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Abstract  
 

The quality of water has been a key issue in the water industry for most of world. The decline of 

treated water can be due to physical, chemical and Biological changes that occur in the water 

throughout distribution. The disinfectant and Age of water can affect the quality of the water 

being distributed. In this study the purpose was to model and Analysis the decay of chlorine and 

water age by using water cad software and supportive other software. In addition the performing 

the network considering chlorine concentration, water tracing analysis is done to know the 

amount of water exists in system. The simulations were performed with water cad, Google earth 

and global mapper software by using extended period. On other hand laboratory result and water 

cad result is compared to justify exist water quality problem in Bishoftu, chaleleka water 

distribution system. It was found that the chlorine residual in system was highly affected by 

duration time and distance they have from reservoir where initial chlorine is added into the 

system i.e. reservoir and junctions. The performance of chlorine was high due to high initial 

chlorine concentrations, at the around first week of month after addition due to high initial 

chlorine concentration, but after the addition around the end of month the residual chlorine 

constipation is low. The water age is affected by elevation difference and Demands. To maintain 

the chlorine concentrations required by WHO (Chlorine residual must be greater than 0.2 mg/l 

and lesser than 0.5 mg/l) chlorination stations were necessary to add initial chlorine into system 

by ratio.  
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1. INTRODUCTION 

1.1 Background 
 

Almost 97.5% of all water found in the oceans, from the remaining fresh water, only 1% is 

accessible for extraction and use. The current worldwide growth in population and affluence is 

putting global resources under increasing pressure. Specifically, in most developing countries 

like Ethiopia, there is a growing public health concern, which directly or indirectly related to 

contamination of water sources (Zelelew et al. 2018). Drinking water must have high quality thus 

it can be consumed without threat of immediate or long term adverse impacts to health (Dula 

2016). The gap between water availability and water demand is growing fast, especially in cities; 

where the urban population is expected to nearly multiply by 2037. The improvement of living 

standards and the change in consumption patterns are contributing to this growth in water 

demand. Large numbers of people are dependent on groundwater as their primary or alternate 

source of water, but pollution and over-extraction threaten groundwater resources (UN-Water 

2017). 

Chlorine is the most widely used water disinfectant in the world. Water quality within water 

distribution system may vary with both location and time.  Water quality models are used to 

predict the spatial and temporal variation of water quality throughout water system (Zelelew et 

al. 2018). Most water suppliers attempt to maintain detectable chlorine residual within the 

distribution system to minimize the potential for microbial growth. As chlorine travels through 

the pipes in a distribution system can react with a variety of materials both within the bulk water 

and from the pipe wall. An ability to understand these reactions and model their impact 

throughout a distribution system will assist water suppliers in selecting operational strategies and 

capital improvements to insure delivery of high-quality drinking water (Clark et al. 1994). 

Maintaining water quality in the water distribution system is a prominent issue of every one to 

keep community healthy.  Based on previous work, chlorine is widely used as a disinfectant in 

drinking-water systems throughout the world because it is not expensive and minimizes the 

potential for microbial growth (Anilraju November-2017). To supply safer and higher quality 

drinking water and solve imbalance problem, establishment of more strict free chlorine 
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concentration control in water distribution system with free chlorine decay simulation (Yasuhara 

et al. 2008). Clark et al. (1994) showed how chlorine residuals can fluctuate throughout the day 

at different locations in a distribution system depending on the flow path and residence time of 

the water reaching a location. Residual chlorine concentration management is the necessary 

action  to ensure the quality of water in the water network because it eliminates contaminants in 

the distribution network specially for town water supply do not has treatment plant (Mahbub, 

Nahar et al. 2011).  

The importance of water age is recognized in part by the survey of state drinking water programs 

where nearly all states that responded to the survey either required or encouraged utilities to 

minimize dead ends and to have proper flushing devices at remaining dead ends (Dula 2016). 

According to Seyoum, (2017) water quality models often assume adjective-reactive transport and 

consider the reactions in the bulk flow and at the pipe wall; an approach that includes both 

advection and dispersion is available. The governing equations address the conservation of mass 

and reaction kinetics and often assume complete and instantaneous mixing of water at the nodes 

and junctions, and storage facilities (Monteiro et al. 2015). Modeling the kinetics of residual 

chlorine decay in distribution system is necessary, in order to ensure delivery of high quality 

drinking water (Dula 2016). 

Bishoftu town   is  very  well  known  for  its  huge  potential of water all  of  which  is  

generated  in  its  own tertiary and it is still known the water towers in Ethiopia. So far, there is 

no research activity conducted on the water quality modeling supply system of the town that may 

enable one to know the quality of drinking water and the effectiveness of the water supply 

network systems. Therefore the aim of the research is to model the water distribution network of 

bishoftu town using water CAD Haestad software for hydraulic model of the network with 

integration of other software like Google earth, global mapper and AutoCAD.   

1.2. Statement of the problem 
 

According to UN-Water (2017) report, in Sub-Saharan Africa, out of a billion people, there are 

still 319 million people without access to improved drinking water sources. Chlorine disinfection 

is of great importance in maintaining drinking water quality  related to pathogens and viruses 

throughout the water distribution system (Dula 2016) but, Water quality and the risk of water-
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associated diseases are serious public health concerns in many developing countries like Ethiopia  

due to lack of proper chlorine residual uses and subsequent monitoring of water quality 

parameters for most of the towns in Ethiopia including Bishoftu specifically cheleleka .  

