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Abstract
This study is conducted to evaluate corrosion and scaling potentials of raw and treated water at AlTayyaraa water treatment plant during a period of twelve months, starting from January to December 2016.
Three indices of corrosion and scaling in this study are considered including Ryznar Index (RI), Langelier
Saturation Index (LSI), and Aggressive Index (AI). Water quality parameters pH, Alk, (Ca), temperature,
calcium as CaCO3, and (TDS) are measured. For raw water, the values of LSI and RI are (0.14-0.504) and
(6.956 -7.62), respectively, whereas for treated water, the values of LSI and RI are (0.03-0.4) and (7.027.7), respectively. The values of AI are (11.77-12) for raw water and (11.67-11.948) for treated water. The
calculated values of Langelier Saturation Index (LSI) reveal that the treated and raw water are balanced to
some faint coating (light scale forming). The values of RI point that the raw and treated water are corrosive
and values of aggressive index show that the water is moderate corrosion and no obvious effect on concrete
tank at water treatment plants.
Keywords: Langelier saturation index, Ryznar index, Aggressive index, Corrosion.
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1. Introduction
The corrosion cause the most complex problems that negatively affect the drinking
water utilities and very expensive in terms of maintenance and also have a negative
impact on public health. Corrosion leads to increase the concentrations of certain metals
in tap water like toxic metals, lead, cadmium, nickel, copper, iron, and zinc, which cause
staining of fixtures or metallic taste or both. The accumulation of corrosion products
inside the pipes can cause plugging and can lead to operational difficulties. Other aspects
of the corrosion problem are the high costs of repair, replacement, and water loss. Water
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corrosivety or scaling tendency is affected by its physical and chemical properties.
Various water quality parameters can effect on the existence of corrosion scales in iron
and steel pipes used in water distribution utilities. These include pH, alkalinity, buffer
intensity, and total dissolved solids (Arkoç, 2013). The major components forming scale
in salt water environments are calcium carbonate, calcium sulfate, and magnesium
hydroxide. Important factors effect on scale formation such as concentration of salts, flow
velocity, water temperature and pH of air (Varaprasad and Viswanadh, 2012). Deposition
of scale is a chemical precipitation process, where dissolved salts in the cooling water
"out" surfaces in contact with the water due to their solubility limits are being exceeded.
Previous studies revealed that factors influencing the scale are water hardness,
temperature, and pH (Hamzah et.al., 2008). Using corrosion indices is a simple numerical
method to estimate the water quality in terms of corrosion. Indices based on calcium
carbonate saturation are useful in connection with the corrosion of unlined iron pipe and
cementations materials. Application of one index from water stability indices may not be
able to predict water corrosivity, while some factors such as water quality and water
installation materials should be regarded too (Gholikandi et.al., 2011).
Survey of water stability indices have demonstrated that treated water of places in
Al-Hilla city are characterized by moderate corrosion potential and the corrosivity of
water shows decreases in the water following downstream (Al-Husseini, 2012).
The mean values of Ryznar Index (RI), Langelier Saturation Index (LSI), and
aggressive index (AI) were slightly scale forming, non-scale forming, corrosive and noncorrosive, respectively. Also the mean of scale formation rate values in Shiraz drinking
water pipes was 0.26 mm/y. Results indicated that main compositions in scale samples
were calcium carbonate, calcium sulfate, magnesium carbonate, magnesium sulfate,
hematite, magnetite, goethite, zinc oxide, gypsum, dolomite, and hydroxyapatite. Main
elements in scale samples were magnesium, silicon, phosphorus, sulfur, zinc, copper and
lead (Tavanpour et.al., 2016). The studied of stability indices of drinking water in
Dehloran indicates that the water is corrosive; therefore, the water quality in distribution
network should be absorbed constantly and necessary measurements should be taken to
control the corrosion (Dargahi et.al., 2016).
Drinking water of Babol city has corrosion potential and thus, the water quality
must be monitored depending on pH, Alk, and hardness along with the use of corrosion
resisting materials and pipes in drinking water distribution systems (Amoueia et.al.,
2017).
The Langelier Saturation Index (LSI) values obtained at four sampling points from
the intake to the consumer suggested that the water in the distribution line in Malawi was
corrosive all the way to the consumers. This could cause risky effect on consumer health
and may influence the lifespan of the water pipes themselves (Kabwazi et.al., 2015).

