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ABSTRACT: this study describes the influence of precipitation of CaCo3 in Esfezar Qanat in South 
Khorasan state. Studies perform by decreasing provisional hardness in water supply pipes in qanat 
region. Because this qanat is the single source of drinking water in this region detected its problem is 
important. For this experiment increasing in pH by lime make precipitation in reservoir. For expedition in 
formation cores of precipitation, We use chemical coagulant. With optimizing in chemical coagulant 
FeSo4 , Fe2(So4)3 and CuSo4 , Fe2(So4)3 in pH=9.5 have the best result in drinking water according 
quality parameters. The effect of temperature on the rate of sediment cores perform and the temperature 
range of 24 ° C is appropriate. 
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INTRODUCTION 
 

 Access to Fresh and clean water is one of the most important threads proposed to man nowadays. With more 
demand to water reserves and continuance of environmental pollution, especially rivers, lakes and other water 
sources, at future this issue shall be a critical ever-increasing crisis. Having healthy water resources is an essential 
and basic prerequisite to environment quality preservation and growth and economic, political, social and cultural 
development. The Europe Commission defined its water policy objectives as follows: a) preparation and supply of 
safe drinking water sufficiently, b) provision of water resources with adequate quantity and quality to meet other 
needs, c) sufficiency of quantity and quality water resources for conservation and sustainable development and 
adequate ecological conditions of the aqueous environment, and d) water management to prevent or minimize 
flood damage and/or to minimize the effects of droughts. 
  FAO, in 1973 has divided the salt available in semi-arid to arid areas, according to their anions, to 5 groups: 
carbonates, sulfates, chlorides, nitrates and borates. Also this year, FAO stated that in case there are different salts 
in the soil, the salts which are high soluble have been dissolved in water and are out of the environment, but the 
salts that have low solubility in soil can sediment and thus can lead to the formation of hard layers in the soil. The 
salts present in the soil in arid and semi-arid areas, three compounds calcium carbonate with solubility of 0.0131 
g/l, calcium sulfate with solubility of 1.9 g/l, magnesium carbonate with solubility of 2.5 g/l are the salts that are 
usually found abundantly in these areas and have low solubility. Among the above-mentioned items, aggregation of 
magnesium carbonate in the soil is very low, whereas the two calcium carbonate and calcium sulfate salts were 
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found to be much higher and can cause obstruction by sequential deposition. Calcium carbonate (CaCo3), is a salt 
of very low solubility whose amount in arid areas soils may reach up to 80% by soil weight. Due to the low 
solubility, this salt sediment fast in the soil and creates a hard layer. Woltman et al (2001) investigated the 
adsorption of water transmission lines, and declared the reason for the obstruction in the deposition of salts such 
as carbonate calcium, calcium sulfate, magnesium- calcium carbonate, and metals like iron. Rogers et al in 2003 
declared that if in a water the amount of bicarbonate 2 milliequivalents per liter (meq/L), calcium more than 2 to 3 
milliequivalents per liter (meq/L) and pH>7.5, then the calcium carbonate precipitation occurs. Sheikhol-slami in 
2005 said CaCo3 is inverse salt, it means the ability of solution of matter with increasing temperature decrease. 
Also increasing pH decrease solution. Hoang and et al in 2006 said temperature is one of most important 
parameter in precipitation in pipes. Also they said that precipitation have linear relation with time and volume water 
have expotential relation with inverse of temperature. Tai and et al in 2008. studied the role of magnetic water on 
gathering precipitation ions said that speed of sedimentation have a direct relation with structure ions and pH. They 
receive that whatever magnetic field was strong the speed of formation Calsit reduce.Alimi and et al in 2009 exam 
different type of pipes and their result show that pipes which have high roughness and non-electrical conductivity 
are the best pipes in water supply. In this study according to problem of precipitation in qanat. 3 aim to reach 
optimum design are: the study categorization identify the factor of precipitation, Investigation of methods of proper 
eliminated precipitation and selected the optimum method in eliminate precipitation. Sources of water supply 
network of this complex are aqueducts which have a length of 435 meters with 8 bars and a depth of the mother 
well is 20 meters in a distance of 40 kilometers from east of Birjand. Considering the proper discharge rates and 
high aqueducts and locating in an area where there is lack of water resources, both surface and groundwater, and 
also the high population of this area resulted in utilizing this source of water for supplying the water. But in recent 
years the sediment problem leads to supply network blockage after several months of the water pumping and 
transmission. Therefore, a general plan for solving this problem and improving water transmission network of this 
village, a series of experiments were conducted to temporarily reduce water deposits or its hardness, and 
ultimately the modeling and implementation of a plan in order to reduce the temporary water hardness. 
 