 

The existing water supply system of Bishoftu town uses only chlorination to treat water because 

its source is ground water.but, It is difficult to know at which point chloride injection is needed 

for the disinfection frequently events, use trail-and-error changes in the actual system, like; low-

pressure or over pressure problems, finding closed valves, and low demand problem. The water 

supplied to the town has taste, odor, color and high temperature problems. Therefore it needs 

research to solve these problems by modeling and check the chlorine residual management is 

within an acceptable level or not by chlorine residual analysis and water age analysis for 

problems as a solution. 

The distribution pipes are generally laid below the road pavements, and as such their layouts 

generally follow the layouts of roads. Cheleleka water networks are mixed between two systems 

(looped & Dead-End system). Pervious work show looped and dead end system causes problems 

in hydraulic analysis and residual chlorine investigation because there are varieties of pipe 

diameter, material and dead pressure zones(Diro 2016).  

1.3 Significance of the study  

 

In this study attention has been given to identifying major factors responsible for water quality 

decline, water age, pressure variation, and residual chlorine concentration of the water supply 

scheme. The result and findings of the modeling will be reflections of the study area. The result 

will be used to model and upgrade the other subsystems of Bishoftu water distribution systems 

easily by applying the same procedures. The finding will be used for next researcher on other 

part of Bishoftu  and for  Bishoftu  Water supply sanitation enterprise, especially decision 

makers, policy making bodies and  the  city  municipality for designing a more effective method  

of water supply thereby contributing to narrowing the knowledge gap between  supply  and  

demand  for  safe water supply service.   
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1.3 Objective 

1.3.1 General objective 

 

The general objective of the research is to analysis water quality by modeling chlorine residual 

and water age of Cheleleka water distribution system  

1.3.2 Specific objective 

The specific objectives are:  

 To analysis chlorine residual in the water distribution system of Cheleleka  

 To compute and analysis water age in the water distribution system of Cheleleka  

 To performing trace analysis of water in the water distribution system of Cheleleka  
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2. Literature Review  

2.1 Drinking water 

 

All over the world, the drinking water system has the problem of supply good quality water to 

their comunity because water quality changes can happen within drinking water distribution 

systems due to contamination. According to (Nazarovs, Dejus et al. 2012) Chlorine is widely 

used as a disinfectant in drinking-water systems throughout the world. Most water suppliers 

attempt to maintain detectable chlorine residual within the distribution system to minimize the 

potential for microbial growth(Grayman, Clark et al. 1988). As chlorine travels through the pipes 

in a distribution system it can react with a variety of materials both within the bulk water and 

from the pipe wall. Based on previous research (Anilraju November-2017) disinfectant like 

chlorine can control growth of pathogens but it reacts with organic and inorganic matter in water, 

the chlorine concentration decreases in time called the chlorine decay (Rossman, Clark et al. 

1994).  

2.2 Source of Water 

  

 Water resource is the critical part of any water supply system that needs to be investigated 

thoroughly (Wang, Masters et al. 2014). It is important that sources of supply be capable of 

providing service for both the short-term and long-term demands (Anilraju November-2017). 

The main sources of water are: Surface water includes rivers, depressions, lakes, ponds etc. 

Rivers may be perennial or non-perennial. Perennial rivers are those in which the water is 

available throughout the year Sub-Surface water sources: The source of water, which, exist 

below the ground surface is called sub-surface water source. These include spring and ground 

water. Ground water is the water that occurs in the saturated zone of earth in various thickness 

and depth below the ground surface. Spring is the natural out flow of ground water on the earth‟s 

surface is said to be, a spring. 

According to this feasibility studies Chlorination of groundwater (boreholes) is applied to control 

pollution, or risk of pollution and the source is not, or cannot, be excluded on pollution grounds. 

Two boreholes are there in cheleleka zone. Average safe yield bore hole is about 20 l/. 

Concerning town water distribution, once the water has been pumped to the service reservoirs 
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and it is distributed to the user by gravity. The layout of the distribution lines is made by 

following the existing main roads and based on the bishoftu town‟s master plan. As mentioned 

above the town is divided in to two zones the first zone on the right side of addis ababa- bishoftu 

road and which cover most part of the town and the second zone is found on left side of this 

same road the distribution system in each zone is looped and water is distributed from reservoir 

in to distribution system.  

2.3. Water Distribution System of Bishoftu town 

 

The distribution pipes are generally laid below the road pavements, and as such their layouts 

generally follow the layouts of roads. There are, in general, four different types of pipe networks: 

1.Grid Iron 2.Ring 3.Radial and 4.Dead end system. 

Grid iron system 

It is suitable for cities with rectangular layout, where the water mains and branches are laid in 

rectangles. The main advantage of this system is that the water is kept in good circulation due to 

the absence of dead ends. The disadvantage is that the exact calculation of pipes is not possible 

due to provision of valves on all branches. 

Ring system 

The supply main is laid all along the peripheral roads and sub mains branch out from the mains. 

Thus, this system also follows the grid iron system with the flow pattern similar in character to 

that of dead end system. So, determination of the size of pipes is easy. This system gives quick 

service and the calculation of pipe size is easy. 

Dead end system 

It is suitable for old towns and cities having no definite pattern of roads. The main advantage of 

this system is that the determination of discharges and pressure easier due to less number of 

valves. The disadvantage is due to many dead ends, stagnation of water occurs in the pipes. 

The problems normally faced in water distribution system are: Un-accounted for water (Leakage 

and Wastage of water), Degradation of quality of water and Reduction in carrying capacity of 

pipeline. 
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According to the information from the Bishoftu water supply enterprise, water is directly 

pumped to the distribution network and the storage reservoirs which has 1000m
3
 volume is filled 

during low consumption period.  Due to this, the reservoirs are empty that they do not provide 

proper service. The distribution network was constructed with DCI (DN 150 to 400), uPVC (DN 

100 to 250), and GS (DN 100) pipes.for more refer table below. 

