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Abstract
Microbiological quality of drinking water is the most important aspect in relation to
human health. The Gaza Strip has a serious deterioration in drinking water quality,
and the level of microbiological contamination is exceeded the World health
Organization (WHO) limits, especially in Middle governorate. The disinfection by
Chlorination is one of the most suitable processes that can be used in the treatment of
microbiological contamination of drinking water. To date; applications of chlorine in
the treatment and protection of drinking water distribution system is not well
established in the Gaza Strip. This research aimed to evaluate and simulate the
residual chlorine as an indicator of microbial contamination in drinking water
distribution system in Middle governorate. The level of Total and Fecal coliforms
contamination in water distribution system was evaluated. All samples were collected
according to fixed sampling points plotted on the network distribution system. Total
coliform contamination percentages ranged between 0% and 83%, whereas the
percentage of Fecal coliform contamination ranged between 0% and 67% throughout
all municipalities in Middle governorate. The level of residual free chlorine in all
collected samples was determined. Statistical relationship between the level of free
chlorine and microbial contamination was investigated. The results indicate that the
water quality regards Fecal coliforms contamination is not suitable for drinking
purposes in most municipalities. In addtion, the level of residual chlorine in 86% of
collected samples was not complying with WHO limit (0.2 mg/l). Therefore, there is
an urgent need for working to maintain and improve the efficiency of chlorination and
bacteriological quality process in water distribution system. WaterCAD software was
utilized to simulate water distribution system and conduct an optimal model for the
best chlorination system of drinking water in El-Briage municipality as a case study.
The study confirmed that the existence of standard amount (0.2 mg/l) of residual
chlorine will maintain the level of microbial contamination in water network
distribution system within the limits of WHO.

Keywords: Microbial quality, Chlorination, Drinking water, WaterCAD.
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الخالصة
الجودة الميكروبيولوجية لمياه الشرب هي الجانب األكثر أهمية فيما يتعلق بصحة اإلنسان .قطاع
غزة يعاني من

تدهور خطير في نوعية مياه الشرب ،حيث تجاوز مستوى

التلوث

الميكروبيولوجي الحد المسموح به من منظمة الصحة العالمية ،خصوصا في المحافظة الوسطى.
عملية التعقيم باستخدام الكلور هي واحدة من أكثر العمليات المناسبة التي يمكن استخدامها في
عالج التلوث الميكروبيولوجي في مياه الشرب حتى اآلن؛ مع العلم بأن تطبيقات الكلور في
العالج وحماية نظام توزيع مياه الشرب لم يتم تأسيسها بشكل جيد في قطاع غزة .تهدف هذه
الدراسة (البحث) إلى تقييم ومحاكاة لنسبة الكلور الحر كدليل على وجود تلوث ميكروبي في نظام
مياه الشرب في المحافظة الوسطى .تم تقييم مستوى التلوث من خالل تحديد نسبة مجموعة
القولونيات والقولونيات البرازيه في نظام توزيع المياه في محافظة الوسطى ،حيث تم جمع كل
العينات وفقا لنقاط مخصصة وثابتة في شبكة توزيع المياه .قد تراوحت النسبة المئوية للتلوث
بمجموعة القولونيات ما بين  ٪0و  ،٪83في حين تراوحت نسبة التلوث بالقولونيات البرازية
بين  ٪0إلى  ٪67في جميع بلديات المحافظة الوسطى ،كما تم تحديد نسبة الكلور الحر في جميع
العينات التي تم جمعها ،ومن خالل النتائج تم التأكد من وجود عالقة إحصائية بين مستوى الكلور
الحر والتلوث الميكروبي .وتشير هذه النتائج إلى أن نسبة التلوث بالقولونيات البرازية في المياه
جعلتها غير مناسبة ألغراض الشرب في معظم البلديات ،إضافة إلى ذلك فإن نسبة الكلور الحر
في  %86من العينات التي جمعت وكانت اقل من الحد الموصى به من منظمة الصحة العالمية
( 0.2ملغم  /لتر) لذلك كانت هناك حاجه ملحه للعمل على صيانة وتحسين عملية الكلورة وجودة
مياه الشرب البكتريولوجيه في نظام توزيع المياه.
استخدم برنامج  WaterCADلمحاكاة نظام توزيع المياه وإجراء النموذج األمثل ألفضل نظام
كلورة لمياه الشرب في بلدية البريج كحالة دراسة .وأكدت الدراسة أن وجود كمية قياسية من
الكلور المتبقي ( 0.2ملغم  /لتر) سوف تحافظ على مستوى من التلوث الميكروبي في نظام
توزيع شبكة المياه في الحدود المسموح بها في منظمة الصحة العالمية.
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Chapter one

Introduction

1

Chapter one: Introduction

1.1 General View
The Gaza Strip is a part of the Palestinian coastal plain in the south west of Palestine,
where it forms long and narrow rectangle on the Mediterranean Sea. It is bordered by
Egypt from the south, Negev desert from east and the green line from the north as
seen in Figure (1.1). The Gaza Strip occupies an area of about 378 Km2; about 45 Km
long and 5-15 Km wide(Khalaf, 2005). The Gaza Strip is divided into five
Governorates which are:


North Governorate with total area of about 60.98 Km2 and comprises three
towns; Jabalia, Bit Hanon and Bit Lahia.



Gaza Governorate with total area of 73.35 Km2.



Middle Zone Governorate that presented a total area of 56.22 Km2 and has 5
refugees camps; Deir El-Balah, Maghazi, El-Briage, Nussirat and Zwaida.



Khanyounis Governorate with a total area of 110 Km2.



Rafah Governorate with a total area of 60.48 Km2.

The population characteristics of the Gaza Strip are strongly influenced by political
developments, which have played a significant role in the growth and population
distribution of the Gaza Strip. About 1,701,437 of the Palestinian people live and
work in the Gaza Strip. The Gaza Strip is classified as one of the highest dense
populated area in the world. The population is mainly concentrated in the cities, small
villages and eight refugee camps that contain two thirds of population. The people of
the Gaza Strip are generally young, about 75% of the population is under 35 years
(PCBS, 2013).
The Gaza Strip is one of the semi-arid area where rainfall is falling in the winter
season from September to April, the rate of rainfall is varying in the Gaza Strip and
ranges between 200mm/year in the south to about 400 mm/year in the north, while the
long term average rainfall rate in all over the Gaza Strip is about 317 mm/year, The
average daily mean temperature range from 250 C in summer to 130 C in winter
(CMWU, 2011).
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Figure 1.1: Location of the Gaza Strip and Distribution of Governorates and
Towns (Source: Ministry of Environmental Affairs (MENA), (1999)

1.2 Water Recourses
There is no permanent surface water in Gaza Strip. However, the only form of the
surface water is related to wadis. It has been reported that the wadis may carry
substantial amounts of water for relatively short time during the rainy season. In
particular, the wadi Gaza may transport a large amount of water. However, the floods
may not occur every year and especially recently the floods of the Wadi Gaza have
decreased as a result of the construction of dams and reservoirs on the upstream
Israeli side. Groundwater is recharged from several sources including rainwater,
return from irrigation, sewage infiltration and seawater intrusion, Groundwater is the
3

main source of fresh water and is of primary importance to the Palestinian in the Gaza
Strip (Al-Agha, 1995).
The total abstraction of Groundwater in Gaza Governorates is estimated to be 135
Mm3/year (Tubail et al., 2004). Crops cultivation consume around two thirds of
Groundwater pumped through more than 4000 wells located over all Gaza
Governorates (Palestinian Water Authority, PWA, 2002). The remainder is used for
industrial and domestic water supplies. The aquifer is continuously being
overexploited (Naciri and Ttlich, 2001). The gap between water demand and water
supply is increasing with time as a result of rapid population growth in this small area
(growth rate = 4.5%, (PCBS, 2000). The water balance record reveals a deficit of
about 45 Mm3/year (Tubail et al., 2004).
The population of Middle Zone is about 190,000, and receives a water supply through
the CMWU water supply system. 85% of the Total population is connected to water
distribution system, The durability of water supply ranges from 12-18 hrs a day. The
quality of water in all the wells are above WHO limits, 75% of the population is
connected to sewerage system (PWA, 2011).

1.3 Microbiological Water Quality
Water-related diseases are a growing human tragedy worldwide, killing more than 5
million people each year-10 times the number of people killed in wars. About 2.3
billion people suffer from diseases linked to dirty water. Around 60% of all infant
mortality worldwide is linked to infections and parasitic diseases most of them waterrelated (Okpara et al., 2011). Infiltration of wastewater from already overloaded
sewerage system to the water distribution system is witnessed in some areas in Gaza
as a result of eroded pipes and fittings. The most important challenges in water
treatment is to get rid of drinking water from hazards pollution as a result of adequate
micro-organisms and chemical pollutants, that water does not constitute a threat to
public health after treatment.
Researchers in water science and environmental studies care about the main pollutants
that are exposed water by anthropogenic, especially the agricultural and industrial
ones. Chloride content ranges from 200 to 1000 mg/l. 77% of groundwater wells have
nitrate concentrations greater than 50 mg/l, 44% greater than 100 mg/l, and 32% have
4

Fecal Coliform (Lyonnasie, 1995). Microbiological quality is the most important
aspect of drinking water in relation to waterborne diseases as most of the risk of
chemical pollution due to the sea water intrusion is intensively discussed neglecting
other quality parameters such as microbiological safety of drinking water in the Gaza
Strip (Abu Amr et al., 2008). Many types of bacterial and viral pathogens were
detected such as Fecal Coliform, Salmonella, Clostridium, Cholera, hepatitis A virus
and others. From time to another these pathogenic microorganisms could cause
outbreaks of infectious diseases such as astroenteritis (diarrhea) and enterocolitis
(fever, diarrhea, vomiting). High parasitic infection rates were recorded among
children in Gaza City with Giardia lamblia, Ascaris Lumbricoides and Entamoeba
histolytica are the most frequent (Yassin et al., 1999 and Shubair et al., 2000).

1.4 Water Disinfection
The final process in drinking water treatment is disinfection. Water disinfection is one
of the most important processes which protect public health. This process can be done
by means of physical and/or chemical methods. Heating and UV-radiation are the
main physical methods. Heating water to the boiling point will destroy the major
disease-producing nonspore-forming bacteria. It is commonly used in the beverage
and dairy industry but it is not a suitable mean for disinfecting large quantities of
drinking water because of the high cost. Ultraviolet radiation is effective in destroying
microorganisms. However, no residuals left in water to ensure the persistence of
disinfection in using physical methods. Chemical methods represented by using
oxidizing chemical agents such as Ozone (O3), Chlorine dioxide (ClO2), Chlorine
(Cl2) … etc (Okpara et al., 2011).
Chlorination is the best disinfectant which own the properties to remain until after the
disinfecting process as it provides certain and continuous protection of drinking water
from water sources leading to the final consumer (Khleifat et al., 2006). Besides being
cheap, chlorination is the most widely used disinfectant, both in centralized water
distribution systems and for point-of use treatment in individual households. It is
effectiveness against a wide spectrum of disease causing organisms. Only chlorinebased disinfectants leave a beneficial residual level that remains in treated water,
helping to protect it during distribution and storage World Chlorine Council (WCC,
2008). Hence, it is important to study a residual chlorine levels in drinking water
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distribution network to ensure the integrity of the process of chlorination. Therefore,
the current research discusses and evaluates the chlorination process and reveals the
residual chlorine within a drinking water distribution system in the Middle
Governorate of the Gaza Strip. Residual chlorine propagation at different distances
starting from the chlorine dosing units to the end of the distribution system also will
be studied to ensure adequate residual chlorine.

1.5 Problem Statement
1. Microbiological pollution of water in the Gaza Strip is a serious problem. It
may occur in water wells, distribution system and in the tanks at home (ELMahallawi, 1999). From major factors contributing to the coliform problem in
the Gaza Strip in general, improper maintenance of the distribution system and
inadequate or interrupted disinfection process. In addition to factors crosscontamination of pipeline systems may contribute to higher levels of total and
fecal coliform contamination registered for water networks. Detection of
bacterial indicators in drinking water means the presence of pathogenic
organisms that are the source of waterborne diseases. Such diseases could be
fatal. Epidemic giardiasis associated with contaminated drinking water has
been reported in different locations in the Gaza Strip, Intestinal parasites are
prevalent in the Gaza Strip, (Al-Khatib, et al., 2011).

2.

Chlorine is the disinfectant of choice for most countries in the world today,
including Palestine. The injection of chlorine in public water systems as a
disinfectant has been one of the great public health advances in modern times.
Chlorine is normally applied as part of the treatment process prior to water
pumping into the distribution system. Chlorine residual measurement must be
carried out throughout the distribution system in order to maintain the integrity
of the water while being delivered to the end consumer. The main objectives
of the residual chlorine are to inactivate microorganisms in the distribution
system and to control biofilm growth.

3.

Analysis and results of Total and Fecal coliforms of groundwater wells and
drinking water distribution networks which was held by the Ministry of Health
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from the year 1999 to 2003 in the Gaza Strip showed that: Total coliform
contamination percentages in groundwater wells fluctuated from 6% to 13%
during that period. In drinking water distribution networks, the values of Total
coliforms fluctuated from 12% to 20%. Fecal coliform contamination in
groundwater wells ranged from 2% to 8%, whereas, in networks; it ranged
from 4% to 12%. It was obvious that total and Fecal coliform contamination
levels exceeded the World Health Organization recommendation, and these
levels were generally higher in water networks than in wells (Yassin, et al.,
2006).
4.

Contamination can enter the system by cross-connections or pipeline breaks.
These events can result in exhaustion of chlorine residual that serves as a
mitigating measure against subsequent microbial contamination in distribution
lines. Chlorine residual will also decay “naturally” within the system because
of reaction of chlorine with materials in or on the pipe wall. This can be either,
the pipe material itself or biofilms especially at low velocity of flow, or
sediment at the pipe surface. The ability to predict this chlorine loss is difficult
due to the variable physical characteristics of pipes within the distribution
system (e.g., age, construction material, diameters, encrustation, sediment
accumulation, etc.).