MATERIALS AND METHODS 
 

Case study 
 Esfezar qanat in Sarbishe town in east of iran in south khorasan is in cold and arid continent. This qanat have 
8 lit/s discharge and supply drinking water of 13 villages in upstream. Table 1 show geography position of mother-
well.  
 

Table 1. geography position of qanat 

Name of Qanat 
Qanat Mother-well 

UTM Y UTM X UTM Y UTM X 
Esfezar qanat 3641795 750673 3641966 751071 

 

 
Figure 1. Case Study in Birjand Plain 



Intl J Farm & Alli Sci. Vol., 3 (2): 171-176, 2014 

 

173 
 
 

Stage of experiment 
 In order to review and study to determine the temporary softening of subterranean water in the understudy 
area, we performed in two ways. At first, we conducted studies and tests on the small laboratory size. The small 
size experiments aimed to achieve optimum selection of materials for increasing the pH of water, appropriate 
coagulants for acceleration in core creation of deposits as well as the effects of other parameters on accelerating 
and improving the deposition creation process. 
 
Condition of sediment 
 In a deposition system, the mineral particles are the main ingredients, which are composed of salts whose 
solubility is a function of temperature. The reduction of the temperature in different parts of a system is sufficient to 
force these salts to be saturated, supersaturated and finally deposited. When a solution is supersaturated, in case 
of nucleation of primary crystals, the best conditions will be provided for crystal growth in the system. Components 
of water impurities (such as carbonate and calcium sulfate, barium sulfate, silica, etc.) can be deposited affected by 
different factors (after passing through a stage of super-saturation). These factors can cause low pressure, 
temperature changes, flow alteration, pH modification and ..., however, three conditions are required for the water 
salts to be deposited: a) being supersaturated, b) initial core creation and c) contact time. 
 
Coagulation and flocculation 
 In the coagulation and flocculation of the particles, the turbidity factor which cannot be deposited precipitated is 
converted to the precipitated form, and thus the materials are effectively removed by gravity settling. In this study, 
three optimal chemical coagulants were used to determine the appropriate optimal coagulant in pH. Iron sulfate II, 
iron sulfate III and copper sulfate II were determined as the coagulants and the laboratory procedures for the 
deposition creating process in the different water pH was performed with adding lime water and caustic sodium at 
different normalization. Coagulation occurs in three stages: in the first stage, the ions Al

3+
 and Fe

3+
 absorb the 

considerable number of colloidal particles with a density factor with a negative charge. In the second stage, these 
particles aggregate and form small coagulated clumps that are called micro-clots. In the third stage, since the 
micro-clots have positive charge, they are still absorbed to negative ions such as alkalinity (OH- of limestone), and 
thus the created compounds having low solubility, will precipitate  (Mehvari, 2007). The chemical reactions 
occurred are as follows:  
1                                   Al2(SO4)3 +3Ca(OH)2 → 2Al(OH)3 ↓ + 3CaSO4   

2                                 Fe2(SO4)3 + 3Ca(OH)2 → 2Fe(OH)2 ↓ + 3CaSO4 

 
Model of Expermint 
 In order to implement the test for the elimination or reduction of temporary hardness in the aqueduct system, 
initially a regression show relationship between the enhanced lime (calcium oxide) versus pH in the estimated 
volume of one liter of water and then proceed to make the solution and after the solution achieve the favorable pH, 
with addition of coagulants we started to stir it and finally after passing the time and deposit, we began to do some 
physical and chemical tests of the water, thereby we estimate the coagulant effect of the various additive masses. 
The quality effects of these coagulants in terms of the physical parameters were analyzed by using a 
spectrophotometer. 
 