Table 1 Pipes in primary & secondary lines in the system 

Type of 

Material 

Diameter 

 (mm or 

inch) 

Service 

year  Remark 

DCI 400 23   

DCI 300 23   

DCI 250 23   

DCI 150 23   

GS 75 ( 3'' ) 33 0.4km has 2 years of service  

GS 50 ( 2") 33 6.2km has 2 years of service  

GS  32 (11/2") 33 3.5km has 2-5 years of service  

PVC 200 23 2.5km has 2 years of service  

PVC 150 23 1.5km has3 years of service  

PVC 100 23 0.5km has 3 years of service  

PVC 80 23   

PVC 50 23 2km has 4 years of service  
Source: Bishoftu water supply feasibility study 

 2.4 Water quality 

 

Water quality declines as it travels through a drinking water distribution system. Acording to 

(Blokker, Furnass et al. 2016) Parameters and reactions that are considered of interest include 

disinfectant residual and disinfectant by-product formation, nitrification, bacterial regrowth, 

corrosion, sedimentation, temperature, and taste and odor.  Many of these are kinetic in nature 

and hence residence time within a system (or water age) may be an indicator of such 

deterioration. It has also been shown that higher water temperatures may enhance water quality 

deterioration.  Many of the chemical changes that influence water quality are driven by reaction 

kinetics which are temperature dependent, and temperature also influences microbial 

populations. Temperature is particularly important(Diro 2016) because it influences water 

chemistry, bacteriology and even physical parameters such as water density.  
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 Unsafe handling and storage of water compounds the problem. Water drawn from protected 

sources may be contaminated by the time it is ultimately consumed in households.  

According to previous work(Hsu, Huang et al. 2011) the chemical contamination of water 

supplies – both naturally occurring and from pollution – is a very serious problem. Chemical and 

biological alone threaten the health of hundreds of millions of people. But more serious still is 

the microbiological contamination of drinking water supplies, especially from human 

feces(Blokker, Furnass et al. 2016). It is common practice in many countries to add a disinfection 

residual as water leaves the water treatment works to protect against regrowth and contamination 

within the (Hamdy, Moustafa et al. 2014). This together with relatively cheap, simple, rapid and 

on-site measurement has often led to the use of free and total chlorine residuals as a general 

indication of water quality within a distribution network. Changes in free and total chlorine 

residuals provide a reliable indication of pollution by certain chemical species, such as ammonia, 

and other polluting species, including microbial contamination. 

2.4.1 Disinfection of Water  

 

The process of killing infective bacteria form the water and making it safe to the user is called 

Disinfection(Peletz, Kumpel et al. 2016) . When chlorine is added to water, it produces nascent 

oxygen which kills the bacteria. The method is cheap and most reliable. According to previous 

work (Jayamar 2017) most common method of disinfection is the use of chlorine i.e. 

chlorination. The various chlorine compounds which are available in the market and used as 

disinfectants are   

 Calcium hypochlorite [ Ca(OCl)2] – powder form  

 Sodium hypochlorite [NaOCl] –liquid form  

 Free chlorine Cl2- Gaseous form. 

 The following are the types of chlorination depending up on the amount of chlorine 

added or the stage of treatment.   

Pre-chlorination: - when chlorine is added to raw water before any treatment i.e. before 

sedimentations this type of chlorination is known as pre-chlorination .The dose of chlorine 

applied should be such that at least 0.2 to 0.5 ppm of residual chlorine comes to the filter 

plant(Grayman, Clark et al. 1988). Pre-chlorination improves coagulation reducing the amount of 
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coagulants and reduce the lead on filters thereby increasing their efficiency(Hsu, Huang et al. 

2011).  

Post chlorination: - The addition of chlorine after all the treatment being applied to water is 

called post chlorination(Reimann, Bjorvatn et al. 2003). This is done before the water enters the 

distribution system. Since the filters in the boreholes are unable to remove all the disease causing 

bacteria. So it is required to use chlorination at the service reservoir before distribution termed as 

post chlorination. In water supply, (Clark and Mils 1993) chlorine is the disinfectant almost 

universally, since it is the final safeguard for the quality of the water.  

Supper Chlorination:-The amount of chlorine in excess of that necessary for adequate bacterial 

purification of water (Peletz, Kumpel et al. 2016). This is done under certain circumstances such 

as epidemics of water borne diseases. High dose of chlorine is added to water i.e.2-3 ppm 

beyond break-point for safety of public(Nazarovs, Dejus et al. 2012). It gives a strong odor and 

taste or chlorine in the treated water which is later can be removed by dechlorinating.  

There are several methods of disinfection such as chlorination, chloramines, ozone, and 

ultraviolet light (Hamdy, Moustafa et al. 2014). Other disinfection methods include chlorine 

dioxide, potassium permanganate, and Nano filtration. The most important methods of 

disinfection are chlorine dioxide (the most common disinfection method). Water quality 

management has become very important, especially with the spread of diseases transmitted by 

water. Computer software lets sanitary engineering make more controls at water disinfection and 

ensure water quality for the customer (Hamdy, Moustafa et al. 2014).  