5.

The applications of chlorine in the treatment process and protection of
drinking water distribution system is not well established yet in the Gaza Strip.
Hence, this study was undertaken to evaluate and simulate the residual
chlorine as an indicator for microbiological contamination in the drinking
water distribution system in the Middle governorate of Gaza Strip.

1.6 Justification of the Study
Reasons for the selection of this topic include the following:


The level of microbial contamination in both groundwater wells and drinking
water networks generally exceeded that of WHO limit. The level of total and fecal
coliform contamination in water networks is higher than that in wells in the Gaza
Strip governorates (Abu Mayla and Abu Amr, 2010).
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There is a limited number of studies about the correlation between residual
chlorine and microbial contamination in the Gaza Strip specially in the middle
governorate of the Gaza Strip.

1.7 Study Objectives
The aim and objectives of this research work is to evaluate and simulate the residual
chlorine response to microbial contamination in drinking water distribution system.
The specific objectives of this study are:
1. To evaluate the chlorination process and microbial contamination in drinking
water distribution system
2. To determine the statistical correlation between chlorination process efficiency
and microbial contamination
3. To Simulate drinking water distribution system in El-Briage municipality by
using WaterCAD computer modeling to recommend the possible method to
improve the chlorination efficiency of drinking water.

1.8 Thesis Outline
The study consists of five chapters. Chapter one is an introduction that describes the
importance of drinking water, description of the study area that includes the
population, water situation in addition to the water supply and sanitary services
characteristics in middle zone Governorate, and the effect of the disinfection
processes on the water quality. the research structure according to the problem and the
aims of this research. Chapter two is a literature review that describes the past and
related studies of the factors effecting to chlorination process and how to improve it
through many ways. Chapter three describes the approach and methodology for
achieving the objectives of this research. Chapter Four presents the results and
discussion according to the required standards for the drinking water, a selection of
El-Briage Camp as a case study with the description the water situation, water
demand, also using WaterCAD program to simulate and improve the quality of
drinking water in distribution system in this area. Chapter Five provides the
conclusions and recommendations of the study.
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Chapter Two

Literature Review
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Chapter Tow: Literature Review

2.1 Introduction
Disinfection is the treatment process used to destroy disease-causing organisms in a
water supply. Chlorination (the addition of chlorine) is the most common method of
disinfecting drinking water. Other disinfectants that small systems might want to
consider are ozone and ultraviolet (UV) radiation. When chlorination is performed
properly, it is a safe, effective, and practical way to destroy disease-causing organisms
It also provides a stable residual (disinfectant remaining in the water) to prevent regrowth in the distribution system. However, under certain conditions, chlorine can
combine with remaining organic materials in the water to produce potentially harmful
by products (Peavy et al .,1985); complex chemical reactions occur when chlorine is
added to water, but these reactions are not always obvious. For example, a chlorine
taste or odor in finished water is sometimes the result of little chlorine rather than too
much. It is important for operators to understand basic chlorination chemistry and the
factors affecting chlorination efficiency.

2.2 Microbial contamination of water wells
Community groundwater supplies are routinely monitored for drinking water standard
compliance and are generally free of contamination. Groundwater is better protected
from the risk of microbial contamination than surface water because of the soil, which
acts as a barrier above it. However, contamination of groundwater with such
microorganisms was addressed. Shallow wells and wells that do not have watertight
casings can be contaminated by bacteria infiltrating with floodwaters and the flooding
of wastewater, (Abu Amr et al , 2008). However, contamination may occur improper
installation and lack in construction and maintenance of the well. Private water well
is also vulnerable to contamination from bacteria. It is important to maintain safe
distances between private ground water wells and possible sources of contamination
(Schmilz, 1984).
Chen,)1988) reported significant nutrient and Fecal Coliform contamination of Lakes
shore groundwater in northeast of New York State. The fate of wastewater effluents
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discharged had been investigated from 17 septic tanks disposal systems located near
the shores of eight lakes. The depth of groundwater from discharge point of the
sewage system was the main factor in influencing the pattern and severely of
groundwater contamination. Bauder et al, (1991) examined private wells in Montana
and reported that the contamination with Coliform bacteria was 40%. Morz and Pillai,
(1994) has tested bacterial population in the groundwater on the USMexico border in
El Paso Country, Texas. From 73 domestic wells were sampled using a variety of
selective media to determinate the extent of bacterial contamination of the
groundwater, thirteen wells were contaminated by Fecal Coliform, whereas other
wells contaminated by a variety of bacterial genera including some potential
pathogens that normally would not be detected by standard methods of water testing.
Lieberman et al., (1995) has examined 30 public water supply wells judged to be
vulnerable to Fecal contamination. These were sampled monthly for one year. The
author reported that 24% of the wells were positive for cultivable viruses, more than
50% positive for Coliphages, 50% positive for E. coli, and 70% positive for
Enterococci. These results indicated that multiple samples of a source were necessary
to determine the contamination.

2.3 Microbial contamination of water distribution system
One of the more common ways in which drinking water supply systems are
contaminated by sewage is through cross contamination of pipeline systems. Schmitz
(1984) pointed out that sanitary sewer lines should be separated from water lines by a
minimum of 10 feet. If they cross each other, they should be separated by 18 inches
with the water line above the sewer line Distribution systems are especially vulnerable
to contamination when the pressure falls, particularly in the intermittent supplies of
many cities in developing countries.
In the distribution system environment, many bacteria reach the pipe walls and
sediments where the fine conditions suitable for survival and possible growth.
Bacteria may attach to the surfaces of pipes or particles by means of glycocalyx,
which is composed of complex mucopolysaccharide material. The organisms may
also respond to the low nutrient condition from disinfecting. Once attached to the pipe
or sediment surfaces, the organisms benefit by the presence of other organisms and
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their capsular and glycocalyx materials, and possible by symbiotic interactions in
which metabolites released by other organisms may be used as nutrients and vice
versa. Biofilms develop in all aquatic ecosystems and water distribution systems are
no exception (Nagy et al., 1983; Donlan, and Pipos. 1987). In a published study of
persistent Coliform problem in New Jersey, Coliforms were first isolated in June 1984
and have persisted at varying levels since that time (LeChevallier et al., 1987). The
water received conventional treatment (pretreatment, flocculation, clarification,
filtration, and postdisinfiction). In studying this problem, investigators concluded that
the plant met the Coliform standard. However, Coliforms were found in 193 of 500
(38.6 percent) of the distribution samples collected between May and August 1986
(USEPA, 1990).
Microbial contamination can occur as a result of the use of unsuitable materials for
items coming into contact with water. Such materials include those used for washers,
jointing and packing materials, pipe and tank lining compounds and plastic used in
pipes, tanks, and faucets, all of which can deteriorate to form substances that support
the growth of microorganisms (WHO, 1996). Sibille et al., (1998) quantified the
microbial communities (especially bacteria and protozoa) in two distribution networks
in Franc, one of GAC water (i.e., water filtered on granular activated carbon) and the
other of nanofiltered water. The nanofiltered water-supplied network contained no
organisms larger than bacteria either in the water phase (on average, 5x107 bacterial
cells / liter) or in the biofilm (on average, 7x106 bacterial cells /cm2). No protozoa
were detected in the whole nanofiltered water-supplied network (water plus biofilm).
In contrast, the GAC water-supplied network contained bacteria (on average, 3x108
cells /liter in water and 4x107 cells/cm in biofilm) and protozoa (on average, 105
cells/liter in water and 103 cells/cm2 in biofilm).
In Deir El-Balah-Gaza Strip, 8% of water distribution samples was contaminated by
Total Coliform but Fecal Coliform was not detected in winter season. In summer
season the percentage of samples contaminated by Total Coliform was 16% and 4%
by Fecal Coliform (Elmahalawi, 1999). Zacheus et al., (2001) studied the
microbiological quality of soft pipeline deposits removed from drinking water
distribution networks during mechanical cleaning in Finland. Drinking water and
deposit samples were collected from 16 drinking water distribution networks located
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at eight towns in different parts of Finland. Soft pipeline deposits were found to be the
key site for microbial growth in the distribution networks. The microbial numbers in
the soft deposits were significantly higher than numbers in running water. The highest
microbial numbers were detected in the main deposit pushed ahead by the first swab.
The deposits contained high numbers of heterotrophic bacteria, actinomycetes and
fungi. Also Coliform bacteria were often isolated from deposit samples.
Tokajian and Hashwa., (2003) conducted study in Lebanon over a period of 12
months to determine bacterial re-growth in a small network supplying the Beirut
suburb of Naccache that had a population of about 3,000. The residential area, which
is fed by gravity, is supplied twice a week with chlorinated water from two artesian
wells of a confined aquifer. A significant correlation was detected between the
turbidity and the levels of heterotrophic plate count bacteria (HPC) in the samples
from the distribution network as well as from the artesian wells. Faecal Coliforms
were detected in the source water but none in the network except during a pipe
breakage incident with confirmed Escherichia coli reaching 40 CFU/100 mL.
However, 18 Coliforms such as Citrobacter freundii, Enterobacter agglomerans, E.
cloacae and E. skazakii were repeatedly isolated from the network, mainly due to
inadequate chlorination (Yassin et al., 2006 ; Abu Amr et al., 2008)

2.4 Disinfection of drinking water by chlorine
“Disinfection refers to the selective destruction of disease causing organisms, by use
of chemical agents or physical methods. All the organisms are not destroyed during
the process; this differentiates disinfection from sterilization which is the destruction
of all organisms” (Bergman Genh., 1976).
Water born disease-causing organisms that potentially transmitted in drinking water
such as cholera vibro; dysentery bacteria (Shigella); typhoid and paratyphoid bacteria
(Salamonella), can efficiently destroyed by chlorine. The bactericidal action of
chlorine results from its strong oxidizing power on the bacteria cell chemical
structure, destroying the enzymatic processes required for life (Tortora et al., 1992).
The biological quality of drinking water was determined by tests for coliform group
bacteria, (related to diseases such as typhoid, dysentery and cholera) which found in
the intestinal tract of warm-blooded animals and soil. They are defined as aerobic or
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facultative anaerobic gram-negative, non-endospor-forming, rod-shaped bacteria that
ferment lactose to form gas within 24 hours of being placed in lactose broth at 370 C.
Also, there is a subgroup of coliforms called Fecal coliforms that can grow at 440 C,
E-coli belongs to this group.
The presence of coliform group in drinking water indicates biological contamination.
WHO and (Palestinian standard number 41/1997) requires that Fecal coliform bacteria
in drinking water should be less than 1 colony/100 milliliters of sample (<1/100 ml)
using most probable number method and should not exist using membrane filtration
method (Singleton and Sansdury., 1987).

2.4.1 Chemistry of Chlorination
Chlorine may be applied to water in gaseous form (Cl2) or as an ionized product of
solids as Ca(OCl)2, or as liquid solution of NaOCl. When chlorine is added to water
two reactions take place: hydrolysis and ionization (Peavy et al., 1985).
-

Hydrolysis can be represented as :
Cl2 + H2O ↔ HOCl + H+ + Clֿ

-

ka ≈ 4.5 × 10-4 (at 25°C

Eq. (2.1)

Ca(OCl)2 + 2H2O ↔ 2HOCl + Ca(OH)2

Eq. (2.2)

NaOCl + H2O ↔HOCl + NaOH

Eq. (2.3)

Ionization is represented by the following equation:
HOCl ↔ H+ + OCl- ka = 2.9 × 10ֿ8 (at 25 °C)

Eq. (2.4)

The total concentration of hypochlorous acid (HOCl) and hypochlorite ion (OCl-) is
known as free chlorine. The disinfection efficiency of HOCl is much higher than that
of OCl- ion (White, 1999).

2.4.2 Factors affecting disinfection efficiency
Several important factors determine disinfection efficiency of drinking water. These
are water quality, chlorine concentration, contact time, pH, and temperature. The
following is a brief description of the effect of these factors on disinfection efficiency.


Water Quality

The water to be chlorinated should be clear and bright, or render so by filtration or
other means. The presence of suspended matter impairs chlorination because it
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absorbs chlorine and prevents contact between bacteria and chlorine. In addition,
water should be free of dissolved organic matter, sulphides, nitrites and iron, which
react with chlorine and consumes it (Taylor, 1949; Gary, 1994; Rouqes, 1996)


Chlorine Concentration and Contact Time

Chlorine concentration is obviously of great importance. It must be sufficient to
satisfy immediate chlorine demand and to destroy bacteria, yet not so high as to
render the water odorous and unpalatable, unless dechlorination is employed. The
required dosage is that amount of chlorine, which, after satisfying the immediate
demand as a result of presence of impurities in the water, leaves sufficient residue to
destroy bacteria. Since, this destruction is not instantaneous, adequate contact time is
required (Taylor, 1949; Haas et al., 1996; Shang and Ernest., 2001).


pH and Temperature

pH effect on disinfection efficiency is due to the fact that the pH of water determines
the relative amounts of HOCl and OCl- according to the following reaction:
HOCl(aq) ↔ H+(aq) + OCl-(aq)

Eq. (2.5)

This dissociation reaction is governed by pH as shown in Figure (2.1). At low pH the
formation of HOCl is favored over OCl- while the opposite is favored at high pH
(Vissman and hammer. 1985).
The effect of temperature can be represented by Van`t Hoff- Arrhenius relationship as
follows:

𝐸𝑎(𝑇2 −𝑇1 )
RT1 T2

𝑡

= ln 𝑡 1

Eq. (2.6)

2

where:
t1, t2 = time required for given kills,
T1, T2 = temperature corresponding to t1, t2 in Kelvin,
R = gas constant, 8.314 J/mol.k and
Ea = activation energy related to pH (J/mol).
It was reported by (Roques 1996; Hass et al., 1996) that increasing the temperature
results in a more rapid kill of bacteria. Junli et al., (1997) studied the effect of
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temperature rise (5 – 32 0C) on disinfection efficiency of chlorine dioxide and free
chlorine. The results showed that at low temperature, if a temperature increase by 10
0

C in a certain range, it will double bacteria death rate for both chlorine dioxide and

free chlorine at pH ranges 5 to 10 .