Table 2. the amount of turbidity in each coagulant added (equivalent to 0.1 g of coagulant) 
Cu Solfat II Iron Solfat III Iron Solfat II 

Turbidity Time (min) Turbidity Time (min) Turbidity Time (min) 

0.42 20 0.24 20 0.35 20 
0.35 40 0.16 40 0.27 40 
0.29 60 0.11 60 0.22 60 
0.24 80 0.07 80 0.17 80 
0.2 100 0.03 100 0.12 100 
0.16 120 0.02 120 0.1 120 

 
RESULTS AND DISCUSSION 

 
Select the best material for increasing pH 
 In order to make up and speed up the amount of sediment core generation, incrising pH was a rational 
approach, and in this plan we used the caustic soda solution (NaOH) in the normalization of 1, 2, 4, 8, as well as 
the lime water (calcium oxide) and the results showed dominion of caustic soda to lime water. In the process, 
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increasing amount of pH speeds up by NaOH, but increasing the power of the sediment core creation was high by 
lime water. The economic cost of using lime water is also effective because of the low cost. According to Table (4-
1) which is a comparison in the lime and soda performance, the results show that in the same condition the lime 
response more optimally than caustic soda. 
 

Table 3. Comparison of lime and NaOH to increase the pH (pH=9.5) 
Lime 
(CaO) 

 (NaOH )– 2N Material 
                                
                           Solfat Iron III pH Ec pH Ec 

7.4 575 8 650 0.1 gr 
8 510 8.4 615 0.08 gr 
8.5 480 8.75 595 0.07 gr 
8.8 430 9.1 560 0.05 gr 

 
 The results concerning Table (4-1) imply less amount of Ec (i.e., the sum of the cations which in the deposition 
model included Ca

2+
 and Mg

2+
). By adding the lime to the system, the temporary hardness is removed. Moreover, 

since the suitable pH for drinking water is less than 8, therefore, the increase in iron sulfate III leads to proper pH 
but instead of it, the increasing of Ec leads to increase of the Ca

2+
 and Mg

2+
 cations; therefore, the amount of 

deposition will not be reduced. 
 
Select of optimum pH in this expermint 
 In this study, in order to identify the effective factors in elimination of sediment, determination of the pH 
parameters is very important, therefore, in this study, with defining the ranges from pH the experiments were 
performed and based on the results which showed that higher percentages of sediment are removed and the water 
was also suitable for drinking, the suitable pH range was identified. Consequently, the interval of pH between 9.4 
and 9.6 in the sludge removal could have more optimal answer with eliminating more excess cations and anions. 
The obtained results also showed that the pH increase by lime water closely up to 9.6 can show better 
performance in removing sediment; hence, if the water is not for drinking the range of pH can be increased. 
 
Select of Chemical Coagulant of optimum 
 Concerning the importance of water supply and to speed up this issue, the chemical coagulants were used to 
accelerate the chemical reactions and sediment core formation. Therefore, in this study, three types of chemical 
coagulant were used and the results showed that iron sulfate III is the most optimum coagulant in the temporary 
sediment removal system of the water in terms of modeling and the drinking parameters. Iron sulfate II due to the 
lack of appropriate sustainability and considering the appropriate answers obtained cannot be an optimal coagulant 
because while exposure to the oxygen in the air, iron II converts to iron III and with oxidation of iron, the ferrous 
stains are formed before deposition coagulation. In this case, considering the green color of the solution that 
derives from the coagulant is converted to yellow dust and rust will be formed. Copper sulfate II due to the lack of 
efficiency in the system also failed to sufficiently remove the sediment from the drinking water transport channels. 
But with the use of chemical coagulants of ferric sulfate II in an anaerobic environment, as well as copper sulfate II 
in agricultural and industrial lands can offer the perfect solution. Table (4-2) depicts the results of a comparison 
between the three coagulants in different modes. 
 