Chlorine is relatively unstable, may react with a variety of organic and inorganic compounds in 

bulk water or on pipe wall, and there are reactions of biofilm with chlorine. All these result is 

consumption of residual chlorine in distribution system. It is very difficult to precisely predict 

the chlorine concentration in specific locations of the whole distribution system, because of the 

complexity of water distribution system, and chlorine reactions. Although not a specific 

degradative process, water age is a characteristic that affects water quality because many 

deleterious effects are time dependent. The most important for consideration here are the loss of 

disinfectant residuals and the formation of DBPs.  



10 

 

2.4.1 Method of chlorine residual Test  

 

 Test free Chlorine in Drinking Water is conducted to know dosage chlorine in drinking water 

and to monitor and evaluate the dosage if it is in standard or not.  

According to (SWS 2014) , the goal of dosage testing is to determine how much sodium 

hypochlorite solution to add to water that will be used for drinking to maintain free chlorine 

residual in the water for the average time of storage of water in the household. There are three 

main methods to test free chlorine residual in drinking water in the field in developing 

countries(Organization April ,2004):  1) Pool test kits, 2) Color-wheel test kits, and 3) Digital 

colorimeters.  All three methods depend on a color change to identify the presence of chlorine, 

and a measurement of the intensity of that color to determine how much chlorine is present.    

1. Pool Test Kits:   The first option for testing uses a liquid chemical OTO (othotolidine) that 

causes a color change to yellow in the presence of total chlorine.  This method does not measure 

free chlorine. Benefits of the pool test kits are:  Low cost, Very easy to use and Drawbacks of the 

pool test kits are:  Degradation of the OTO solution that causes inaccurate readings over time, 

generally not reliable quantitative results and lack of calibration and standardization. 

2. Color-wheel Test Kit  

Color wheel test kits use a powder or tablet chemical DPD (N, N diethyl-p-phenylene diamine) 

that causes a color change to pink in the presence of chlorine.  The color wheels are simpler and 

less expensive than digital meters because to measure the intensity of the color change, the 

worker uses a color wheel to visually match the color to a numerical free or total chlorine 

reading.  The test kit can be used to measure free chlorine and/or total chlorine, with a range of 0 

– 3.5 mg/L, equivalent to 0 – 3.5 ppm (parts per million). Benefits of the color-wheel test kits 

are:  Accurate readings if used properly and low cost.  Drawbacks of the color-wheel test kits 

are: Potential for user error, lack of calibration and standardization 

3.  Digital Colorimeters  

Digital colorimeters are the most accurate way to measure free chlorine and/or total chlorine 

residual in the field in developing countries.  These colorimeters use the following method:  1) 
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addition of DPD tablets or powder into a vial of sample water that causes a color change to pink; 

and, 2) insertion of the vial into a meter that reads the intensity of the color change by emitting a 

wavelength of light and automatically determining and displaying the color intensity (the free 

and/or total chlorine residual) digitally.  The range of the meter is 0 - 4 mg/L, equivalent to 0 - 4 

ppm (parts per million). Benefits of the digital colorimeters are:    Highly accurate readings and 

Fast results. Drawbacks of the digital colorimeters are:  Expense, Necessity of calibration with 

standards. For this research digital photometer is used since it is more advantageous than others.  

2.5 Chemical Reaction  
 

Chemical reaction terms are present in Equations 2.1 and 2.2. Concentrations within pipes, 

storage tanks, and reservoirs are a function of these reaction terms. After water leaves the bore 

hole and enters the distribution system, it is subject to many complex physical and chemical 

processes. Three chemical processes that are frequently modeled, however, are bulk fluid 

reactions, reactions that occur on a surface (typically the pipe wall), and formation reactions 

involving a limiting reactant. First, an expression for bulk fluid reactions is presented, and then a 

reaction expression that incorporates both bulk and pipe wall. 

2.5.1. Bulk Reactions 

 

Bulk fluid reactions occur within the fluid volume and are a function of constituent 

concentrations, reaction rate, reaction order and concentrations of the formation products(Sonaje 

and Joshi 2015). A comprehensive expression is given by;  

              Ɵ(C) = ±K.C
n
……………………………………………..……………………………2.1    

Where, θ(C) = reaction term  

                K = reaction rate coefficient  

                C = concentration  

                n = reaction rate order constant  

The decay reactions frequently used to model chemical process that occur in water distribution 

system are: zero-, first-, and second-order. Using the generalized expression in Equation 2.1, 
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these reactions can be modeled by letting n to equal 0, 1, or 2 and subsequently performing a 

regression analysis to experimentally determine the rate coefficient. The most frequently used 

reaction model is the first order decay model.  

This is which is given by   

         Ct=Co*     …………………………………………………….……………………2.2 

         Where,   Ct = concentration at time t  

                     Co= initial concentration (at time zero)  

                     K = reaction rate 

After derivation according to previous research (Nagatani, Yasuhara et al. 2008, Hamdy, 

Moustafa et al. 2014, Peletz, Kumpel et al. 2016) the bulk reaction is obtained from the equation 

2.3 

         (     )…………………………………………….……………………….2.3 

Where , C=chlorine concentration 

 Co=initial chlorine  residual 

Kb=Bulk reaction 

T=Transport time in day  

According to (Koji Yasuhara November 24, 2008 ) study Relationship between kb and water 

temperature was studied by analyzing the results of bottle tests that were conducted on treated 

water  purification plant. After predefined period, each sample was selected and the free chlorine 

concentration was measured. 