Figure 2.1 :Distribution of HOCl and OCl- as a function of pH

2.5 Chlorine residual monitoring and determination
Whenever chlorine is used for disinfection, the residual chlorine should be monitored
at least daily. Samples should be taken at various locations throughout the water
distribution system, including the most remote point of the system. When chlorine
compounds were introduced as means of water disinfection, many methods for testing
residual chlorine were established, the most known of these are:
2.5.1 Iodometric method
It was the first established method for measuring total residual chlorine (free chlorine
and chloramines), but it cannot distinguish between free chlorine and combined
chlorine. The principle of this method is based upon the phenomenon of the release of
elemental iodine, which is quantitatively proportional to the chlorine residual present.
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The liberated iodine (from KI solution) is titrated with a standard solution of sodium
thiosulfate (NaS2O3) using starch as indicator at pH 3 to 4.
Cl2 + 2I
I2 +starch

I2 + 2Cl-

Eq. (2.7)

blue color (qualitative test)

I2 + 2Na2S2O3

S4O6-- +2NaI

Eq. (2.8)
Eq. (2.9)

The minimum detectable concentration by this method is approximately 40 μg Cl as
Cl2 if 0.01 M Na2S2O3 is used with 1000 ml sample. Concentrations below 1 ppm
cannot be determined accurately by this method. Since this method depends on the
oxidizing power of free and combined chlorine residuals, the presence of oxidizable
forms of manganese, nitrites and organic sulfides may make interferences (White,
1999; Roques, 1996; Eaton et al., 1995).
2.5.2 Amperometric titration method
This method also used for the determination of total residual Chlorine, and it can
differentiate between free and combined chlorine residuals. Phenylarsine oxide
(C6H5)AsO, reducing agent) used as the titrating gent; it reacts with free chlorine
residuals at pH of 6.5 to 7.5, a range in which combined chlorine reacts slowly. This
pH range is used since at higher pH values the reaction becomes sluggish; The
combined chlorine, in turn titrates in the presence of a proper amount of KI in the pH
range of 3.5 to 4.5; A special amperometric cell is used to detect the end point of the
residual chlorine, phenylarsine oxide titration. The cell consists of a nonpolarizable
reference electrode that is immersed in a salt solution and a readily polarizable
noblemetal electrode that is in contact with both salt solution and the sample being
titrated. This method can measure chlorine residuals over 2 ppm by analyzing small
samples (Eaton et al., 1995 ; Morrow., 1996 and White, 1999;).

2.5.3 N,N-diethyl-p-phenylenediamine (DPD) methods
This method is capable of distinguishing between free and combined chlorine
residuals. Its principle is similar to that of the amperometric method. When N,Ndiethyl-p phenylenediamine (DPD) indicator is added to the sample containing free
chlorine residual, an instantaneous reaction occurs producing red color. If a small
amount of iodine is then added, monochloramine reacts to produce iodide that in turn
oxidize more DPD to form additional red color. Excess addition of iodide
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dichloramines reacts to form more red color. By measuring the intensity of the red
color produced in the pH range of 6.2 to 6.5 after each of the three steps outlined
above, free chlorine, monochloramines and dichloramines residuals can be
determined. The intensity of the red color produced can be determined by two ways:


Titration with ferrous ammonium sulfate until the red color disappears; the
minimum detectable concentration is approximately 18 ppb Cl as Cl2



B) Measuring absorbance at wavelength of 515 nm, the minimum detectable
concentration is approximately 10 ppb Cl as Cl2. The most significant interfere
is manganese (Cooper et al., 1982; Eaton et al.,1995 and White, 1999)

2.6 Fate of chlorine in distribution systems
It has become generally accepted that water quality can be deteriorated in a
distribution system through microbiological and chemical reactions in the bulk phase
and/or at the pipe wall. The most serious aspect of water quality deterioration in a
network is the loss of the disinfectant residual that can weaken the barrier against
microbial contamination. Studies have suggested that one factor contributing to the
loss of disinfectant residuals is the reaction between bulk phase disinfectants and pipe
wall material. Free chlorine loss in corroded metal and PVC pipes, subject to changes
in velocity, was assessed during an experiment conducted under controlled conditions
in a specially constructed pipe loop located at the US Environmental Protection
Agency’s (EPA’s) Test and Evaluation (T&E) Facility in Cincinnati, Ohio (USA).
These studies demonstrated that in older unlined metal pipes, the loss of chlorine
residual increases with velocity but that wall demand in PVC was negligible (Clark.
2011). Free chlorine consumption in distribution systems is due to chemical reactions
occurring in the bulk phase (Bulk decay) and at the pipe walls (Wall decay). This has
led some researchers to study wall and bulk decay separately. The simplest method is
to define the overall decay constant as the sum of bulk and wall decay constants

k = Kb + kw

Eq. (2.10)
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2.6.1 Bulk Chlorine Decay
Bulk chlorine decay (which represented by decay rate constant kb) is estimated by
measuring chlorine concentration at different times from glass bottles that have been
previously filled with the chlorinated sample. The exact procedure varies but, it is
often referred to as bottle or jar test. In order to describe the behavior of bulk chlorine
decay, must be understand the Bulk Flow Reactions.


Bulk Flow Reactions

While a substance moves down a pipe or resides in storage, it can undergo reaction
with constituents in the water column. The rate of reaction can generally be described
as a power function of concentration:
r = kCn

Eq. (2.11)

Where: k = Reaction constant, and n = Reaction order.
When a limiting concentration exists on the ultimate growth or loss of a substance, the
rate expression becomes:
For (n > 0, Kb > 0):
Eq. (2.12)
For (n > 0, Kb < 0):
Eq. (2.13)
Where:

= Limiting concentration

Some examples of different reaction rate expressions are given as below:
- Simple 1st-Order Decay
(

= 0,

< 0, n = 1)
R =Kb C

Eq. (2.14)

The decay of many substances, such as chlorine, can be modeled adequately as a
simple first-order reaction
- First-Order Saturation Growth
(

> 0,

> 0, n = 1)
R =Kb (CL – C )

Eq. (2.15)

19

This model can be applied to the growth of disinfection by-products, such as
trihalomethanes, where the ultimate formation of by-product (CL) is limited by the
amount of reactive precursor present.
- Two-Component, 2nd-Order Decay
(

¹ 0,

< 0, n = 2)
R =Kb C (CL – C)

Eq. (2.16)

This model assumes that substance A reacts with substance B in some unknown ratio
to produce a product P. The rate of disappearance of A is proportional to the product
of A and B remaining.

can be either positive or negative, depending on whether

either component A or B is in excess, respectively. Clark (1998) has had success in
applying this model to chlorine decay data that did not conform to the simple firstorder model.
- Michaelis-Menton Decay Kinetics
)

> 0,

< 0, n < 0(

Note: These expressions apply only for values of
Menton kinetics.

and

used with Michaelis-

R=

Eq. (2.17)

As a special case, when a negative reaction order n is specified, Bentley WaterCAD
V8 XM Edition will utilize the Michaelis-Menton rate equation, as shown above for a
decay reaction. (For growth reactions the denominator becomes (

+ C.) This rate

equation is often used to describe enzyme-catalyzed reactions and microbial growth.
It produces first-order behavior at low concentrations and zero-order behavior at
higher concentrations. Note that for decay reactions,

must be set higher than the

initial concentration present.
Koechling, (1998) has applied Michaelis-Menton kinetics to model chlorine decay in
a number of different waters and found that both

and

could be related to the

water's organic content and its ultraviolet absorbance as follows:
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= -0.32UVA1365

Eq. (2.18)

CL = 4.98UVA - 1.91D0C

Eq. (2.19)

where UVA = ultraviolet absorbance at 254 nm (1/cm) and DOC = dissolved organic
carbon concentration (mg/L).
(

Zero-Order Growth
= 0,

= 1, n = 0)

R = 1.0
This special case can be used to model water age, where with each unit of time the
concentration (i.e., age) increases by one unit; The relationship between the bulk rate
constant seen at one temperature (T1) to that at another temperature (T2) is often
expressed using a van't Hoff-Arrehnius equation of the form:
Kb2 = Kb1 θT2-T1
Where:

Eq. (2.20)

= Constant,

In one investigation for chlorine,

was estimated to be 1.1 when T1 was 20C0

(Koechling, 1998).In order to describe the behavior of bulk chlorine decay, many
models developed. The simplest one as reported by Powell et al. (2000); Kiene et al.
(1998), Vasconcelos et al. (1997), Rossman et al. (1994) and Zhang et al. (1992).

2.6.2 Wall chlorine decay
material such as corrosion products or biofilm that are on or close to the wall While
flowing through pipes, dissolved substances can be transported to the pipe wall and
react with. The amount of wall area available for reaction and the rate of mass transfer
between the bulk fluid and the wall will also influence the overall rate of this reaction.
The surface area per unit volume, which for a pipe equals 2 divided by the radius,
determines the former factor. The latter factor can be represented by a mass transfer
coefficient whose value depends on the molecular diffusivity of the reactive species
and on the Reynolds number of the flow (Rossman et. al., 1994).
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Several proposed models to stimulate wall decay in pipes and distribution networks.
Hunt al., (1988), Biswas and clark., (1993). proposed a first order reaction kinetics for
the decay of chlorinated water flowing through a pipe. The main factors affecting
chlorine pipe decay are, pipe diameter, hydrodynamic conditions and the pipe
material (Kiene et al., 1998).

2.6.3 Effects of pipe type and age on wall chemical reactions
There has been extensive research on the effects of the pipe wall on chemical
reactions. Specifically, researchers have been interested in the effects that a pipe wall
has on the depletion of chlorine residual. In order to better understand the effects that
different pipe material and age have on chlorine first-order wall decay constants Al
Jasser (2006) conducted a study that involved three hundred and two pipes varying in
age, size, and material. The different materials used were: cast iron, steel, asbestos
cement, cement-lined cast iron (ClCI), cement-lined ductile iron (ClDI), polyvinyl
chloride (PVC), unplasticized polyvinyl chloride (UPVC), and polyethylene.
Additionally, the pipe ages ranged from new to fifty years, and the pipe diameters
ranged from a half an inch to twelve inches. Water containing a chlorine
concentration of 2 mg/l was exposed to the different pipes. Sampling for chlorine
residual took place until the concentration was approximately ten percent of the initial
concentration. The bulk reaction rate constant, kb, was determined experimentally
using a clean flask and was on average 0.28 day-1 with a standard deviation of 0.021
day-1. The wall reaction constant, kw, observed during the experiment ranged from
0.11 to 112 day-1. This wide range is a result of the varying age, size, and
composition of the sample pipes. Al Jasser (2006) made an interesting hypothesis that
the layer of biofilm and tubercles can actually prevent some chlorine decay because
the reactive surface of the pipe is buffered from the bulk water. In order to test this
hypothesis, the biofilm and tubercle layers were removed from several pipes to see if
the wall reaction constant would change. This method actually showed that the wall
chlorine decay constant increased and decreased depending on the pipe material and
age. For medium age steel and cast iron pipes (approximately 18 years old) the
removal of the layer caused a decrease in the wall reaction constant of about 7% and
12% respectively. This indicated that the biofilm and tubercle layer was actually a
more reactive surface than the bare pipe wall. Conversely, removing the layer from
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old pipes increased the wall reaction constant by 15% for steel pipes and 18% for cast
iron pipes. This indicated that the biofilm and tubercle layer was less of a reactive
surface and buffered the more reactive pipe wall from the bulk water. The decrease in
the chlorine decay constant for the less aged pipes indicated that the layer was
consuming chlorine more than protecting the pipe wall, whereas the increase in the
constant for the more aged pipes showed that the layer was providing protection more
than consuming chlorine. These results do provide some insight into the role biofilm
and tubercle layers have on chlorine consumption, but further research must be
conducted in order to reach a plausible conclusion. The main conclusions drawn from
this study are that the pipe service age has a significant impact on the chlorine wall
reaction rate and that the wall reaction rate will govern chlorine decay when the bulk
reaction rate is less prominent( Al-Jasser, 2006).

2.7 Modeling of water distribution system using WaterCAD
2.7.1 WaterCAD V8 XM
From Bentley Systems, WaterCAD is an easy-to-use program that helps to design and
analyze complex pressurized piping systems. WaterCAD’s powerful graphical
interface (both in Stand-Alone and AutoCAD mode) makes it easy to quickly lay out
a complex network of pipes, tanks, pumps, and more.
WaterCAD used to:
1. Perform steady-state analyses of water distribution systems with pumps, tanks,
and control valves.
2. Perform extended period simulations to analyze the piping system's response
to varying supply and demand schedules.
3. Perform water quality simulations to determine the water source and age, or
track the growth or decay of a chemical constituent throughout the network.
4. Perform Fire Flow Analyses on system to determine how the system will
behave under extreme conditions.
5. Create multiple sets of hydraulic, physical property, operational, initial setting,
fire flow, cost, and water quality alternatives.
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6. Create and run any number of scenarios by mixing and matching alternatives,
then view and compare the results quickly and easily with WaterCAD's
flexible scenario management feature.
7. Calibrate the model manually or with the assistance of the Darwin Calibrator,
which utilizes the power of Genetic Algorithms.
8. Link to GIS data using Shapefile and Database connections
WaterCAD provide intuitive solution to complex hydraulic problems and other
capabilities which includes:
1. Perform steady state, extended period and water quality simulations.
2. Reduce time wasted on preparing bill of quantities, thus it helps civil engineer
to estimate construction costs.
3. Help to analyze multiple time-variable demands at any junction node.
4. Provides solutions to model flow valves, pressure reducing valves, pressure
sustaining valves, pressure breaking valves and throttle control valves.
5. Able to track conservative and non-conservative chemical constituents present
in water.
6. Stimulate the operating cycles of constant or variable speed pumps and in turn
estimate the cost of pumping over any time period.
Though, WaterCAD is primarily used for modeling and analysis of water distribution
systems but emphasis is on water distribution systems but the methodology is
applicable to any fluid systems with following features steady or slowly changing
turbulent flow, incompressible – newtonian single phase fluid, full – closed conduits
(pressure system). The examples of systems with these features includes potable water
systems, sewage force mains, fire protection systems, well pumps and raw water
pumping.

