extraction from Urmia Lake with Environmental 

Considerations (part I) 
 

156 
 

Due to the expansiveness of the study area, only 

meteorological informations of Ajabshir, Urmia and 

Salmas cities analyzed and used for particles dispersion 

modelling. 

Figure 83 &Figure 84 & Figure 85 indicating the 

rose-wind of Ajabshir, Urmia and Salmas cities. It can be 

seen that prevailing wind for Salmas (NW of lake) is 

north to west, semi-prevailing wind is west to east, for 

Ajabshir (SE lake) prevailing wind is west to east and 

semi-prevailing is southeast to northwest, and finally for 

Urmia (west of lake) prevailing wind is west to east. 

 

Figure 83: Selmas wind rose (summer and autumn 2014) 
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Figure 84: Ajab Shir wind rose (summer and autumn 2014) 
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Figure 85: Urmia wind rose (summer and autumn 2014) 

 

As a result, it can be observed that prevailing 

wind in Summer and Autumn is from land towards the 

lake (Figure 86). 
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Figure 86: The location of Urmia Lake and its surrounding cities 

2-7- Topographical Data 

Topographical data taken from 

srtm.esi.cqiar.org site. Topographic relief and area of 

study show in (Figure 87). The input file model consists 

of 4 columns, including series number, longitude, 

latitude and altitude, based on the UTM geographical 

coordinates. For this purpose, user should select 

complex terrain in this page (Figure 88). The page of 

entering information related to topography of the region 

in the ADMS software. 
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Figure 87: Tif file of land features around Lake Urmia (the studied areas are marked with white circles) 
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Figure 88: The page of entering information related to the 

topography of the region in the ADMS software 

As mentioned earlier, three area selected around 

the Urmia Lake, for particles dispersion modelling. For 

all three areas, one supposed salt recovery zone selected 

with the specifications. Then based on the topographical 

data and information of nearest meteorological station, 

particles dispersion modelling accomplished. 

The obtained results of modelling, based on the 

ADMS software, by using surfer software, shown under 

the circumstance of particles distribution. In this part of 

the studied area we also used the Google Earth software 

and Google Map site. 

 



Standard Instruction for Salt Extraction from Urmia Lake with Environmental 

Considerations (part I) 
 

162 
 

2-8- Qobadlu Coast Modelling 

The nearest meteorological station to this area, 

located in Ajabshir city. This area is one of the locations 

for salt recovery (Figure 89). Coordinates of a supposed 

mine in Qobadlu coast shown in Table 25. The, 

coordinates considered for the supposed mining area 

have been shown in Table 26. The results of particles 

spreading modelling and related wind-rose are presented 

in Figure 99 to Figure 103. 

 

 

Figure 89: The studied area in the southeast of Urmia Lake 

(Qobodlu beach) 
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Table 25: Hypothetical base coordinates of salt extraction in 

Qobodlu beach 

Coordina

tes 

Head number 

Area 

(Distri

ct) 

1 2 3 4 

38S 
X 

56423

2 

56424

0 

56427

0 

56426

1 

Y 
41555

85 

41555

93 

41555

60 

41555

52 

 

Table 26: Coordinates of the desired area in the modelling of 

Qobodlu beach 

Coordinates min max 
Area 

(District) 

X 562908 565908 
38S 

Y 4156955 4153955 

 

 



Standard Instruction for Salt Extraction from Urmia Lake with Environmental 

Considerations (part I) 
 

164 
 

 

Figure 90: Ajab Shir wind rose (summer and autumn 2014) 
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Figure 91: The distribution of particles in Qobadlu coast (summer 

and autumn 2014) 
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Figure 92: Ajab Shir wind rose (July 2014) 
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Figure 93: How particles are distributed in Qobadlu coast (July 

2014) 
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Figure 94: Ajab Shir wind rose (August 2014) 
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Figure 95: How particles are distributed in Qobadlu coast (August 

2014) 
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Figure 96: Ajab Shir wind rose (September 2014) 
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Figure 97: The distribution of particles in Qobadlu coast (September 

2014) 
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Figure 98: Ajab Shir wind rose (October 2014) 
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Figure 99: How particles are distributed in Qobadlu coast (October 

2014) 
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Figure 100: Ajab Shir wind rose (November 2014) 
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Figure 101: The distribution of particles in Qobadlu coast 

(November 2014) 
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Figure 102: Ajab Shir wind rose (December 2014) 
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Figure 103: How particles are distributed in Qobadlu coast 

(December 2014) 

 

As can be observed from the dispersion of 

particles in Qobadlu coast, it is clear that spreading of 

dispersed particles is during Summer and Autumn 

towards the lake. In other words, released particles 

resulted from the salt recovery process, scattered towards 

west and northwest. 