Relationship between bulk decay coefficient and water temperature  

              (       )……………………………………………………………...2.4 

Where  
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Kb:  Bulk decay coefficient purification plant treated water (day-1) 

 T:  Water temperature (C
o
) 

 

2.5.2 Pipe Wall Reactions 

 

While flowing through pipes, dissolved substances can be transported to the pipe wall and react 

with materials, such as corrosion products or biofilm that are on or close to the wall. According 

to (Elsheikh, Saleh et al. 2013) the amount of wall area available for reaction and the rate of 

mass transfer between the bulk fluid and the wall also will influence the overall rate of this 

reaction. The surface area per unit volume, which for a pipe equals 2 divided by the radius, 

determines a mass transfer coefficient, the value of which depends on the molecular diffusivity 

of the reactive species and on the Reynolds number of the flow.  

Wall reaction decay coefficient kw It might be considered wall reaction decay depends on actual 

pipe wall condition and lining material (Koji Yasuhara November 24, 2008 ). Then kW will be 

set as predicted concentration fit together observed concentration by trial and error, assuming 

same Kw for all pipes. The rate that disinfectant decays at the pipe wall depends on how quickly 

disinfectant is transported to the pipe wall and the speed of the reaction once it is there. (Clark 

and Mils 1993, Barbeau, Desjardins et al. 2005, Peletz, Kumpel et al. 2016) reported that the 

wall decay coefficient (Kw) by examined three test pipes and found that Kw is only 10% of Kb.  

Chlorine decay in distribution systems can be characterized as a combination of first-order 

reactions in the bulk liquid and first-order or zero-order mass transfer-limited reactions at the 

pipe wall (Vasconcelos et al. 1997). In water quality modeling tools chlorine decay is often 

simplified to first-order kinetics: 

As previous studies (Elsheikh, Saleh et al. 2013) Chlorine decay in distribution systems can be 

characterized as a combination of first-order reactions in the bulk liquid and first-order or zero-

order mass transfer-limited reactions at the pipe wall (Vasconcelos et al. 1997). In water quality 

modeling tools chlorine decay is often simplified to first-order kinetics: 

The first-order reaction scheme is its simplicity and available analytical solution (Kastl et al. 

1999; Loureiro 2002) and the fact that there is need for only one decay coefficient, k (Maier et al. 
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2000). The decay of chlorine in a distribution system is due to both bulk and wall decay 

(Munavalli and Mohan Kumar 2003) and the easiest method to define the overall decay 

coefficient is to use the sum of these two coefficients (Powell et al. 2000b; Loureiro 2002): 

According to previous work (Wang, Masters et al. 2014) the bulk decay is due to chlorine 

reacting with chemicals in the bulk phase and the wall decay is due to chlorine reacting with 

biofilms, consumption of chlorine in the corrosion process and mass transport of chlorine 

between the bulk flow and pipe wall. The decay coefficients should describe these factors, thus 

they are site specific and are required to be verified by field measurements (Vasconcelos et al. 

1997). However, a more complex kinetic model for wall and bulk decay is used within the Water 

cad network modeling package. The kinetic model of water cad tries to include to the decay 

model the mass transfer mechanism by which the chlorine is transferred from the bulk flow to 

the pipe wall. Thus, kW turns into a function of velocity, pipe diameter, pipe length, diffusivity, 

and viscosity (Powell et al. 20001).  

2.5.3 Diffusivity 

 

Diffusivity is measure of the capability of substance or energy to be diffused or to allow 

something to pass by diffusion. According typically compounds diffusion coefficient is 10000 x 

as great in air as in water. Carbon dioxide in air has a diffusion coefficient of 16mm
2 

/s, and in 

water its diffusion coefficient is 0.0016mm
2
/diffusivity has an SI unit of m

2
/s. Refer the 

Appendix c to know the diffusivity of water and others in different temperature. 

2.6 Water Age Analysis 

 

The water age refers to the time it takes for water to travel from a water source to consumers and 

is influenced by water distribution system flow velocities and pipe lengths. Water age is(Batchali 

2013) a general indicator of water quality, with lower water age indicating better water quality. If 

treated water stays in a system a long time before it reaches consumers, disinfectant 

concentration may not be strong enough to control microorganisms that can cause health 

problems. 
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According to (Batchali 2013, Bassey and Egbe Jerome 2016)Hydraulic modeling is the most 

straightforward way to determine water age situations within the water supply area, including 

locations with high water age during standard operations as well as during maintenance. Models 

can calculate water age for any operating condition, such as using various pump controls, 

installing new pipes, and closing valves. These „what if‟ modeling scenarios allow maintenance 

and engineering personnel to evaluate consequences of shutdown on water quality and determine 

the most effective ways to reduce water age, without subjecting customers to methods that don‟t 

work(Hamdy, Moustafa et al. 2014). 

Many water distribution systems experience long retention times or increased water age, in part 

due to the need to satisfy firefighting requirements (Hamdy, Moustafa et al. 2014) Although not 

a specific degradative process, water age is a characteristic that affects water quality; because, 

many toxic effects are time dependent. Typically, the loss of disinfectant residuals and the 

formation of Disinfection bi-products (DBPs) are due to increased water age. 

Chemical processes that can affect distribution system .water quality are a function of water 

chemistry and the physical characteristics of the distribution system itself (for example, pipe 

material and age)(Morris, Audet et al. 1992). However, these processes occur over time, making 

residence time in the distribution system a critical factor influencing water quality. Water age is 

of particular concern when quantifying the effect of storage tank turnover on water quality. It is 

also beneficial for evaluating the loss of disinfectant residual and the formation of disinfection 

by-products in distribution systems.  

The main advantage of a water age analysis when compared to a constituent analysis is that once 

the hydraulic model has been calibrated, no additional water quality calibration Procedures are 

required. Consider a project in which a utility is analyzing mixing in a tank and its effect on 

water quality in an area of a network experiencing water quality problems. If a hydraulic model 

has been developed and adequately calibrated, it can immediately be used to evaluate water age. 