24

Chapter Three

Materials and Methods

25

Chapter Three: Materials and Methods

3.1 Introduction
In order to fulfill the objectives of this study and answer the research questions, this
chapter gives details of the laboratory and field works done within the scope of the
study. Sampling collection and handling, equipments, experimental procedures, and
measured parameters (chlorine residual, Total Coliform, Fecal Coliform) are
presented in details in the following sections, Samples were collected and analyzed
according to the APHA, 1992 standard methods. Hydraulic and water quality model
data entry parameters and setup for El-Briage water supply network and model
calibration methodology are delineated below.

3.2 Laboratory Approach
3.2.1 Samples transportation and storage
Water samples were taken from different sources such as groundwater wells
municipal tanks, desalination plant and distribution networks. For microbiological
analysis, water samples were collected in 250 ml glass bottles. During the sampling,
the bottles were filled without passing air bubbles through the sample. All glassware
used for bacteriological testing were thoroughly cleaned using a suitable detergent
and hot water. The glassware were rinsed with hot water to remove all traces of
residual from the detergent and finally rinsed with distilled water and ultra-pure
water. Sample bottles and glassware were sterilized by autoclaving at 121°C for 15
minutes. Prior to sterilization, enough sodium thiosulfate solution (10%) were placed
in clean sample containers to produce a concentration of 100 mg/L in the sample. For
a 250 ml sample bottle, 0.2 ml is usually sufficient. The autoclaving process used
pressure (15 psig) for sterilization. The caps or stoppers of glassware sterilized in
autoclave were partially loosened to prevent pressure buildup inside the containers.
Once collected, samples were carefully stored in the dark at 4 °C in an ice box
container and carried out to the laboratory for analytical procedures to be analyzed
within 6 hours at maximum.
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3.2.2 Methods of Analysis
3.2.2.1 Total Coliform
Total coliform bacteria are commonly found in the environment and are generally
harmless. If only total coliform bacteria are detected in drinking water, the source is
probably environmental, and fecal contamination is not likely. If environmental
contamination can enter the system, however, that suggests there may be a way for
pathogens to enter the system. Total Coliform do not necessarily indicate recent water
contamination by fecal waste, however the presence or absence of these bacteria in
treated water is often used to determine whether water disinfection is working
properly. Therefore it is important to determine the source and resolve the problem.
The time from sample collection to initiation of analysis may not exceed 30 hours.
Systems are encouraged but not required to hold samples below 10 °C during transit.
The membrane filtration method is selected to determine the total coliforms in the
collected water samples. This method commonly used when large numbers of water
samples are routinely analyzed and when the quantity of bacteria is very small as in
drinking water. It consists of; pouring the measured volume of water through the filter
membrane (pore size of 0.45μm) to retain the bacteria present then placing the filter
paper on a growth medium (m-Endo) in a culture dish (Figure 3.1). The petri dish
containing the filter and pad is incubated, upside down, for 24 hours at the 35 ± 0.5
°C. This technique assumes that each bacterium retained by the filter paper grows and
form a small colony. Counting the number of typical colonies and expressing this
value in terms of number per 100 ml of water determine the number of bacteria
present in a filtered sample (Dutka, 1981; Viessman et al., 1993; and Eaton et al.,
1995).

Figure 3.1 : Membrane Filtration Method Process.
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3.2.2.2 Fecal Coliform
Fecal coliform bacteria are a group of bacteria that are passed through the fecal
excrement of humans, livestock and wildlife. A specific subgroup of this collection is
the fecal coliform bacteria, the most common member being Eschericia coli. These
organisms may be separated from the total coliform group by their ability to grow at
elevated temperatures and are associated only with the fecal material of warm blooded
animals. Bacteria reproduce rapidly if conditions are right for growth. Most bacteria
grow best in dark, warm, moist environments with food. Some bacteria form colonies
as they multiply which may grow large enough to be seen. By growing and counting
colonies of fecal coliform bacteria from a sample of water, it can be determined
approximately how many bacteria were originally present. Fecal coliform bacteria
indicate the presence of sewage contamination of a waterway and the possible
presence of other pathogenic organisms. Membrane filtration is the method of choice
for the analysis of fecal coliforms in water.
Sample volumes of 100 ml were used for the water testing, with the goal of achieving
a final desirable colony density not more than 20 - 60 colonies/filter. Contaminated
sources may require dilution to achieve a "countable" membrane but in case of
drinking water it suspected there is no need for dilution. A 100 ml volume of a water
sample is drawn through a membrane filter (45 μm pore size) through the use of a
vacuum pump. The filter is placed on a Petri dish containing M-FC agar and
incubated for 24 hours at 44.50 0C. This elevated temperature heat shocks non-fecal
bacteria and suppresses their growth. As the fecal coliform colonies grow they
produce an acid (through fermenting lactose) that reacts with the aniline dye in the
agar thus giving the colonies their blue color, while non-fecal coliform colonies will
appear gray or cream colored, as shown in (Figure 3.2).
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Figure 3.2 : Shape and color of fecal coliform colonies

3.2.2.3 Chlorine test
The N,N-diethyl-p-phenylenediamine (DPD) method was used to determine free
chlorine in drinking water. All glassware used in sampling and testing were treated to
remove any chlorine demand. All glassware were soaked with a dilute solution of
chlorine bleach prepared by adding 1 mL commercial bleach to 1 liter of water. After
soaking, the glassware were rinsed thoroughly several times with distilled water and
allowed to dry before use. In this method, Chlorine-containing samples are reacted
with N, N-diethyl-p-phenylenediamine sulfate in the presence of a suitable buffer.
The indicator and buffer are added in a combined powder form, and react with
chlorine to produce a pink color. This compound is measured at 520 nanometers,
using an spectrophotometer.

3.3 Filed Work
3.3.1 Field Visits
In order to conduct the field work, the study area was divided to six subareas
(municipalities) which are Dier El-Balah, El-Magaze, El-Nusirat, EL-Zwaida, ELBriage and El-Mosadar. Water samples for microbiological analyses were collected
from these municipalities for the assessment purposes. Since, this study aims to assess
the level of chlorination efficiency ; to improve this system of drinking water a
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computer software was build. For building the water distribution network computer
modeling, El-Briage area was selected as a demonstration example for utilizing
computer software for improvement of the chlorination efficiency in water networks.
Prior to build up the hydraulic and water quality model, the drinking water system
(source of water - the main tanks – pumping and traction lines - the distribution
network) was studied in Al- Briage area and the methods for drinking water
disinfection by chlorine.

3.3.2 Selection of sampling points
Water sampling points from drinking water distribution network were selected in the
middle governorate based on zoning in each municipality and the number of
population served (by reference to the distribution maps in the municipality) so that
each area is covered in the municipality. The samples were collected from network
according to the following criteria:


Samples from the sources (groundwater wells) and networks.



Sample was taken before and after the disinfection process at the source.



Re-sampling in the event of contaminated samples.

The samples number and its distribution at each municipality describe as follows :
1- Dier El Balah municipality: Twenty six samples were collected and analyzed.
The number of samples was divided as follows:


Eleven samples from wells.



One sample from desalination planet.



Fourteen samples from drinking water network.

2- El Magaze municipality: Nine samples are divided as follows:

Two samples from wells.



One sample from main storage tank.



Six samples from drinking water network.

3- El Nusirat municipality: Twenty three samples are divided as follows:

Ten samples from groundwater wells.



Thirteen samples from drinking water network.

4- EL Zwaida municipality: Nine samples are divided as follows:

Two samples from groundwater wells.



Seven samples from drinking water network.
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5- EL Briage municipality: Sixteen samples are divided as follows:

Six samples from groundwater wells.



One sample from desalination planet.



One sample from main storage tank.



Eight samples from drinking water network.

6- EL Mosadar municipality: Six samples are divided as follows:


One sample from groundwater wells.



One sample from main storage tank.



Four samples from drinking water network.

.

3.4 Chlorination processes and monitoring
liquid chlorine (NaOCl) is added by Dosing pump to groundwater pumped from the
wells before distribution it in the water network .The N ,N-diethyl-pphenylenediamine (DPD) method was used to determine free chlorine in drinking
water. Free chlorine values were monitored in the middle Governorate depending on
zoning areas. In each municipality, free chlorine have been checked at the drinking
water source and at the end of the water network to make sure that the end part of the
network contains free chlorine.
The number of check points for free chlorine determination were divided as follows
1- Dier El Balah municipality: Twenty six points
2- El Magaze municipality: Nine points
3- El Nusirat municipality: Twenty three points
4- EL Zwaida municipality: Nine points
5- EL Briage municipality: Nineteen points
6- EL Mosadar municipality: Six points

3.5 Modeling approach
WaterCAD program was used as a water quality modeling solution for water
distribution system.

It

features

advanced interoperability, model building,

optimization, and asset management tools. Users of this program can use its built-in
water-quality features to perform constituent, water-age, tank-mixing and source-trace
analysis to develop comprehensive chlorination schedules, simulate mock
contamination events, model flow-paced and mass-booster stations, and visualize
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zones of influence for every water source. In this study and after hydraulic model
calibration, the built-in water quality features was utilized for assessing and
improvement of chlorination process.
3.5.1 Background
EL Briage camp is a comparatively small refugee camp located in the middle zone
Governorate of the Gaza Strip east of the Salah al-Din Road. The camp is near
Maghazi and Nuseirat refugee camps and is bounded on the north by Wadi Gaza (a
natural boundary to the north, followed by Gaza City, about 9 kilometers) and is
bounded on the west by EL Nusirat refugee camp, on the south by EL Magaze refugee
camp and on the east by the armistice line. The total area of EL Briage camp is about
(22 km2) and has a population of 43,000 inhabitants.
3.5.2 Water supply
The main water resource in EL Briage camp is groundwater. The municipality of EL
Briage has five groundwater wells to supply their community. These wells can't
provide sufficient water of acceptable quantity and quality so the water brought in
through makarot (Israel water Company) to increase the water quantity and improve
the quality and also from the desalination plant which stands on one groundwater well
to improve the water quality.
3.5.3 Water treatment
Two types of drinking water treatment are applied in EL Briage Camp: one is the
disinfection by chlorine in order to improve the bacteriological quality and the other is
the desalination by reverse osmosis to improve the chemical quality.
3.5.4 Water metering system
3.5.4.1 Groundwater metering system
All groundwater wells in EL Briage Camp are provided by meter system in order to
quantify the water quantity delivered by each well for every month. The value of
water quantity delivered was used to estimate the water consumption by each zone of
the area.
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3.5.4.2 Distribution metering system
No metering system exist in the distribution network mains. The system of metering is
essential for calculation of water consumption at each district of the area and for
estimation of water losses and maintenance and rehabilitation of the network.

3.5.4.3 House connection metering system
To calculate the water consumption for single household it is essential to provide the
houses by metering system. Unfortunately most of the houses in the area are not
provided by such system. Also even the houses provided by metering system, the
meters is not working properly or the house owner use water before the meter entry.
The water readers during his monthly routine work where the meters are not
functioning wells, write an estimated reading according to previous readings.
Accordingly, calculation of water demand at each node is difficult to measure and
estimation was used for the purpose of water demand according to the number of
population served through each node.

3.5.5 Water demand
Demands are not physically in the network like nodes or pipes. They are inputs
because they are the driving force behind the hydraulic dynamics occurring in water
distribution systems. No accurate data on daily and hourly water demand in EL Briage
Camp are available from previous studies, so determination of the actual water
demand per capita and also hourly water demand pattern is needed. The municipality
makes a number of measurements, such as those at customer meters for billing and at
wells for production monitoring, but the data are usually not compiled on the nodeby-node basis needed for modeling. Some data, such as billing and production
records, were collected from the municipality but they are not in a form that can be
directly entered into the model. The most common and a simple unit loading method
of allocating water demand is the base demands which is used in this study. Base
demands include both customer demands and unaccounted-for-water (UFW). The
average day demand in the current year is the base and from which other demand
distributions can be built. The junction-averaged system-wide value was used due to
the lack of individual nodal demand values, depending on municipality records for the
number of population served, quantity of water pumped through each water source
and the operational schedules. The amount of leakage varies depending on the system,
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but there is a general correlation between the age of a system and the amount of
UFW. The amount of leakage as gathered from municipality is entered as a factor
added to the total amount of water demand.