It is also clear that, by moving away from the 

source of particles, spreading (even 100 to 200 m), the 

concentration of pollutant reduced and reaches less than 
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5 micro gr/cm3. The maximum emission of dispersed 

particles towards land occurring in July, August, and 

minimum extension is in October, November. In other 

words, based on the result modelling, the extension of 

dispersed particles in October, December is more 

towards the lake. 

2-9- Urmia Coast Modelling 

The city of Urmia is located west of the Urmia 

Lake (Figure 104). Coordinates of a supposed salt 

recovery area and coordinates of studied are presented in 

Table 27 & Table 28 respectively. 

 

 

Figure 104The studied area in the west of the Urmia lake (coast of 

Urmia city) 
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Table 27: Coordinates of the hypothetical range of salt extraction in 

the coast of Urmia city 

Coordina

tes 

Head number 

Area 

(Distri

ct) 

1 2 3 4 

38S 
X 

52530

0 

52534

5 

52534

6 

52530

1 

Y 
41576

40 

41576

46 

41576

32 

41576

27 

 

 

Table 28: Coordinates of the desired area in the modeling of Urmia 

city beach 

Coordinates min max 
Area 

(District) 

X 523820 526819 
38S 

Y 4159128 4156136 

 

In continuation, the results of particles spreading 

modelling during Summer and Autumn 2014 and 

separately for each month, and related rose wind are 

presented (Figure 105 to Figure 118). 
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Figure 105: Urmia wind rose (summer and autumn 2014) 
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Figure 106: The distribution of particles on the coast of Urmia city 

(summer and autumn 2014) 
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Figure 107: Urmia wind rose (July 2014) 
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Figure 108: The distribution of particles on the coast of Urmia city 

(July 2014) 
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Figure 109: Urmia wind rose (August 2014) 
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Figure 110: The distribution of particles on the coast of Urmia city 

(August 2014) 
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Figure 111: Urmia wind rose (September 2014) 
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Figure 112: The distribution of particles on the coast of Urmia city 

(September 2014) 
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Figure 113: Urmia wind rose (October 2014) 

 



Standard Instruction for Salt Extraction from Urmia Lake with Environmental 

Considerations (part I) 
 

189 
 

 

Figure 114: The distribution of particles on the coast of Urmia city 

(October 2014) 
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Figure 115: Urmia wind rose (November 2014) 
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Figure 116: The distribution of particles on the coast of Urmia city 

(November 2014) 
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Figure 117: Urmia wind rose (December 2014) 
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Figure 118: The distribution of particles on the coast of Urmia city 

(December 2014) 

 

In this zone, extension of dispersed particles 

during the Summer and Autumn are eastward (i,e, 

towards the lake), and particles dispersion, towards land 

is very low, so that at  a very short distance from salt 

mining zone in land side (about 100 to 150 m), the 

concentration of particles become very low. 

The maximum extension of particles during 

August and September are westwards (inland), and 
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minimum extension of particles occurring during 

October and November. 

Based on the available wind roses, it can be seen 

that during Autumn, wind directions are almost uniform 

than in Summer, and prevailing wind is west to east. 

2-10- Modelling of the NW side of the Lake (North of 

Qarabagh) 

In order to study the particles spreading around 

the entire of lake resulting from salt mining, this area 

also, selected for investigation, by using the Salmas 

meteorological information (Figure 119). 

 

 

Figure 119: The studied area in the northwest of Lake Urmia (north 

of Qarabagh village) 
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Coordinate of a hypothetical salt recovery piles, and 

coordinates of studied area are given in Table 29 & 

Table 30 respectively. 