The water age analysis may indicate that excessively long residence times within the tank are 

contributing to water quality degradation (Mahbub, Nahar et al. 2011).  
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 2.6.1 Effects of water age 

 

Water age is a major factor in water quality deterioration within the distribution system. 

According to previous work(Division August 15, 2002 ) there are  two main mechanisms for 

water quality deterioration these are interactions between the pipe wall and the water, and 

reactions within the bulk water itself. As the bulk water travels through the distribution system, it 

undergoes various chemical, physical and aesthetic transformations, impacting water quality. 

Depending on the water flow rate, finished water quality, pipe materials and deposited materials 

(i.e., sand, iron, manganese), these transformations will proceed to a greater or lesser extent.   

Various potential health impacts have been associated with the chemical and biological issues 

identified in (Division August 15, 2002 ). The chemical issues are disinfection by-product, 

formation disinfectant and decay Corrosion. The biological issues are disinfection by-product, 

Biodegradation, Nitrification and Microbial regrowth / recovery / shielding. The physical issues 

are Temperature increase Sediment Deposition Color, Test and odor. 

2.7 Modeling Theory 

Modeling is the process of representing a real-world object or phenomenon as a set of 

mathematical equations (https://www.webopedia.com/TERM/M/modeling.html) as retrieved on 

November 6, 2019. More specifically, the term is often used to describe the process of 

representing 3-dimensional objects in a computer. All 3-D applications, including 

CAD and animation software, perform modeling. 

 Conceptual model, a representation of a system using general rules and concepts 

 Physical model or plastic model, a physical representation in three dimensions of an object, 

such as a globe or model airplane 

 Scale model, a representation of an object which maintains general relationships between its 

constituent aspects 

 Architectural model, a scale model for studying aspects of an architectural design or to 

communicate design ideas 

 Scientific model, a simplified and idealized understanding of physical systems 

https://www.webopedia.com/TERM/M/modeling.html
https://www.webopedia.com/TERM/3/3_D_software.html
https://www.webopedia.com/TERM/C/CAD_CAM.html
https://www.webopedia.com/TERM/A/animation.html
https://en.wikipedia.org/wiki/Conceptual_model
https://en.wikipedia.org/wiki/Physical_model
https://en.wikipedia.org/wiki/Scale_model
https://en.wikipedia.org/wiki/Architectural_model
https://en.wikipedia.org/wiki/Scientific_model
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In Water Distribution Modeling, model-based simulation is a method of mathematically 

calculating the behavior of real water distribution systems (Walski, 2003). To effectively utilize 

the capabilities of distribution system simulation software and interpret the results produced, the 

mathematical principles must be realized. This chapter reviews the principles of hydraulics and 

water quality analysis that are frequently involved in water distribution network modeling 

software. 

2.7.1 Modeling Software’s and Water Quality Analysis 

 

The various modeling software‟s are available. It can be used for designing of water distribution 

network with an appropriate ways. These are classified as below,  

Water CAD: is a hydraulic modeling software package comprised of wide range of functionality 

includes graphical and profiling advancements, flexibility in data archiving and representations, 

and its customization, etc(Sonaje and Joshi 2015).  Many features like hydraulic and water 

quality analysis, steady state and extended period simulations are also made to function with 

enhanced capabilities, strong data management along with AutoCAD and GIS integrations. The 

advantages of Water CAD over other software‟s include simplified model building with 

geospatial modules and water quality modeling, fire flow analysis, optimization and scenario 

management, etc. Water CAD is thus easy to use and versatile water distribution as well as 

quality modeling software packages accepted for variety of applications.  

EPANET is public domain software which can be efficiently used to design any sort of network. 

It provides variety of advantages like water quality analysis, extended period simulation, residual 

chlorine calculations for disinfection, etc. It can also be used to renovate or restore the existing 

water supply systems (http://www2.epa.gov/water-research/epanet as retrieved on November 6, 

2019.) 

According to Ingeduld, (2008) studied the intermittent water supply scheme with two case 

studies of Shillong, India and Dhaka, Bangladesh using EPANET software. The alternate 

emptying and refilling of water pipelines makes it difficult to apply standard EPANET based 

hydraulic models because of low pressure and empty pipes. The intermittent water supply 

systems are highly influenced by the low pressure and “dry pipe” situations and hence 
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adjustment in basic EPANET source code has been carried out so as to design of water 

distribution network is difficult and it take more time for validation. 

Elsheikh M. A., et. al., (2013) has studied water distribution network of Tanta city, Egypt, for the 

design period of 10 years with the help of Water CAD software to check the feasibility of 

existing distribution network with additional network of new pipes to serve new and additional 

areas. The Water CAD software is applied to design and optimize the water distribution network 

considering severe problem of aging of pipes as well as to address the quality of water supplied. 

Therefore it is better to use water cad in water supply distribution modeling 

The study showed how chlorine residuals can differ all over the day at changed locations in a 

distribution system depending on the flow path and residence time of the water reaching a 

location (Clark and Mils 1993). This suggests that the pipe wall is somehow contributing to the 

overall chlorine demand observed in distribution systems. Another study described a network 

model for chlorine residual that used a first-order decay reaction with a unique rate constant for 

each pipe and storage facility (Hsu, Huang et al. 2011). In calibrating their model, the researchers 

noted that smaller pipes off of the main transmission lines required larger decay-rate constants to 

match observed chlorine levels better. This is consistent with the fact that smaller pipes offer a 

larger wall-surface area per unit of flow volume for reaction to occur.  