3.5.6 Development of the hydraulic model
To develop a model to predict the changes in residual chlorine in the distribution
system, there are two steps should be carried out which are a well calibrated hydraulic
model and a well monitored water quality model. So, it is crucial to know the details
of the network layout and hydraulics before taking any step into quality modeling.
Within the scope of this study, the system hydraulic model WaterCAD was set up
with all of the pipe and junction data. Pipe and junction data was obtained from water
department of El-Briage Municipality. No demand pattern data was available except a
system-wide average daily consumption. The junction-averaged system-wide value
was used due to the lack of individual nodal demand values, depending on
municipality records for the number of population served, quantity of water pumped
through each water source and the operational schedules. The hourly demand
fluctuation pattern was adapted from previous studies which was conducted for the
municipality of Dier El-Balah, where peak demand was set through (10 A.M – 12
P.M) while the produced water was set according to pumping operator’s schedule.
A model is a representation of reality, like a map. In a water distribution system, the
reality is a model of a network formed by pipes, nodes, demands, pumps, valves,
tanks and reservoirs. The hydraulic model was created in WaterCAD software but did
not include all pipes down to 110 mm in diameter. Physical elements were
incorporated into the model using the GIS, record drawings, and facility worksheets.
These elements include: pumps, control valves, tanks, reservoirs, junctions, and pipes.
The model construction process was completed by adding the necessary elevations,
demands, and controls to the model. After the GIS data were verified and compiled,
the GIS files were imported into the model import tool included with the software
package. Data attributes, such as pipe and junction ID, pipe diameter, and material
were included in the data import process. Elevations were automatically assigned to
the model. Once the basic data was imported into the model, the network connectivity
was examined and verified.
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3.5.7 Development of the water quality model
Wall chlorine decay coefficients were obtained from literature depends on pipes type,
pipes diameters and pipes ages. Source quality (chlorine) was set to (1.0) mg/l as field
measurements. Bulk chlorine decay coefficient values were determined practically in
laboratory batch experiments as described below.

3.5.7.1 Chlorine decay kinetics
In order to achieve a balance between a chlorine dose and bacteriological quality of
water, it is necessary to understand the mechanism of chlorine decay in water
distribution systems and the factors affecting it. Bulk decay was isolated from wall
decay by carrying out chlorine decay experiments on the source water in laboratory.
Chlorine disappears due to its reactions with compounds present in water. In water
distribution system, chlorine also reacts with the pipe wall. Therefore, the total decay
constant (k) is often expressed by the decay due to the chlorine demand of the pipe
(known as the wall decay constant (kw) and the decay due to the quality of water itself
(known as the bulk decay constant (kb). Based on past studies (John, et al. 1997 ;
Tomohiro, et al. 2003) first-order decay model was used as reaction kinetic model for
chlorine in the bulk liquid, and zero-order decay model was used as wall reaction
kinetic model.

dC/dt = kb C + 4 kw / d

Eq (3.1)

C: Free chlorine concentration (mg/l)
kb : First-order bulk decay coefficient (1/day)
kw : Zero-order wall reaction decay coefficient (mg/m2/day)
d : Pipe diameter (mm)

3.5.7.2 Bulk chlorine decay determination
There is no standard procedure for measuring bulk chlorine decay. Hence, the
following procedure which was adopted by Powell et al. (2000) as followed: All
glassware was treated so that they were chlorine demand free in which, freshly
cleaned glassware was filled with distilled water that had been dosed to 10 mg/l free
chlorine using concentrated sodium hypochlorite solution, and left to stand for 24
hours. Then the glassware was emptied, rinsed thoroughly with distilled water, and
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left to dry. A 2.5 liter Winchester bottle was filled with the sample and left for 15
minutes to ensure homogeneity. The sample then decanted into 125 ml brown glass
bottles and sealed with glass stoppers. However, all bottles were placed in a water
bath set at the required temperature, and chlorine concentration from one of the 125
ml bottles was measured via DPD spectrophotometer method and the time noted as
the start time. After that, Chlorine concentration measured at intervals from the
remaining bottles in the same manner. Finally, results prepared into a spreadsheet, and
decay constants then calculated according to first-order reaction kinetics.

3.5.8 Run and Calibration Model
After the collection and treated of the data required to be able to build up and run the
hydraulic model there is an important step was conducted to match between
computer-predicted behavior and actual field performance of a water distribution
system. The hydraulic simulation software simply solves the equations of continuity
and energy using the supplied data; thus, the quality of the data will dictate the quality
of the results. The accuracy of a hydraulic model depends on how well it has been
calibrated, so a calibration analysis was performed before the model is used for
improvement of the existing situation. The process of calibration included changing
system demands, fine-tuning the roughness of pipes, altering pump operating
characteristics, and adjusting other model attributes that affect simulation results.
Three pressure gages were installed in the system, since there is no pressure gages at
the distribution network are exist. Pressures were measured throughout the water
distribution system at the three nodes where the pressure gages were installed to
collect data for use in model calibration. After the hydraulic model was calibrated the
water quality model for chlorine propagation in the water distribution network was
built. For wall reaction decay, it might be considered depends on actual pipe wall
condition, temperature and lining material. Then kw was set as predicted
concentration fit together observed concentration by trail and error, assuming same
kw for all pipes in the area. So, the model was calibrated by changing the wall decay
coefficients only since the bulk decay coefficients were gathered through laboratory
experiment and the initial concentrations of chlorine at the sources were measured in
the field.
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3.5.9 Disinfection Management Scenarios
Two scenarios has been added to the the present situation scenario ((main scenario)).
In the present situation, there are three sources of free chlorine in the El-Briage
network from wells and Mekarot water. The value of free chlorine fluctuated between
0.0 mg/l - 0. 2mg/l; and dosing pump of liquid chlorine concentration (NaOCl) is 0.3
mg/l at well ((S-86)) and well maqbula.
In the second scenario, dosing pumps of liquid chlorine (NaOCl) of 0.8 mg/l
concentration have been added to remining wells which don't contain any disinfection
process. Therefore, all the sources of water (s86 well, maqbula well, abo meddin well,
s72 well, el farouq well and Mekarot water) have chlorination system.
In the third scenario, well P-119 which is located outside the EL Briage municipal
boundaries was added to the network with chlorination system. well P119 is the only
source of drinking water is located at the western side in EL Briage municipality
where all the other sources of water are located at the eastern. This well is add to the
network at the sampling point P-2 to provide zone 1 with water. Figure (3.3) shows
the sites of sampling points at each distribution zone and the sources of free chlorine
in the network which are Mekarot, well P119, well S86 and well maqbula. The
amount of free chlorine is injected at evry well of them is 0.8 mg/l.

Figure. 3.3: An aerial photograph of EL Briage camp described the sites of
sampling points and distribution zone.
37

Chapter Four

Results and Discussion

38

Chapter Four :Results and Discussion

The results of this study are discussed through divided into two parts the first is
Bacteriological Water Quality and Disinfection Process and second is Case Study EL Briage Camp .

A-Bacteriological Water Quality and Disinfection Process
4.1 Distribution of Water Samples of the Study Area
The primary goal of this chapter is to assess the contamination level by Total and
Fecal Coliforms in groundwater wells, distribution networks, storage water tanks and
desalination plants in middle Governorate of the Gaza Strip and to study the
availability of free chlorine in the networks and their association of microbiological
contamination of drinking water. To achieve the above objective, 92 samples were
collected and analyzed from the drinking water system (groundwater wells,
distribution networks, storage water tanks and desalination plants) in the middle
governorate of the Gaza Strip. 28% of the samples were collected from Dier El Balah,
28% from El Nusirat, 17% from EL Briage, 10% from El Magaze, 10% from EL
Zwaida, and 7% from EL Mosdar area. The samples consist of 60% of the networks,
36% of groundwater wells, 2% storage water tanks, and 2% of desalination plants.
The selected samples were collected from fixed sampling points in the network
representing the whole entire area of these municipalities as illustrated in Table (4.1) .
Several relevant parameters including, Total Coliform, Fecal Coliform and free
chlorine were analyzed to assess the water quality at this area. The table and figure
below show the distribution of collected samples in the study area.

39

Table 4.1: Distribution of Collected Samples in Middle Governorate
Sample source
Area

Total samples

Distribution
Network

Groundwater
Well

Storage

Desalination

Tank

Plant

Dier El Balah

14

11

0

El Magaze

7

2

El Nusirat

14

EL Briage

No.

%

1

26

28

0

0

9

10

12

0

0

26

28

8

6

1

1

16

17

EL Mosdar

4

1

1

0

6

7

EL Zwaida

8

1

0

0

9

10

Total No.

55

33

2

2

92

Total %

60%

36%

2%

2%

100%

4.2 Assessment of microbial contamination
4.2.1 Microbial contamination by municipality
The objective of any water distribution system is to provide water to the consumer in
the proper quantity and pressure but also in the proper quality in terms of flavor, odor,
appearance and sanitary security. Consequently each municipality has to maintain a
very good water quality in the whole distribution system. This goal is not easily
obtainable due to the geometric complexity of the network, the complexity of the
network connections, the temporal and spatial variations on the water demand and the
reactions between the water and the internal wall of the pipes. The contamination by
Total and Fecal Coliform percentages in water samples collected from drinking water
distribution system in the middle governorate in the Gaza Strip are summarized in
Table (4.2) and Figure (4.1).
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Table (4.2): Percentage of microbial contamination in different municipalities
Municipality
Dier El Balah
El Magaze
El Nusirat
EL Zwaida
EL Briage
EL Mosdar

No. samples

T.C%

F.C%

26
9
26

27%
0%
38%

12%
0%
23%

9
16
6

22%
19%
83%

0%
6%
67%

90%

Contamination%

80%
70%
60%
50%
40%

T.C

30%

F.C

20%
10%
0%
Dier El
Balah

El
El
magaze Nusirat

EL
Zwaida

EL
Briage

EL
Mosdar

Figure 4.1: Total and Fecal Coliform contamination in water networks of municipalities
in the middle Governorate

As seen in Figure (4.2), the contamination percentages by Total and Fecal Coliform
varied between 0% and 83% throughout the six municipalities in middle governorate
in the Gaza Strip. The highest value of contamination was recorded in EL Mosdar
municipality (83%) and the lowest value (0%) was recorded in El Magaze
municipality. The presence of Total Coliform group in a water system should, be
supported by testing of Fecal Coliform, since the presence of Total Coliform may be
due to the colonization of a water system by non Fecal Klebsiella, Enterobacter or
Citrobacter sp. (Geldreich, 1986). Therefore Total C7oliform and Fecal Coliform
tests should be simultaneously applied for testing water samples in order to exclude
the contamination by environmental Coliforms. The Fecal coliform contamination
varied between 0% and 67%. The highest value of contamination was recorded in EL
Mosdar municipality (67%) and the lowest value (0%) was recorded in EL Zwaida
and El Magaze municipalities. This results indicate the water quality regards Fecal
coliforms contamination is not suitable for drinking purpose in most municipalities, so
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there is an urgent need for working to maintain free residual chlorine concentrations
at the end of the water distribution network in order to improve the efficiency of
disinfectant chlorine injection and bacteriological quality within the accepted limit. In
United States for example, all public drinking water systems are required to monitor
for Total and Fecal Coliform bacteria under the Total Coliform rule (USEPA, 1989).
The drinking water source and its delivery system (casing, pump, pipes and other
appurtenances) must be free of Fecal contamination from either surface (e.g. waste
infiltration) or subsurface (e.g. cesspools) source. Specially, the water must meet the
guideline criteria of microbiological quality (WHO, 1996).

4.2.2 Microbial contamination by sources
4.2.2.1 Total Coliform contamination by sources
Total Coliform is a good indicator for contamination of water because most enteric
bacteria pathogens die off very rapidly outside the human gut whereas indicator
bacteria such as E. coli will persist for periods of time (Ward et al., 1984). Table (4.3)
and Figure (4.2) summarize the levels of Total Coliform contamination in drinking
water distribution system of each municipality.

Table 4.3: Total Coliform contamination in municipalities by sources

Municipality

Total Coliform Contamination (T.C )
Groundwater
Distribution
Desalination Storage Tank
Well
Network
Plant
No.
samples

Dier El
Balah
El Magaze
El Nusirat
EL Zwaida
EL Briage
EL Mosdar

%

No.
samples

%

No.
samples

%

No.
samples

%

-1
0
2
0
2
0

9%
0%
16%
0%
33%
0%

5
0
8
2
1
4

36%
0%
57%

29%
13%
100%
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0
0
0
0
0
0

0%
---0%
--

0
0
0
0
0
1

0%
---100%

100%
90%
80%
70%
60%

Well

50%

Network

40%

Desalination

30%

Tank

20%
10%
0%
El
EL Zwaida EL Briage
Magaze

Dier El
Balah

El Nusirat

EL
Mosdar

Figure 4.2: Total Coliform contamination in municipalities by sources
The results show Total Coliform contamination (T.C) percentages in each
municipality was divided on the sources of sampling from the drinking water. The
highest contamination was in El Mosdar 83% where it was of drinking water samples
taken from the networks and tanks while there is no contaminated samples were
recorded in groundwater wells. Contamination percentage by Total Coliform in Dear
EL Balah drinking water samples was 27%, the highest contamination was in the
distribution network samples where it was 36% of total samples followed by 9% from
groundwater wells and no contamination in the samples collected from desalination
plant. Contamination percentage by Total Coliform in El Nusirat drinking water
samples was 38%, the highest contamination was in network samples where it was
57% of samples followed by groundwater wells samples where it was 16%.
Contamination percentage by Total Coliform in EL Zwaida drinking water samples
was 22%, all contamination samples were in distribution network samples (29%) and
no contamination in groundwater wells samples. Contamination percentage in EL
Briage by Total Coliform was 19%, these contamination was the highest in
groundwater wells samples where it was 33% of samples followed by distribution
network samples where it was 13% and there is no contamination in water
desalination plant and storage tank samples. No contamination have been detected in
all water sources at EL Magaze municipality.
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From previous findings, the majority of samples are contaminated by Total Coliform
and it was found in distribution networks and wrinkles reason for poor condition of
these networks. The major reasons of groundwater wells contamination by Total
Coliform are the well field is not sufficiently protected from contamination and
disinfection process by chlorination is applied to prevent bacterial growth in drinking
water distribution system only and no actions are done for well field or well casing.

