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ABSTRACT

Purpose: Maintaining a healthy water distribution infrastructure 
is the key to providing good quality services to the consumers 
for long period of time. Maintaining the integrity of the infra-
structure is not possible without appropriate management of 
water quality throughout the water distribution system. Water 
distribution network in the city of Sharjah, UAE is facing one 
such challenge. Due to its large and diverse network characteris-
tics, understanding the water quality pattern is critical to ap-
propriate management. The objective of this paper was to study 
the variability of the water quality parameters in Sharjah water 
distribution network.

Methodology: Water quality monitoring data was collected 
from 46 diff erent locations throughout the distribution network 
within Sharjah Water Electricity Authority (SEWA). Several water 
quality parameters were monitored including pH, Electrical Con-
ductivity (EC), residual chlorine, iron and fl uoride. Graphical and 
Geographic Information Systems (GIS) based analysis was con-
ducted on the variability of water quality parameters throughout 
the distribution network.

Study the variability of
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Findings: The results indicated that the old part of the city is more
venerable to water quality degradation than the new distribution network. 
Even though all the water quality parameters were within the limits set by 
the government, there are sections of distribution network that can be 
maintained with priority to ensure sustainable infrastructure.

Originality/Value: This study provides an important understanding of the
variability of water quality through SEWA water distribution network. 
Hence, the study revealed the sections of the distribution network that 
needs to be managed for sustainable development for the city of Sharjah

Keywords: water distribution network; water quality; infrastructure
integrity; sustainability; spatial variability; infrastructure management.

INTRODUCTION

A properly maintained water distribution system is critical in delivering 
safe water to the consumers (Furnass et al., 2013). Even though water 
treatment plants produce good quality water, the role of water distri-
bution system has received a lot of scrutiny in the recent years. It is 
especially true for a large water distribution network where the interre-
lations between the distribution infrastructure and water quality are of-
ten very complex. Understanding the relationship is important not only 
for ensuring good quality water, but also essential for maintaining the 
integrity of the distribution infrastructure (Dion-Fortier et al., 2009).

Water quality in the distribution network is dependent on many fac-
tors (Rodriguez et al., 2003). The quality of the treated water is among 
the most important factor infl uencing the pattern of the water qual-
ity throughout the distribution system. The type of water treatment 
and source water quality plays in the role. The type of pipe materials 
is another important factor affecting the water quality in addition to
the year of installations and proportion of water leakage. The parts 
of the distribution system close to the source water are less affected 
by the water and distribution system interaction. The impact of all 
these factors on the water quality is often complex and not easy to 
understand. It is especially true for large water distribution network 
(Charisiadis et al., 2015).

Several studies involving water quality parameters have been con-
ducted on the water distribution system. Studies were conducted on 
the variability of disinfection byproduct within the distribution system 
(Charisiadis et al., 2015; Shanks et al., 2013; Wei et al., 2010). Chlorine 
decay within the distribution system has also been explored through 
modelling studies (Cordoba et al., 2014; Nagatani et al., 2006). Some 
of these studies were limited to one type of pollutant while some stud-
ies were restricted to small distribution systems. The use of Geographic 
Information Systems (GIS) has been used in a limited capacity for water 
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quality assessment in a distribution network, and limited information is 
found in the literature. Furthermore, large water distribution system is 
often overlooked in most of these studies.

GIS has been successfully utilised utilised in many studies to under-
stand complex hydrological and environmental processes through the 
analysis of their spatial and temporal patterns. This includes spatial 
and temporal analyses of the parameters for some ecological envi-
ronmental processes (Gebbert and Pebesma, 2014; Xie et al., 2015), 
distributed hydrologic modelling (Bhatt et al., 2014), and GIS-based 
regression analysis (Kelsey et al., 2004). A GIS-based Inverse Distance 
Weighing (IDW) method was used to determine the values of the fi ve 
quality parameters being considered in this study over the service area 
(278.2 km2) and along the water distribution network using the values 
of the parameters collected at all 46 monitoring stations (Chang, 2006; 
Mesnard, 2013). 

The objective of this study was to assess the variations of water 
quality throughout the water distribution system in Sharjah, UAE.
A GIS-based analysis was conducted to assess the variations of water 
quality. The standard IDW method in ArcGIS 10.2 was used to create an 
interpolated surface for each parameter while a vector GIS-based ver-
sion of the method was used to predict the values of the parameters 
at regular spacing of 50 m along the distribution network (3152.2 km), 
over the period of study. Temporal variations of water quality were 
assessed in one particular location in the distribution system network. 
Several water quality parameters were analysed.

STUDY AREA AND NETWORK

Water distribution network within the City of Sharjah was used for 
this study (Figure 1). City of Sharjah is one of the major cities in the 
UAE. It is located by the side of the Arabian Gulf and beside the City 
of Dubai. The distribution network is currently managed by Sharjah 
Water Electricity Authority (SEWA). SEWA has more than 3000 km of 
distribution pipe network. Several pumping stations are used to main-
tain pressure within the distribution network. The pipe networks are 
mostly made of Asbestos Cement (AC) pipes. In addition Polyethylene 
(PE) and Polyvinyl Chloride (PVC) pipes are also used in the distribution 
network. SEWA monitors water quality in the distribution network at 
46 locations. These locations are distributed uniformly throughout the 
distribution network (Figure 1). Water quality monitoring data of these 
locations were used for the years 2012–2014. Several water quality pa-
rameters including pH, Electrical Conductivity (EC), chlorine residual 
and iron were monitored.