Table 4. Chemical coagulants and coagulant function to identify the best (pH=9.5) 
Cu Solfat II Iron Solfat II Iron Solfat III Coagulants 

Amount Ec pH Ec pH Ec pH 

640 6.55 590 8.1 575 7.4 0.1 gr 

600 6.6 570 8.25 540 7.7 0.09 gr 

580 6.64 540 8.4 510 8 0.08 gr 

570 6.67 520 8.6 480 8.5 0.07 gr 

500 6.86 490 9.1 430 8.8 0.05 gr 
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Figure 2. Addition of coagulants used Graph of pH 

 

 
Figure 3. Addition of coagulants used Graph of Ec 

  
 According to this Table, it can be seen that the appropriate limits to use the effluent water for drinking are 
between pH 7 to 8.5 and thus, iron sulfate III was chosen for use in plan modeling and implementation. Figure (2) 
shows a decrease of water pH with increasing the amount of coagulant. According to this Figure, the decrease in 
pH is caused by the loss of the water enzymes because of the deposition by the coagulant. Figure (3) shows the 
fact that increasing in the amount of coagulant leads to an increase in cations and anions amount in water and thus 
the optimal level specified in the lab experimental spectra can be very important. 
 
4-4 The effect of temperature on sediment cores 
 In this project, considering the area understudied location in a hot zone, using thermal energy as an alternative 
to accelerate the temporarily reduction of the water hardness was considered as the costless process. Therefore, 
the parameter of water temperature increasing up to 32°C that is suitable for drinking was analyzed in the project, 
and the results showed that the temperature rise lead to the more mobility of the molecules and as a result 
accelerated the core formation. In order to optimum utilization in the sediment removal system using a mixer, the 
use of natural light was proposed as the sediment load increase in the sedimentation tank which increases the 
temperature of the input water from the aqueduct. Results according to the Table (5), which is related to adding the 
optimum value of 0.9 g of ferrous sulfate III in pH=9.5, showed that increasing one degree of the temperature, the 
amount of 2.4 micromhos (µΩ/cm) from the Ec amount is reduced. Reduction of the amount of Ec depicts the 
sediment formation and exiting and removal of the cations forming deposition from the suspended solids in water. 
 

Table (5). Increase in temperature estimation scheme to remove sediment samples 
pH Ec (ds/m) Tempture (

0
.c) 

7.68 548 20 
7.69 544 22 
7.7 540 24 
7.71 537 26 
7.71 530 28 
7.73 525 30 
7.74 519 32 
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 The results presented in Table (4-3) showed that although the increase in temperature could cause an 
increase of more sediment, the increase in temperature was considered concerning the proper range of 20 to 25°C 
as the introduction bound and 24°C rate was considered as the most optimum answers. 
 

CONCLUSIONS 
 

 In this project, our aim was to provide a way to eliminate and/or reduce the hardness of water in the 
transmission pipelines. For that reason, initially we reviewed the status of water resources in the lab level. Water 
analysis results indicated that the deposits formed during a period of withdrawal of water from a single source 
(aqueduct). In the laboratory, the studies on the temporary hardness began with the trial and error method to 
determine the optimal model and based on this, constraints in drinking parameters was defined as the execution 
condition. Accordingly, in order to increase the water pH to form deposits, we used two materials of calcium oxide 
CaO and caustic soda NaOH and three coagulants of iron sulfate III, iron sulfate II and copper sulfate II were used 
to catalyze the sediment cores formation. According to the obtained results, the material of calcium oxide CaO was 
introduced as the best factor in increasing pH and removal of temporary hardness of water as well as sulfate iron III 
as the optimal coagulant in PH=9.5. Furthermore, considering the position of the aqueduct canals in a warm, dry 
climate and the need to use the solar energy as a heat source and a free energy, the effects of temperature were 
also analyzed and based on this and considering the temperature of the water for drinking usage, a rise in 
temperature up to 24°C in order to accelerate the formation of sediment cores was proposed. 
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