4.2.2.2 Fecal Coliform Contamination (F.C ) by Sources
Fecal Coliform is a common indicator in vulnerable water systems; Table (4.4) and
Figure (4.3) summarize the levels of Fecal Coliform contamination in different
sources of drinking water distribution system in each municipality.
Table 4.4: Fecal Coliform contamination in municipalities by Sources
Fecal Coliform Contamination (F.C )
Municipality

Dier El
Balah
El Magaze
El Nusirat
EL Zwaida
EL Briage
EL Mosdar

Groundwater
Well
No.
samples

0
0
1
0
1
0

Distribution
Network

%

No.
samples

0%
0%
8%
0%
17%
0%

3
0
5
0
0
4
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Desalination
Plant

Storage Tank

%

No.
samples

%

No.
samples

%

21%
0%
36%
0%
0%
100%

0
0
0
0
0
0

0%
---0%
--

0
0
0
0
0
0

-0%
---0%

100%
90%
80%
70%
60%

Well

50%

Network

40%

Desalination

30%

Tank

20%
10%
0%
EL Zwaida El Magaze EL Briage

Dier El
Balah

El Nusirat EL Mosdar

Figure 4.3: Fecal Coliform contamination in municipalities by sources
The result above show Fecal Coliform contamination percentage in each municipality
was divided on the sources of sampling from the drinking water. The highest
contamination was in El Mosdar 67% where it was from drinking water samples taken
from the network while there is no contamination in groundwater wells and storage
tank samples. Contamination percentage by Fecal Coliform from Dear EL Balah was
12% of the samples collected from the distribution system which compromise 21% of
distribution network samples and there is no contamination in wells and desalination
samples. In El Nusirat, the contamination percentage by Fecal Coliform was 23%.
These contamination was the highest in network samples and it was 36% of the
samples followed by groundwater wells samples (8%). In EL Briage, the
contamination percentage by Fecal Coliform was 6%, the contamination percentage
of wells samples was 17% and there is no contamination in distribution network,
desalination plant and storage tank samples. There is no Fecal Coliform
contaminations are detected in EL Magaze and EL Zwaida of collected water
samples. The contamination of groundwater wells in these municipalities refer to the
wells located in agricultural areas and the field of these wells are not protected well
against contamination and some of them operated on an interment times without any
protection or disinfection system. The contamination by Fecal Coliform of
groundwater wells which are not properly protected is common in many areas in the
Gaza Strip according to the studies which were conducted by Abu daya et. al. (2013),
and Al-Safady and Al-Najar, (2011). In the study were conducted in Indonesia by
Geoffery et al. (1999) showed that most of the 130 tested groundwater wells were
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heavily contaminated with Fecal Coliform. In another study on the relationship
between land use and groundwater pollution in Argentina, Hectar et. al., (1998) have
reported that Fecal Coliform was detected in 60% of the 50 examined groundwater
wells that not well protected.
4.3 Assessment of disinfection process by free chlorine
The free chlorine values were monitored at the reference points (fixed points) were
selected from each municipality in the middle governorate and represented the whole
distribution system of them. These values were divided into two parts: the first value
is ≥ 0.2 mg/l which meets the guideline values of WHO, and the second values <0.2
mg/L (doesn’t meet the guideline values of WHO). Table (4.5) and Figure (4.4)
represent the percentage distribution of free chlorine in different municipalities.

Table (4.5): Free chlorine values in municipalities
Location

free Cl sample%

Dier El Balah
El Magaze
El Nusirat
EL Zwaida
EL Briage
EL Mosdar

Free Cl2 ≥ 0.2 mg/l

Free Cl2 < 0.2 mg/l

No samples

%

No samples

%

2

8%

24

92%

6

67%

3

33%

6

23%

20

77%

2

22%

7

88%

1

6%

15

94%

0

0%

6

100%

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

≥ 0.2mg/l
< 0.2mg/l

Location

Figure 4.4: Free chlorine values in municipalities
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The control of free residual chlorine concentrations in the water distribution network
is an essential task to ensure the safety of tap water against infectious
microorganisms. The result shows that the free chlorine values less than the WHO
recommended value (<0.2 mg/l) were detected in 33% of drinking water samples of
El Magaze, 88% of El Zwaida samples, 77% of El Nusirat samples, 92% of Dier El
Balah samples and the same percentage (94%) of El Briage, and 100% of Mosdar
samples. The result shows that samples applicable and meets the WHO recommended
values of Free chlorine (≥0.2 mg/l) were detected only in 8% of Dier El Balah
samples, 67% of El Magaze samples, 23% of El Nusirat samples, 22% of El Zwaida
samples, 6% of El Briage samples and 0% in El Mosdar samples.
From previous results it is clear that there is a problem in disinfection system process
by free chlorine was detected in the distribution system in most municipalities in the
middle governorate. The results showed that the values of free chlorine in these
municipalities are less than the allowed concentration recommended by the WHO in
most of the samples taken from the different municipalities and therefore the
disinfection process using free chlorine is considered not sufficient. Also the previous
data which were collected from ministry of health about these municipalities through
the daily monitor system for disinfection process confirms the result of this study. The
municipalities which have a regular disinfection and monitoring system of free
chlorine through the addition of sodium hypochlorite (10% solution), maintenance of
dozing pump of chlorine and pipes have the high percentage of chlorine residual in
their distribution networks. On the other hand, there are some municipalities did not
record any value for free chlorine within the WHO recommended value and also they
didn’t have a follow-up daily monitor system for disinfection process or virtually nonexistent.

4.3.1 Distribution of free chlorine percentage in networks and wells
Figure (4.5) shows the distribution of free chlorine percentage in the networks and
wells samples. The result shows that 63% of samples collected from drinking water
network contains free chlorine while only 45% of water samples collected from
groundwater wells after chlorination process contains free chlorine.
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Figure 4.5: Free Chlorine percentage in the networks and wells sample
The free chlorine in the distribution network samples is higher than wells samples that
due to several reasons, firstly, some wells don’t supply with dosing pumps of chlorine
or dosing pumps don't work properly or there is no chlorine solution is available at the
place, secondly, the water distribution network in the middle governorate is a loopy
system and contains multiple water sources so chlorine in the some parts of the
network sometimes comes from part of the network depends on the water demand
pattern and operation of wells and pressure in the pipes. Due to the above mentioned
reasons, free chlorine sometimes was detected in the network in the areas around the
wells while the dosing unit of chlorine is not available.

4.3.2 Relation between WHO value of free Cl2(%) and types of contaminations
The availability of free residual chlorine concentrations in all part of water
distribution network is a must to ensure the safety of tap water against infectious
microorganisms especially at the case of intermittent water supply and old pipes as
the case in the Gaza Strip. So it is important to study the relation between the residual
chlorine and the microbiological indicators (T.C and F.C) in order to recommend the
steps needed for the water supply providers and networks operators to improve the
water quality. Figure (4.6) show the relation between the water samples obey the
WHO recommended values of Free Cl2% and types of contaminations (Total and
Fecal coilforms) in the middle governorates municipalities.
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Figure 4.6 : Relation between WHO recommended value of Free Cl2% and
types of contaminations

In EL Zwaida municipality the presence of free chlorine percentage was 22% and
there was no contamination by Fecal Coliform while the contamination percentage by
Total Coliform was 22%. In EL Nusirat the presence of free chlorine percentage was
23% and the contamination percentage was 38 % by Total Coliform and 23% by
Fecal Coliform. In Dier El Balah the presence of free chlorine percentage was 8% and
the contamination percentage was 27% by Total Coliform and 12% by Fecal
Coliform. In EL Briage, the presence of free chlorine percentage was 6% and the
contamination percentage was 19% by Total Coliform and 6% by Fecal Coliform. In
EL Mosdar, the presence of chlorine percentage was zero and the contamination
percentage was higher than the other municipalities in middle governorate, the
contamination percentage was 83% by Total Coliform and 67% by Fecal Coliform. In
contrast, the highest presence of free chlorine was found in El Magaze municipality
where 67% of collected water samples have free chlorine within the recommended
values of WHO and the contamination percentage was zero.
To ensure if there is a significant statistical relationship between the free chlorine
values in drinking water distribution system and the contamination by Total and Fecal
Coliform a correlation statistical test was done. The nonparametric correlations
(Spearman rho.) was used to study the relationship between the degrees of the ratio of
free chlorine and contamination by Total and Fecal Coliform in drinking water
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distribution system in middle governorate in the Gaza strip as illustrated in the
following Table.
Table 4.6: Correlation between free chlorine values and contamination by Total
and Fecal Coliform
Dimension

Free chlorine

T. C

F.C

Free chlorine

1

-0.31**

-0.25*

Total Coliform

-

1

0.59**

F Coliform

-

-

1

** P-value<0.01

* P-value<0.05

// P-value>0.05

For "free chlorine with Total Coliform", there is a statistical significant negative
relationship found between the ratio of free chlorine in drinking water samples in
middle governorate and it's contamination with Total Coliform (r = -0.31, p-value
<0.01). This relation indicates that every each increasing in free chlorine ratio in
samples by one degree that will make a decrease with the same degree in Total
Coliform in samples, and vice versa.
For "free chlorine with Fecal Coliform", there is a statistical significant negative
relationship also was found between the ratio of free chlorine in water samples in
middle governorate and it's contamination with Fecal Coliform (r = -0.25, pvalue<0.05). This negative correlation indicates that every each increasing in free
chlorine ratio in samples by one degree that will make a decrease with the same
degree in Fecal Coliform in samples, and vice versa.
For "Total Coliform with Fecal Coliform", there is a statistical significant positive
relationship found between the ratio of Total Coliform in water samples in middle
governorate and it's contamination with Fecal Coliform (r =0.59, p-value <0.01). This
positive correlation indicates that every each increasing in Total Coliform ratio in
samples by one degree that will make the same increase in Fecal Coliform in samples,
and vice versa.
In general Total and Fecal Coliform contamination in both water wells and networks
generally exceeded that of WHO limit in middle governorate, the major factors
contributing to Coliforms problem in the distribution system may include:
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1) Improper operation and inadequate or interrupted disinfection and problem with
system maintenance. El-Mahallawi (1999) concluded that the disinfection efficiency
is not sufficient and the chlorination processes are not well implemented in most of
the cases in water distribution systems in the Gaza Strip. In his study, the main
reasons of this problem were due to not functioning of chlorine injector pumps or
insufficient of chlorine injection. PWA (2002) estimated that the disinfection
efficiency of water distribution system in the governorates of the Gaza Strip ranges
from 54 to 71%.
2) Dead-end and slow-flow areas of distribution system contribute highly to bacterial
growth due primarily to the loss of disinfectant residual and its inhibitory effect on
bacterial growth.
3) Available of sufficient nutrients in standpipe or storage reservoir that is not used
for some period of time, intrusion of wastewater through pipes leakage especially for
the intermitted water supply like the case in the Gaza Strip, bad maintenance of old
pipes, through pipes replacement and water backflow from households due to
nonexistence of non-return valves. Frias et. al.(2001), indicated that, the factor which
controls the growth of bacteria in the drinking water of the Barcelona distribution
system is organic carbon. Moreover, bacteria from the biofilm growing on the surface
of the pipes may cause the problems of bacterial growth.

B -Case Study - EL Briage Camp
4.4Water Quality
4.4.1 Chemical Quality
The chemical quality of drinking water in EL Briage municipality is considered as
unacceptable with respect to many parameters including: TDS, NO3-, CL, SO4-2, Ca+2,
Mg+2, Alkalinity and Hardness. Table (4.7) shows all of these parameters are higher
than WHO guideline values and Palestinian standards of drinking water according to
the analysis were done in Public Health Laboratory. The reasons behind the
deterioration of water quality are the high abstraction rates, low recharge and sea
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water intrusion. Water quality parameters such as alkalinity and hardness which may
negatively affect the pipes in the distribution system are considered high.
Table 4.7: Chemical quality of groundwater wells in EL Briage Camp
Well Name

Parameter (mg/L)
except otherwise
indicated

El Farouk

Abo
Meddain

S-72

Maqbula

S-86

PH

7.5

7.8

7.9

7.8

7.7

TDS

2883

2858

2778

2387

1457

NO3-

333

29

28

22

61

Cl-

838

1129

1086

909

497

SO4-2

356

486

444

383

201

Alkalinity

483

211

209

195

185

Hardness

902

708

639

556

352

Ca+2

134

117

106

98

61

Mg+2

138

101

89

76
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4.4.2 Microbiological Quality
As previously indicated in tables (4.3 and 4.4) there is contamination by Total and
Fecal Coliform in drinking water distribution system. The result shows the average
percentage of contamination by Total Coliform was 19%. These contamination was
the highest in groundwater wells (two samples was contaminated by Total Coliform)
followed by network samples (one sample was contaminated by Total Coliform) and
there is no contamination was detected in desalination and storage tank samples. The
average percentage of contamination by Fecal Coliform was 6%. There was one
sample from groundwater wells and there is no contamination was detected in
distribution network , desalinated water and storage tank samples.

4.5 Water demand
To simplify the work of demand calculation, the area was divided as mentioned
previously to two zones. Table (4.8) shows the production of water in both zone 1 and
zone 2. Due to short period of water supply by municipality to each zone, the
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consumers try to full their empty storage roof tanks at their building within these
hours by using small water pumps (0.5 – 1 hp). The water consumption per capita
every hour was calculated according to the junction-averaged system. So, the
demands of the consumption nodes have been approximated depending on the number
of inhabitants for each node. Due to bad metering and monitoring system, demand
pattern at each zone which has been adopted, is a fixed demand pattern assuming that
there will be availability of water at operation hours of the system. So Demand
Pattern at each zone was calculated as average to know the amount of water drawn at
every demand nods.

Table 4.8: Water demand in zone 1 and zone 2
Source
Production
Distribution
Zones

(m3/ hr)

Customer

Consumption

Demand Pattern
Domestic

UFW

No.

m3/hr/Cust.