The City of Sharjah grew extensively over the last decades in terms 
of both the areas covered and the populations served. Therefore,
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majority of the water distribution pipes are relatively new. Water 
leakage information indicated a very robust distribution network 
with around 13–15% leakage in the SEWA network. The water supplied 
to the SEWA network is from seven different treatment plants that
supply desalinated water throughout the distribution network.
Most of the desalinated water is via Multi-Stage Flash (MSF) distilla-
tion and Reverse Osmosis (RO) processes used to treat the seawater. 
Inland treatment plants use RO processes to treat brackish water.
Due to the multiple sources of water in the network it is often
diffi cult to pinpoint areas of concern accurately by investigating the 
water treatment plants.

Figure 1  Water distribution network in the City of Sharjah, UAE

METHODOLOGIES

Water quality analysis was conducted based on spatial variability and 
temporal variability. Temporal variability was studied on a single moni-
toring location, American University of Sharjah (AUS). Monthly average 
data were used for 34 available months. The notations for months were 
used chronologically indicating 1 as January 2012, 2 as February 2012 
and 34 as October 2014. The dataset were plotted for pH, EC and re-
sidual chlorine for analysis.

The spatial variability was studied using GIS. The average water 
quality parameters in 2012 was used to create 50-m cell-size raster 
surfaces using the IDW method in ArcGIS 10.2 utilising the measured 
parameters values at the monitoring locations. The general form of
the IDW function used to fi nd interpolated values of the parameters
p at a given point in space s based on the known values pi5p(si) for
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i51,2,…, n and distance-based weights wi (s)51/[d(s, si)] is given
below: 

A vector-based version of this method was used ArcGIS to predict the 
parameters values at every 50-m spacing along the water network 
using the sampled parameters values collected at the monitoring
stations.

RESULTS AND DISCUSSIONS

Temporal variability

Figure 2 illustrates the pH values of water distributed at AUS. All pH 
values were within the allowable range of 6.5—9.2. There are no vis-
ible pattern or major changes in the pH values between the months. 
There were two months (August 2014 and September 2014) that had 
relatively higher pH values of 8.2 and 8.1, respectively. Further investi-
gations are being planned to determine the cause of the discrepancies 
in these two months.

Figure 2  Temporal variations of pH

Figure 3 illustrates the variation in the EC of the distributed water at 
AUS. There were only two months (September 2012 and July 2013) 
when the water had higher EC than the maximum allowable limit of 
1600 microS/cm. Since EC provides information on the amount of
dissolved solids in the water, and which can indirectly relate to the
salinity of the water, it can be concluded that the water had low
salinity and suitable for drinking.
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Figure 3  Temporal variations of EC

Figure 4 illustrates the residual chlorine concentration over the three-
year period at AUS monitoring location. With the chlorine residual 
guideline in Sharjah being between 0.2 and 1.0 ppm, the distributed 
water consistently achieved the chlorine target. There was one excep-
tion, in the 30th month (June 2014) when the chlorine concentration 
was 0.17 ppm. However, it was not possible to determine the cause 
of the slight reduction. It is worth mentioning that large development 
projects have been completed and ongoing in recent times in the area 
that has resulted in an increase in the distribution network size. It is 
possible that the chlorine injection at the dosing point was insuffi cient 
during that month. Recent measurements of residual chlorine concen-
tration in the laboratories and housing complexes at AUS found average 
values of 0.45 ppm.

Figure 4  Temporal variations of residual chlorine

Spatial variability

The IDW method has helped in creating the raster-based spatial vari-
ability surfaces in the study area as shown in Figures 5–7. Figure 5 
shows the vector-based spatial variability maps of pH along the water 
distribution network in the study area. The spatial distributions of pH 
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over the study area indicated an evident clustering of high values in 
the part of the study area to the east of Khalid Lagoon. 

Figure 5  Spatial Variability of pH in 2012 (SD 60.38)

Figure 6  Spatial Variability of EC in 2012 (SD 6509.60)

Figure 6 shows the spatial distributions of EC throughout the SEWA
distribution network in 2012. Higher EC values were evident in the 
older part of the distribution network as opposed to new distribution 
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network having lower conductivity. Old part SEWA distribution network 
is also closely placed to the Arabian Gulf with high salinity. Also the 
largest desalination plant supplying the water in the network is close 
to that area. 

Figure 7 shows spatial chlorine distribution in the City of Sharjah in 
2012. Chlorine distribution showed clusters of high values at around 
four of the monitoring stations isolated by lower values across the study 
area. There were no clear relationship of chlorine residual and the loca-
tion in the distribution system. It could be due to the reason that multi-
ple sources were supplying water throughout the distribution network.

Figure 7  Spatial Variability of Chlorine in 2012 (SD 60.214)

CONCLUSIONS

The study analysed variations of water quality parameters throughout 
the distribution network in the City of Sharjah, UAE. It used water quali-
ty data from 46 monitoring locations. The study revealed that pH, EC and 
residual chlorine were consistently maintained throughout three year 
period for most of the locations. Spatial distribution indicated that water 
quality close to the Arabian Gulf and old part of the city had slightly dif-
ferent characteristics than the new part of the distribution network.
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