 Researchers  developed a model for chlorine decay within single pipes under steady-state flow 

conditions that included both bulk-flow reaction and radial diffusion, and subsequent pipe-wall 

reaction of chlorine (Rossman, Clark et al. 1994). The model has been incorporated into a 

general- purpose distribution-system water-quality simulation program called water cad.  

2.7.2 Google earth 

 

According to Google earth manual Google Earth is a three-dimensional software model of the 

earth. It is a commonly used tool to explore the geography of the world and displays satellite 

images of varying resolution of the earth‟s surface. By using Google Earth, one is able to:  

 Search for cities, areas, etc., by name or coordinates 

 Add additional information (e.g., photos) to a map  



19 

 

 Track the development of an area over time  

  Add geographic information (e.g., GPS, GIS)  

 Measure distances and areas  

 Export and share information integrated in a map  

These features make Google Earth a useful tool for sanitation planning, as one can:   

 Gain an overview of a location and spot possible difficulties 

  Assess accessibility and display existing infrastructure  

 Check the expansion of settlements over time  

 

                                                Figure 1 Google earth 

2.7.3 Global mapper 

 

According to Google mapper manual and instruction the Google mapper has The Contour Map 

Manager contains the information required to generate contours for a calculated network, 

organized as follows. 

  Minimum: lowest value to be included in the contour map.  

  Maximum: highest value for which contours will be generated.  

  Increment: step by which the contours increase. The created contours will be evenly 

divisible by the increment, and are not directly related to the minimum and maximum 

values. For example, a contour set with 10 minimum, 20 maximum, and an increment.  
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              Figure 2 Global mapper 

2.8 Sampling Method 
 

To answer the research questions, it is mandatory to collect data from needed places and select a 

sample method. Taking a subset from chosen sampling frame or entire population is called 

sampling (Fox, Hunn et al. 2009, Taherdoost 2016).  Since, there is neither have time nor the 

resources to analysis the entire population apply, sampling is must.   

In general, sampling techniques can be divided into two types (Taherdoost 2016): Probability or 

random sampling and Non- probability or non- random sampling. Before choosing specific type 

of sampling technique, it is needed to decide sampling frame.   Sampling frame is a list of the 

actual cases from which sample will be drawn. The sampling frame must be representative of the 

population.  

1. Probability sampling  

Probability sampling means that every item in the population has an equal chance of being 

included in sample (Taherdoost 2016). Obviously, this is both expensive and time consuming.   
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2. Non probability Sampling   

Non probability sampling is often associated with case study research design and qualitative 

research (Fox, Hunn et al. 2009, Taherdoost 2016). With regards to the latter, case studies tend to 

focus on small samples and are intended to examine a real life phenomenon, not to make 

statistical inferences in relation to the wider population (Yin, 2003). There are two types of Non 

probability sampling: Quota sampling and Purposive or judgmental sampling.  

Quota sampling is a technique for sampling whereby the researcher decides in advance on certain 

key characteristics which will use to stratify the sample.  Interviewers are often set sample quotas 

in terms of age and sex where (Taherdoost 2016).  Purposive or judgmental sampling is a 

strategy in which particular settings persons or events are selected deliberately in order to 

provide important information that cannot be obtained from other choices (Fox, Hunn et al. 

2009). Therefore Non probability sampling technique will be used to conduct the study since 

Non probability sampling is often associated with  design and qualitative research(Fox, Hunn et 

al. 2009, Taherdoost 2016). In collaboration with Bishoftu water supply Company, samples will 

be taken from Bore hole, Reservoir and at households to know the free residual chlorine. System 

optimization will be carried by considering main and secondary loops of pipes. Calibration will 

be conducted through static pressure and extended period. 

2.9 Household Size and Composition  

According to CSA population count of May 2007, the total number of Bishoftu town population 

has been found 100,114 for the year 2007/8. Out of this the male population were 47,936 

(47.88%) and the females were 52,176 (52.12%).  According to Bishoftu town feasibility study 

and survey carried out in the town by the Consultant concludes on a higher household size (about 

4.7 people per household, see Table 1), whereas the average male and female per family is 2.3 

and 2.4 respectively. For the junction and reservoir demand refer appendix A 
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Table 2: Household Size and Family Composition in cheleleka ,Bishoftu town 

 

Description Size 

Average Male per family 2.3 

Average Female per family 2.4 

Average family size 4.7 

  

 

Source: Bishoftu town water supply feasibility study, MCE 

According to (Puli Venkateshwara Rao,  et al. 2005)  the quantity of water required in the houses 

for drinking, bathing, cooking, washing etc. is called domestic water demand and mainly 

depends upon the habits, social status, climatic conditions and customs of the people. As(Puli 

Venkateshwara Rao,  et al. 2005) per IS: 1172-1963, under normal conditions, the domestic 

consumption of water in is about 135 litres/day/capita. But in developed countries this figure 

may be 350 litres/day/capita because of use of air coolers, air conditioners. Average day demand 

is  the sum of adjusted domestic demand, non-domestic demand, and other demands like 

industrial and live stock. When we consider water loss on top of this value we get total Average 

Day Demand.   