(m3/ hr)

(m3/hr)

z1

165

1386

0.1015

161.77

3.23

z2

186.75

2349

0.0688

185.93

0.821

4.6 Model construction
4.6.1 Hydraulic model construction
A model is a representation of reality, like a map. In a water distribution system, the
reality is a model of a network formed by pipes, nodes, demands, pumps, valves,
tanks and reservoirs. The hydraulic model was created in WaterCAD software but did
not include all pipes down to 110 mm in diameter.
4.6.1.1 Pipes and network configurations
The total length of pipelines of the distribution system is 26209.56 meter. The
majority of these pipes are made from UPVC material which are 24573.44 meter
length. The minority of the pipes materials are made of steel and Asbestos cement.
Pipe diameter of less than 110 mm have been excluded in building the model. The

53

next table shows the characterization of pipes in the network according to length,
diameter and materials type of EL Briage municipality.
Table 4.9:Pipes materials, diameter and length
Diameter (mm)
315 mm Asbestos cement
110 mm UPVC
160 mm UPVC
250 mm UPVC
315 mm UPVC
152.4 mm steel

Scaled Length (m)
164.17
11545.47
8496.60
1029.04
3502.33
1471.95

4.6.1.2 Nodes
Three types of nodes were distinguished in the model: demand nodes, non-demand
nodes and fixed head node. The average demand at each node was calculated by using
the average consumption per capita, the pipe length between nodes and the population
in the district. The non demand node is used as a junction between two branches not
influenced by consumer. The drinking water network in EL Briage municipality
contain (316) junction and demand node. The fixed head nodes describe the water
level of the well fields where no changes of the groundwater level was assumed
throughout the simulation interval.

4.6.1.3 Storage tanks
There is a one tank in El Briage municipality which is located at the desalination plant
of the municipality, this tank is used to mix the brackish water comes from well S-72
and the treated water from desalination plant. The capacity of tank is 30 m3 which is
made of fiberglass.

4.6.1.4 Water resources and pump stations
As mentioned before, there are five groundwater wells supply the area of the water
needed for domestic purposes as illustrated in Table (4.10). Each well pump has a
certain check valve added in the Model to prevent water return to the source. The
pump curves are used as data entry for model construction. These curves are
illustrated in Figure (4.7, 4.8, 4.9, 4.10 ,4.11). Makarot water supply is operated as
constant head node (reservoir).
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Table 4.10: Groundwater sources and pump definition
Reservoir
R-11
R-13
R-12
R-14
R-5
R-4

Pump Definition
El farok Pump
(PMP-14)
S72 Pump
(PMP-17)
Mkbola Pump
(PMP-18)
Abo medden Pump (PMP-19)
S86 Pump
(PMP-20)
Mekrot

Check valve
CV-5
CV-4
CV-2
CV-12
CV-3
CV-9

Elevation (m)
25
33
57
45
62
70

Figure 4.7: Pump characteristic curve for S72 Pump (PMP-17)
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Figure 4.8: Pump characteristic curve for El Farok Pump (PMP-14)

Figure 4.9: Pump characteristic curve for S-86 Pump (PMP-20)
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Figure 4.10: Pump characteristic curve for Mkbola Pump (PMP-18)

Figure 4.11: Pump characteristic curve for Abo Medden Pump (PMP-19)
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4.6.2 Water quality model construction
A water quality model is constructed to predict water quality transport and fate
throughout a water distribution system. A water quality model is a reliable tool only if
it predicts what a real system behaves. Most of the data collected from municipality
and previous studies is not useful for building the water quality model. So, creation of
new data regards water quality input is needed. Three major data entry are needed to
construct the quality model which are chlorine concentration injected at the source,
bulk decay coefficient and wall decay coefficient. The following sections describe the
determination and findings of data necessary for building the water quality model.
4.6.2.1 Bulk chlorine decay rate constant (kb)
The bulk flow reactions depend only on chemical composition of distributed water. It
is not affected by pipe characteristics or formed biofilm. So a laboratory test was
conducted to calculate its value. There are different sources of water supply in the
area (five groundwater wells and Mekorot). So it is not easy to measure the bulk
chlorine decay rate for single sample because the quantity of water in the pipes is not
considered from one source. To simplified this task the water sample is collected as
composite sample represents each source according to the pumping rate. After taking
the sample of water being distributed by the referred water supply system, the
procedure described in the following figure was implemented to determined the kb
value.

Figure 4.12: Diagram of laboratory method used in calibrating Kb. ( Castro and
Neves. 2003)
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Chlorine decay rate constant kb value was calculated according to first order reaction
kinetics as in equation (4.1) by measuring chlorine concentration at several time
intervals.
ln C = ln C0 – kbt

Eq. (4.1)

where:
C = Chlorine concentration at time t (mg/l),
C0 = Initial chlorine concentration (mg/l),
kb = Chlorine decay constant (h-1) and
t = Time (hours)
Plotting ln C vs. t gives a straight line in which its slope equal kb value. Table (4.11)
and Figure (4.13) show the data and the method for calculation of kb.

Table 4.11: Data for calculation of kb
Accumulated
time (hours)

Free Cl2 Conc. (mg/l)

ln free Cl2 Conc. (mg/l)

09:00:00 AM

0

0.2

-1.61

11:00:00 AM

2

0.18

-1.71

13:00:00 PM

4

0.14

-1.96

15:00:00 PM

6

0.11

-2.2

17:00:00 PM

8

0.09

-2.4

19:00:00 PM

10

0.06

-2.81

21:00:00 PM

12

0.05

-2.99

Time
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Figure 4.13: Chlorine decay at bulk fluid and respective first order adjustment

The slope of the curve indicates to the value of Kb which is - 0.121 hour-1. The
negative sign refers to reduction of chlorine residuals with time.

4.6.2.2 Wall decay coefficient
Measuring wall decay coefficient in laboratories is difficult as it depends on water
temperature and actual pipe wall conditions, such as: material, diameter, age,
roughness, inner coating material, and biofilm formation. To overcome this difficulty,
the wall coefficient was assumed to be the same for all network pipes, as the modeled
network consists mainly from UPVC pipelines, except for few. An initial value of kw
was assumed to be equal to - 4.0 mg/m2.day, then it was corrected by trial and error fit
with the observed concentrations measured at different sampling points (as discussed
later in the model calibration).

4.7 Residual free chlorine through the water network
The values of residual chlorine were monitored on the water network for 12 hours
through the day, which started from 8 am to 8 pm. Four sample locations were chosen
on the network so as to be representative of all Jebaya Zones. The locations of the
selected nodes that form sample locations are described in the Table (4.12) which
show each sample point and the area covered by this point (Jebaya Zones).
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Table (4.12): Sampling points and Jebaya zones
Sample point

Jebaya zones covered

P1 (J119)

1,3

P2 (J202)

4,10,9

P3 (J90)

2,5, 12

P4 (J312)

6,7,8

4.8 Run and Calibration of Hydraulic model
To achieve a good water quality calibration, a well calibrated hydraulic model is
essential before starting water quality calibration. The accuracy of water quality
simulation relies on the hydraulic simulation results. A hydraulic simulation must be
performed priori to a water quality analysis. It is the hydraulic simulation that
provides the necessary flow and velocity information of each element to determine
how a constituent is transported and reacted throughout a distribution system. This
indicates that hydraulic calibration must be conducted before embarking on water
quality model calibration, and also hydraulic model calibration must be carried out for
extended period simulation. If there are errors in the hydraulic model, then forcing the
water quality parameters to achieve calibration may result in a model that appears
calibrated due to compensating errors.
There is no pressure gauge is established at any point in the distribution system in the
study area. Three pressure gauges were installed in the system during this study and
readings for one day at operational hours of the system were recorded. The following
sections discuss the results of model calibration.

4.8.1 Hydraulic Simulation of Model
The Nonparametric test 'Wilcoxon Signed Ranks Test" was used to figure out the
differences between the values of water pressure before and after implementing the
hydraulic simulation for three points (J119, J126 and J156), Table (4.13) shows the
differences between pressure values in actual situation and pressure values after
hydraulic simulation at the three selected points within 16 hours.
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Table 4.13: Pressure values of actual situation and before and after hydraulic
calibration at three point
Point 1 (J119)

Point 2 (J126)

Point 3 (J156)

S

S

S

S

S

S

before

after

before

after

before

after

A

C

C

A

C

C

A

C

C

07:00 AM

0

0

0

2

4.7

1.2

1.2

4.7

0.5

09:00 AM

0

0

0

1.4

4.7

2.2

2.1

4.7

2.5

11:00 AM

0

0

0

1

5

2.4

2.2

4.7

2.9

01:00 PM

0.1

0

0

2.2

5

3.5

2.4

4.8

2.9

03:00 PM

0.3

4.7

0.6

1.3

4.9

3.1

1.3

4.8

2.2

05:00 PM

0.2

4.6

0.4

1.2

4.9

2.5

2

4.6

1.7

07:00 PM

0.3

4.6

0.8

1.2

4.9

2.4

1.8

4.6

2

09:00 PM

0.4

4.6

1

1.4

4.8

2.3

2.1

4.5

1.9

11:00 PM

0.2

4.8

0.6

1

4.8

2.3

1.2

4.6

1.9

Time

S Simulation, A Actual, C Calibration

4.8.2 Calibration of the hydraulic model
To match the model results and readings in the field, Water demand and pump
operating characteristics were adjusted. Table (4.15) shows the differences between
pressure values in actual situation and before and after hydraulic calibration at the
three selected points within 16 hours.
Nonparametric test 'Wilcoxon Signed Ranks Test " was used to figure out the
differences between the actual and simulation degree of water pressure level before
and after implementing the hydraulic calibration for every point. Table (4.14) and
Figure (4.14) represent to results of statistical test.
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Table 4.14: Results of Wilcoxon Signed Ranks Test of hydraulic calibration
Before implementing the hydraulic calibration
Mean
Points
Ranks
N
rank
3.0
point1
Negative ranks 4

Sum of
ranks
12.0

Positive ranks

1

1.0

1.0

Negative ranks

9

5.0

45.0

Positive ranks

0

0.0

0.0

Negative ranks

9

5.0

45.0

Point2

Point3
0

Positive ranks

0.0

5.4

43.5

Positive ranks

1

1.5

1.5

Negative ranks

6

5.6

33.5

Point3
** P-value<0.01

3.8

* P-value<0.05

0.008**

-1.90

0.071\\

-2.50

0.012*

-1.31

0.191\\

11.5

// P-value>0.05

Before calibration

After calibration

6.0

3.0

5.0

2.5

4.0

2.0

3.0

pressure (bar)

pressure (bar)

-2.67

1.0

8

3

0.008**

20.0

Negative ranks

Positive ranks

-2.67

0.0

After implementing the hydraulic calibration
4.0
Negative ranks 5
point1
1
1.0
Positive ranks
Point2

-2.02

Sign.
Level
0.043*

Z

S
A

2.0
1.0

1.5

S
A

1.0
0.5

0.0

0.0
P1 (J119) P2 (J126) P3 (J156)

P1 (J119) P2 (J126) P3 (J156)

Figure 4.14 : Actual and simulation degree means of three points before and
after calibration
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From the previous table and before hydraulic calibration, for the first point, there were
statistical significant differences (z = -2.0, P-value <0.05) between actual and
simulated values of water pressure. The mean of actual values for this point was (0.17
bar) while for the simulated values was (2.59 bar), which means that simulation
values for the first point is more than the actual values. Also, for the second point,
there were statistical significant differences (z = -2.67, P-value <0.01) between actual
and simulation values of water pressure. The mean of actual values was (1.41 bar)
while for the simulated values was (4.86 bar). The same behavior is noticed for the
third point. There were statistical significant differences (z = -2.67, P-value <0.01)
between actual and simulation values of water pressure. The mean of actual values for
this point was (1.81 bar) while for the simulated values was (4.67 bar).
After the hydraulic calibration, for the first point, there were no statistical significant
differences (P-value>0.05) between actual and simulation degrees of water pressure at
the first point. The mean of actual degree for this point was (0.17 bar) while for the
simulation degree was (0.35 bar), which means that simulation degree for the first
point becomes less than before implementing hydraulic calibration and it's very nearly
to actual degree .
For the second point, there were statistical significant differences (z=-2.50, P-value
<0.01) between actual and simulation degrees of water pressure at the second point,
the differences were toward the actual degree. The mean of actual degree for this
point was (1.41 bar) while for the simulation degree was (2.43 bar), which means that
simulation degree for the second point become less than before implementing
hydraulic calibration but also it is still more than actual degree.
For the third point, there were no statistical significant differences (P-value >0.05)
between actual and simulation degrees of water pressure at that point. The mean of
actual degree for this point was (1.81 bar) while for the simulation degree was (2.06
bar), which means that simulation degree for the third point becomes less than before
implementing hydraulic calibration and it's very nearly to actual degree.
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4.9 Run and Calibration of quality model
4.9.1 Simulation of water quality model
The simulation method for free residual chlorine concentration was assessed by
comparison between measured free residual chlorine concentrations in water samples
and simulated values at four selected points. Table (4.15) show the difference between
free chlorine values in actual situation and before and after calibration of water
quality at the selected four points within 12 hours.