 

Table 29: Coordinates of the hypothetical range of salt extraction on 

the north coast of Qarabagh village 

Coordina

tes 

Head number 

Area 

(Distri

ct) 

1 2 3 4 

38S 
X 

50509

1 

50509

8 

50513

2 

50512

5 

Y 
42198

33 

42198

43 

42198

15 

42198

06 

 

Table 30: Coordinates of the desired range in modeling the 

northwest coast of Lake Urmia (north of Qarabagh village) 

Coordinates min max 
Area 

(District) 

X 503108 507108 
38S 

Y 4221826 4217826 

 

In continuation, the results of particles spreading 

modeling in NW coast of Urmia for Summer and 

Autumn and separately for each month and related wind 

rose are presented (Figure 120 toFigure 133). 
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Figure 120: Salmas wind rose (summer and autumn 2014) 
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Figure 121: The distribution of particles in the north coast of 

Qarabagh village (summer and autumn 2014) 

 



Standard Instruction for Salt Extraction from Urmia Lake with Environmental 

Considerations (part I) 
 

198 
 

 

Figure 122: Salmas wind rose (July 2014) 
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Figure 123: The distribution of particles on the north coast of 

Qarabagh village (July 2014) 
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Figure 124: Salmas wind rose (August 2014) 
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Figure 125: The distribution of particles on the north coast of 

Qarabagh village (August 2014) 
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Figure 126: Salmas wind rose (September 2014) 
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Figure 127: The distribution of particles on the north coast of 

Qarabagh village (September 2014) 
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Figure 128: Salmas wind rose (October 2014) 
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Figure 129: The distribution of particles on the north coast of 

Qarabagh village (September 2014) 
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Figure 130: Salmas wind rose (November 2014) 
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Figure 131: The distribution of particles in the north coast of 

Qarabagh village (November 2014) 
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Figure 132: Salmas wind rose (December 2014) 
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Figure 133: The distribution of particles on the north coast of 

Qarabagh village (December 2014) 

 

On the basis of obtained diagrams, it can be 

observed that expansion of particles in the northern coast 

of Qarabagh (NW of Urmia Lake), is more eastward, 

then southward, which it means that particles expansion 

is towards the lake. In this area, most particles spreading 

are toward Qarabagh village during October and 

November. 

Rose winds show that wind directions are mainly 

southward in Octeber and November, and most wind 

direction is eastward in November. 
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In Other words, during Autumn most wind 

direction is towards the lake. 

Based on the obtained results of particles 

spreading modelling together with location of mine and 

prevailing wind direction, it is probable dusts of mining 

activities, reach to the urban areas. Hence, particles 

sensing is necessary. 

2-11- Uncertainty and model sensitivity analysis 

2-11-1- Sensitivity Analysis 

Any kind of variation in import parameters, 

caused export variation and its results. Hence, several 

scenarios for sensitivity analysis and model uncertainty 

are as follows: 

 Oscillation in pollutant resources amounting to ± 

25% 

 Oscillation in length of roughness amounting to ± 

25% 

 Oscillation in height of wind speed measuring 

amount to ± 25% 

The amount of model sensitivity with above 

mentioned parameters presented in Table 31 and Figure 

134. 
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Table 31: Sensitivity of the model to different parameters 

Scenario 

The amount of 

difference with 

the normal 

state (%) 

Increase emissions by 25% 9.2 % 

Reducing emissions by 25% 58.2 % 

Increase the roughness length by 25% 12 % 

Reduction of roughness length by 

25% 
19 % 

Increasing the height of wind speed 

recording by 25% 
55 % 

Reducing the height of the wind speed 

record by 25% 
42 % 
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Figure 134: The results of data sensitivity analysis 

 

It can be seen that the amount of model 

sensitivity to oscillation of pollutant resources, are more 

than the other investigated parameters, and is about ± 

3%. 
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2-11-2- Model Uncertainty 

Generally, the errors in modelling are as follows: 

 The errors arising from physical theory of model 

while using special models (such as ADMS), the 

errors caused by physical theory of modifies is 

unavoidable, and might be reduced from one 

software to another software. For example, if all 

data for modelling are the same for both ADMS 

and AERMOD software's, inputs each of these 

software will provide a different solution for the 

concentration at a given point, due to the 

difference in the physical modelling theory used 

in the model.  

 Errors in input data 

This sort of errors, arising from uncertainty in 

input model such as, Meteorological, 

Geographical and diffusion resources. Repeating 

measurements will reduce the errors. 

 Errors from model simplifying 

A major error in any kind of modelling is 

simplifying the model. It is worth to mention that 

with calibration of model and changing 

parameters, errors will be reduced and a better 

result can be obtained. The model simplifying 

used in this study are resources modelling and 

gridding model. 
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