2. Materials and methods:
2.1. Study area:
This study conducted in middle of Al-Hilla city at Al-Tayyaraa water treatment
plant. The samples were collected during a period of twelve months, starting from
January to December 2016.
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2.2. Corrosion and Scale-forming Potential of Water Indices:
2.2.1
The Langelier saturation index (LSI) is probably the most indicator of water scale
potential or water corrosivity. The LSI is define as (Arkoç, 2013):………………………………………………… .……………….. (1)
Where,
and
and it is given by
.............................................................…...…... (2)
Where, A, B, C, and D are defined by
………………………………………………………. (3)
.……………… …..….….……….… (4)
………...……………….……………..…. (5)
………...……………………………………..... (6)
Table (1) below shows the values of LSI:
Table (1): Scale and Corrosion potential tendencies of water with different
Langelier Saturation Index values (LSI) (Tavanpour et.al., 2016)

2.2.2.
Same parameters in the Langelier saturation index are also used in the Ryznar index
(Arkoç, 2013). Table (2) below shows the values of RI. The index RI is given by
……………………………………………………….………….… (7)
Table (2): Scale and Corrosion potential tendencies of water with different
Ryznar Index (RI) values ((Al-Husseini, 2012)

2.2.3.
The aggressive index AI is given by
……………....……………………..…………….. (8)
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Where, Alk is Alkalinity as
and Ca is Calcium concentration in
. Table (3) below shows the values of AI.
Table (3): Scale and Corrosion Tendencies of water with various Aggressive Index
(AI) values (Tavanpour, et al., 2016)

3. Results and discussion
Three indices of corrosion and scaling in this study are considered, which are
namely Ryznar Index (RI), Langelier Saturation Index (LSI), and Aggressive Index (AI).
To determine the potential of corrosion and scaling of raw and treated water in at AlTayyaraa water treatment plant, water quality parameters including pH, alkalinity,
calcium (Ca), temperature, calcium as CaCO3, and total dissolved solids (TDS) were
measured. The determined values of LSI are (0.14-0.504) for raw water and (0.03-0.4) for
treated water as shown in Figure (1). The calculated results reveal that the values of RI
are in the range of (6.956 -7.62) for raw water and in the range of (7.02-7.7) for treated
water as shown in Figure (2). Figure (3) shows the determined results for AI, which are in
the ranges of (11.77-12) and (11.67-11.948) for raw and treated water, respectively. The
alkalinity values of less than 30 mg/L, in the form of calcium carbonate, cause water
corrosion. If the alkalinity values as calcium carbonate are maintained at levels higher
than 65 mg/L, the extent of corrosion and release of iron decrease (Tavanpour et.al.,
2016). In water having low pH and low alkalinity (i.e. highly aggressive waters), the
conditions are not suitable for calcite precipitation and thus concrete is susceptible to
corrosion/lime leaching. However, in waters with high carbonate concentrations and at a
higher pH, calcium carbonate (CaCO3) precipitates readily, both at the concrete-water
interface and within the micropores that extend from the concrete interior to the interface.
In general, this precipitated CaCO3 has been assumed to protect the underlying concrete
from degradation (Douglas et.al., 1996). Excessive precipitation of calcite can lead to
scaling problems, which might occur in passive water conditions (i.e. high alkalinity and
high pH). The corrosion of concrete in water concrete plant is a function of the water
chemistry and chemical equilibrium with the various hydration phases. The degree of
calcium carbonation saturation and the carbonation speciation of water control the
degradation of cement materials. This is generally called the carbonic aggressively
(AWWARF and DVGW-TZ. 1996). When there is an increase in the Alkalinity value,
there will be an increase in calcium carbonate deposition and thus reduces corrosion.
High pH (alkaline water) may form a layer that would help to protect against corrosion
(Al-Husseini, 2012). The main reasons of internal corrosion of steel bars in water
treatment plants is conventional acid attacks, which are caused by lower levels of pH
value that leads to sulphate attack, which is attributed to the direct discharge of industrial
waste in sewer systems (Parande et.al., 2005).
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Figure (1): variation of (LSI) values with months.

Figure (2): variation of (RI) values with months.

Figure (3): variation of (AI) values with months.

4. Conclusion
The calculated values of Langelier Saturation Index (LSI) indicated that the raw
and treated water were balanced to some faint coating (light scale forming). The values of
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RI pointed that the raw and treated were corrosive and the values of aggressive index
showed that the water was of moderate corrosion.
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