Table 4.15 : Difference between free Cl2(mg/l) values in actual and (before and
after) quality calibration:

Time

Point 1 (J119)
S
before
C

S
after
C

8:00 AM

0

12:00 PM
04:00 PM
08:00 PM

Point 2 (J202)

A

S
before
C

S
after
C

0

0

0

0

0

0

0

0

0

1.6

0.1

0.1

Point 3 (J90)

A

S
before
C

S
after
C

0

0

0.8

0

0

0

0

0

0.1

0.7

0.1

0.1

Point 4 (J312)

A

S
before
C

S
after
C

A

0.1

0.07

0

0.1

0

0.8

0.2

0.1

0.2

0.2

0.1

0.6

0.1

0.05

0.3

0.1

0.1

1

0.1

0.05

0.7

0.2

0.05

S Simulation, A Actual, C Calibration
Nonparametric test 'Wilcoxon Signed Ranks Test " was used to figure out the
differences between actual and simulated degrees of free chlorine values in drinking
water distribution system. Table (4.16) and Figure (4.15) show the results of
Wilcoxon Signed Ranks Test for free chlorine values.
Table 4.16 : Result of Wilcoxon Signed Ranks Test of Water Quality Simulation
points

P1(J-119)

P2(J-202)

P3(J-190)

P4(J312)
** P-value<0.01

Mean

Sum of

rank

ranks

1

0.27

0.27

Positive ranks

0

0.0

0.00

Negative ranks

1

0.32

0.32

Positive ranks

1

0.1

0.1

Negative ranks

4

0.8

3.2

Positive ranks

0

0.0

0.0

Negative ranks

3

0.27

0.81

Positive ranks

0

0.0

0.0

Ranks

N

Negative ranks

* P-value<0.05

// P-value>0.05
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Z

Sign. level

-2.60

0.042*

-1.2

0.124\\

-2.43

0.030*

-2.12

0.043*

0.9
0.8

Free CL(mg/l)

0.7
0.6
0.5
A

0.4

S before C

0.3
0.2
0.1
0
Point 1 (J119)

Point 2 (J202)

Point 3 (J90)

Point 4 (J312)

Figure 4.15: Actual and simulation degree means before quality calibration
From the previous table and figure it was clear, for the first point (J119), there were
statistical significant differences (z = -2.60, P-value <0.05) between the actual and
simulated values of free chlorine concentration and the differences were toward after
simulation degree which means that simulation of water networks led to increase the
value of free chlorine concentration. The mean of the actual readings for this point
was (0.025 mg/l) while after simulation degree was (0.4 mg/l). For the second point
(J202), there were no statistical significant differences (P-value>0.05) between the
actual and simulated values of free chlorine concentration. For the third point (J190),
there were statistical significant differences (z = -2.43, P-value <0.05) between the
actual and simulated values of free chlorine concentration and the differences were
toward after simulation degree which means that simulation of water networks led to
increase the value of free chlorine concentration. The mean of the actual readings for
this point was (0.068 mg/l) while after simulation degree was (0.8 mg/l). The same
behavior was noticed for the four point (J312), there were statistical significant
differences (z = -2.12, P-value <0.05) between the actual and simulated values of free
chlorine concentration and the differences were toward after simulation degree which
means that simulation of water networks led to increase the value of free chlorine
concentration. The mean of the actual readings for this point was (0.06 mg/l) while
after simulation degree was (0.3 mg/l).
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4.9.2 Calibration of water quality model
The objective of calibration of water quality model is to minimize the difference
between the field observed and model simulated values for chlorine concentration.
Pipe wall reaction values are adjusted to minimize the difference between the
observed and simulated chlorine concentrations while the bulk water chlorine
concentration is put as measured through bottle test.
Nonparametric test "Wilcoxon Signed Ranks Test" is used to figure out the
differences between the Actual and Simulated values of free chlorine concentration
after implementing calibration process for the water quality model for the selected
four points as shown in Table (4.17) and Figures (4.16).

Table 4.17 : Results of Wilcoxon Signed Ranks Test of Water Quality
Calibration
After implementing the quality calibration
P1 (J-119)

P2 (J-202)

P3 (J-190)

P4 (J312)
** P-value<0.01

Negative ranks

1

0.1

1

Positive ranks

0

0

0

Negative ranks

0

0

0

Positive ranks

2

1.50

3.00

Negative ranks

4

2.50

10.00

Positive ranks

0

0

0

Negative ranks

3

2.00

6.00

Positive ranks

0

0

0

* P-value<0.05

0.00

1.000\\

-1.34

0.180\\

-1.84

0.066\\

-1.63

0.102\\

// P-value>0.05

0.16

Free CL (mg/l)

0.14
0.12
0.1
0.08

A

0.06

S after C

0.04
0.02
0
Point 1 (J119)

Point 2 (J202)

Point 3 (J90)

Point 4 (J312)

Figure (4.16): Actual and simulation degree means after quality calibration
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From the previous table and figures for all points, there were no statistical significant
differences (P-value>0.05) between actual and simulation degrees of free chlorine
ratio after implementing calibration of the water quality model, which means that
implementing quality calibration in water networks didn't make any difference of free
chlorine value in drinking water distribution system.

4.10 Description of the existing situation
4.10.1 Hydraulic performance of the distribution network
The existing hydraulic performance of the distribution system with regard to pressure
at most of the nodes seems to be good, the pressure varies between 0.4 bar to 2.4 bar.
Running the model under the existing situation with water loss 10% and meter error
15% indicated no problems with the hydraulic situation during the winter season. In
the summer season when demand increases there are not enough water in the pipe to
supply the community. So the operational hours of water pumping from wells must be
increased or drilling new water wells should be implemented in order to meet the
drinking water needs of the consumers, as shown in ( Figure 4.17).

Figure 4.17: The existing hydraulic performance
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4.10.2 Chlorine distribution
The simulation of the existing situation indicated that the distribution of residual
chlorine in the network is not adequate in most of the areas specially at the end point
of the system, while there is a sufficient concentrations of chlorine are shown where
chlorine dosing units is exist. The concentration of free chlorine was zero is obvious
in many areas of the water distribution system as shown in Figure (4.18) .

Figure 4.18: Existing situation of chlorine distribution at16 PM
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4.11 Disinfection Management Scenarios
Table (4.18) shows the values of residual chlorine monitoring data on the water
network for 12 hours through the day, which started from 8 am to 8 pm for the three
scenarios.
Table 4.18: Residual chlorine monitoring data at five points

Time

P1 (J119)

P2 (J202)

P3 (J90)

S3

S1

S2

P5 (J156)

S1

S2

S3

S1

S2

S3

S1

0

0

0

0

0

0

0.1 0.3 0.2 0.1 0.2 0.2 0.2 0.2 0.2

12:00PM 0

0

0

0

0

0

0.2 0.3 0.3 0.2 0.3 0.2 0.2 0.3 0.2

04:00PM 0

0

0

0

0.2 0.3 0.1 0.3 0.3 0.1 0.3 0.2 0.1 0.2 0.1

8:00 AM

S2

P4 (J312)

S3

S1

S2

S3

08:00PM 0.1 0.2 0.1 0.1 0.2 0.3 0.1 0.3 0.2 0.2 0.3 0.2 0.2 0.3 0.2

In the first scenario all the values of free chlorine were found less than the World
Health Organization standard. The value of free chlorine at the first and the second
point (P1 and P2) which are located in Zone 1ranges from 0.0 mg/l to 0.1 mg/l. For
P3, P4 and P5, the values of free chlorine measured in these points were fluctuated
between 0.1 mg/l to 0.2 mg/l during the hours of the day. Therefore the disinfection
process by chlorine is not sufficient to prevent the microbial contamination in the
network as shown in previous results. Figures 4.19, 4.20, 4.21 and 4.22 show the
results of free chlorine at different points.
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Figure 4.19: Scenario One at time 8 AM

Figure 4.20: Scenario one at time 12 PM
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Figure 4.21: Scenario one at time 16 PM

Figure 4.22: Scenario one at time 20 PM

In the second scenario, the values of free chlorine measured in the sampling points
were found within the World Health Organization standard, where the values of the
free chlorine fluctuated between 0.2 mg/l to 0.3 mg/l at each sampling points. Figures
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4.23, 4.24, 4.25 and 4.26 show the results of free chlorine at different points and
times.

Figure 4.23: Scenario two at time 8 AM

Figure 4.24: Scenario two at time 12 PM
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Figure 4.25: Scenario two at time 16 PM

Figure 4.26 : Scenario two at time 20 PM
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In the third scenario, the values of free chlorine in most of the samples were found
within the World Health Organization guideline values. The value of free chlorine in
P1 was 0.1 mg/l at 8 pm while the value of free chlorine in P2 was 0.3 mg/l during
pumping hours of water in the network in zone 1. On the other hand, the values of
free chlorine at P3, P4 and P5 were fluctuated between 0.2 mg/l to 0.3 mg/l within
times of water pumping in the network as shown in figures 4.27, 4.28, 4.29 and 4.30.

Figure 4.27: Scenario three at time 8 AM
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Figure 4.28: Scenario three at time 12 PM

Figure 4.29: Scenario three at time 16 PM
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Figure 4.30: Scenario three at time 20 PM

Nonparametric test 'Friedman Test" is used to figure out the differences between the
exists scenario and the other two scenarios for degree of free chlorine values at the
five sampling point. Table (4.19) illustrates Friedman test results.
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Table (4.19): Friedman test results of the differences between the scenarios
Points

P1 (J119)

P2 (J202)

P3 (J90)

P4 (J312)

P5 (J156)

** P-value<0.01

Mean

Chi-

rank

square Level

Scenarios

Mean STD

scenario 1

0.03

0.05

1.50

scenario 2

0.13

0.15

2.50

scenario 3

0.08

0.10

2.0

scenario 1

0.03

0.05

1.50

scenario 2

0.10

0.12

2.0

scenario 3

0.15

0.17

2.50

scenario 1

0.13

0.05

1.0

scenario 2

0.30

0.0

2.75

scenario 3

0.25

0.06

2.25

scenario 1

0.15

0.06

1.25

scenario 2

0.28

0.05

2.88

scenario 3

0.20

0.0

1.88

scenario 1

0.18

0.05

1.63

scenario 2

0.25

0.06

2.75

scenario 3

0.18

0.05

1.63

* P-value<0.05

Sign.

4.0

0.135\\

4.0

0.135\\

7.43

0.024*

6.62

0.037*

6.0

0.05*

// P-value>0.05

As seen in Table 4.21, it can be observed for the first two points (P1 & P2), there
were no statistical significant differences (P-value > 0.05) between the exists scenario
and the new scenarios degree of free chlorine value, which means changing the sort
of free chlorine in drinking water network didn't make any difference.
For the third point (P3), there were statistical significant differences (z=7.43, Pvalue<0.05) between the exists scenario and the new scenarios degree of free chlorine
value at the third point, the differences were toward the second scenario degree. The
mean of the exists scenario for this point was 0.13 mg/l while for the second scenario
was 0.30 mg/l, and for the third scenario was 0.25 mg/l, which means that the second
scenario is the best scenario of free chlorine value according to World Health
Organization standard.
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For the fourth point (P4), there were statistical significant differences (z=6.62, Pvalue<0.05) between the exists scenario and the new scenarios degree of free chlorine
value, the differences were toward the second scenario degree. The mean of the
existed scenario for this point was 0.15 mg/l while for the second scenario was 0.28
mg/L, and for the third scenario was 0.20 mg/l, which means that the second scenario
is the best scenario of free chlorine value according to world health organization
recommendation.
For the fifth point (P5), there were statistical significant differences (z=6.0, Pvalue<0.05) between the exists scenario and the new scenarios degree of free chlorine
value at the fifth point, the differences were toward the second scenario degree. The
mean of the exists scenario for this point was 0.18 mg/l while for the second scenario
was 0.25 mg/l, and for the third scenario was 0.18 mg/l, which means that the second
scenario is the best scenario of free chlorine value according to world health
organization standard.

Figure 4.31: The scenarios means of free chlorine value at sampling point

From Figure (4.31), it is clear that the amount of free chlorine measured in sampling
points in the second scenario is the highest value when compared with the other the
scenarios and should be considered to get safe water from microbial contamination.
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Chapter Five

Conclusions and Recommendations
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Chapter Five: Conclusions and Recommendations

5.1 Conclusions
This study focusing on disinfection process by free chlorine as an indicator of
microbial contamination in drinking water distribution system in Middle governorate
of the Gaza Strip also using WaterCAD program to simulate and improve the quality
of drinking water in distribution system in El-Briage municipality; the Conclusions of
this study are the following:
1. The level of TC and FC contamination in drinking water distribution system
was generally exceeded that of WHO limit.
2. The level of TC and FC contamination in water networks was higher than that
in groundwater wells where the value of contamination in network was 63%
and 14% in wells .
3. The value of free chlorine in drinking water networks was higher than that in
wells where these value was 63% in network and 45% in wells .
4. The highest value of microbial contamination was reported in El-Mosdar
municipality, while the lowest value was in El-Magaze municipality.
5. A significant correlation value with inversely proportional for free chlorine
and Coliform contamination was found.
6. The chlorination level in 86% of collected samples was not comply with WHO
limit (0.2 mg/l), while only 14% of collected samples was reported within
WHO limits.
7. Although the initial dosage of free chlorine in water distribution networks
should not be lower than 0.8 mg/l, however, the initial concentration
throughout all municipalities in the study area was reported less than 0.2 mg/l
in some cases.
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8. WaterCAD simulation model can be used as a possible solution to improve
free chlorine distribution in drinking water distribution system. The
WaterCAD model clearly shows that the distribution of residual chlorine in the
network is not adequate.

5.2 Recommendations
Based on the above results therefore the study recommends:
1. Implementation of protection system for groundwater wells and networks is
recommended.
2. Enhancing the monitoring system for drinking water sources and networks is
recommended with raise the monitoring level specially of all water resources
near the source of pollution.
3. To enhance the hydraulic situation of drinking water distribution system must
increase the operation hours of water pumping from wells or drilling new water
wells is recommended in order to meet the needs of the consumers.
4. Adding metering system in the distribution network mains to calculate the
water consumption at each district of the area and for estimation of water losses
and maintenance and rehabilitation of the network.
5. Adding chlorination system to all water sources and increasing the initial
dosage of chlorine at the source to meet the required standards of the World
Health Organization is suggested. Also, adding chlorination stations through
the water network, especially on the parts that did not meet the required
standards of the World Health Organization is highly recommended.
6. Using WaterCAD software for a large scale network to enhancing the
disinfection process in the Gaza Strip is recommended.

7. Further studies are needed for microbial contamination in water distribution
system and its relation to disinfection process.
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