The Based on Bishoftu town water supply by considering the design criteria for Ethiopian, urban 

water supply projects prepared by the ministry of water resources published in January 2006, and 

other studies (p-46),the estimated Average day demands for Bishoftu town are 83.3 and 161.56 

for 2012 and 2022 respectively. By using interpolation for 2020 it will be 145.89 which will   set 

approximate as 150cap/d/l. The number of houses(M.PRUDHVI KANTH 2016) is counted by 

using topography map in every grid. 5 members are estimated per house. For the all junction 

demand refer the appendix F. 
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3.  Materials and Methods 

   3.1 Description of the Study Area 
 

The town of Bishoftu owed its birth to the introduction of the Addis Ababa – Djibouti railway 

line. In the process of lying down the track and after completion of the work, a number of 

stations were established along the line. One of these stations evolved to become today‟s 

Bishoftu town. The Town is located between 8
o
45‟ – 8

o
47‟ N longitude and 38

o
56‟ – 39

o
01‟E 

latitude at a distance of 47km south of Addis Ababa and 52 km north of Adama.  

 

 

 

     Figure 3 Location map of Bishoftu Town 

 

The area is found near the western border of the central Rift Valley of Ethiopia and experience 

temperate climate. The mean annual rainfall of the study area is estimated to be about 867.5 mm. 

whereas the 75% and 85% dependable rains are 407mm and 315mm respectively(feasibility  

study, October`, 2010 ). 
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3.1.1. Field sampling studies  

 

Water chlorine residual sampling study was performed at house hold level at different place, 

temperature and time.The initial chlorine is added at end of the month always. Data collected 

from field were performed march 17, 2020 (Tuesday) morning, March 27,202Firayday at mid-

day and April 05/2020 Sunday afternoon at house hold. The laboratory result of   sampling 

points are showed in Tab.2   

 

Figure 4  sampling point at where Samples are collected 

 

3.2 Analysis of chlorine residual in the water distribution system of Cheleleka 

 

The water supply scheme facilities like bore hole, reservoir and pipe layout is observed 

.Discussion on current status of water supply is conducted with Bishoftu water supply staff.  

Quota sampling technique is used for sampling whereby decides in advance on certain key 

characteristics which is used to stratify the sample. Therefore quota  non probability sampling 
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technique is used to conduct the study since Non probability sampling is (Fox, Hunn et al. 2009, 

Taherdoost 2016) often associated with  design and qualitative research 

3.2.1 Chlorine residual Test procedure 

 

 In collaboration with Bishoftu water supply Company, samples is taken from Bore hole, 

Reservoir and at households on February 20-30 /2020 to know the free residual chlorine, water 

age and existence availability of water in the distribution system. Then Water sample is collected 

from, reservoir and borehole two times for each at different times and once at house hold. The 

Collected water sample is analyzed in laboratory by following apparatus and procedure. 

Apparatus: 

 Two 10mg/l Test tube 

 Photometer 

 DPD-1 and DPD-2 

 Crusher 

 Thermometer 

 

                  

   Figure 5: chlorine residual test apparatus and procedure 
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       Procedure:  

The procedure followed to do lab was start by Clean the working area and Wash test tube one 

and two by distilled water. Then adjust photometer for free chlorine test. At the same time, Crush 

DPD one and DPD two by crusher in test tube two . After that add 10 mg/l Distilled water to test 

tube one to use as standard and read the result which will be 0 mg/l. Finally Add 10mg/l sample 

of water in to test tube two which have DPD one and DPD two and inset test in photometer and 

read free chlorine. 

 

 

 

Figure 6 : measuring sample of water temperature by thermometer at field 

 

Google earth 
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Google earth software is used to draw boundary area selected for modeling, to draw pipe layout 

and junction with its exact coordination and elevation. The other function of Google earth is to 

locate place of Bore hole (reservoir) and tank with its exact coordination and elevation, Measure 

distances and areas of water supply and distribution system and Convert selected area map from 

kmz to kml which is readable by global mapper. 

Procedure to be followed to use Google earth: By opening Google earth and selecting the 

location (search research area) by name area is located. Then after go to Add path and draw 

pipeline layout to design water supply system and then adding the place to draw and rename the 

junction to Save the file by name i.e. chaleleka zone. 

To extport the file from kmz to kml file, open the saved file and right click on file name (which 

is in kmz form) then select save as by selecting kml on file name and then save it. 

 

Figure 7: Bishoftu, chalaleka area water supply layout drawn by Google earth 

 

Global mapper 
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Global mapper is used to create contour and identify elevation difference of area and to convert 

kml file into Dwg which is readable by AutoCAD. 

The procedure to be followed to convert kml file into Dwg: open global mapper by select open 

data file and select the file folder which was saved in kml form by Google earth previously. Then 

go to tools and select configuration to make adjustment as our country zone by: selecting 

projection and make it UTM, select zone datum and make it ANDIDAN, go to file, select export, 

select export vector/Lidar format and select DWG format. 

The procedure needed to create contour to know elevation difference: Open global mapper, Open 

file saved after configuration by global mapper previously. Then, Go to file, Select down load 

online imaginary /Topo, Select  SRTM worldwide elevation, Select connect, Select STRM. Then 

go to analysis, Select Generate contours, Adjust contour interval, Select contour bounds and then 

select draw box and draw.  

After that, Go to file, Select export, export elevation spatial data base, Select DWG, Select draw 

boundary and draw it and Select ok then save it. 

 

 

   Figure 8: contour map of Bishoftu,cheleleka water supply layout  by global mapper 

 

Auto CAD: AutoCAD is used to draw discontinuous line and used to convert Dwg file to DXF 

file format which can be read by water cad. 
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Water CAD 

The Model is calibrated and Validated by using Water CAD software depending on the data 

obtained from above software‟s and laboratory results (chlorine residual concentration). 

Temperature is obtained from field test in different week 1, 2 and 3 by using thermo meter as 

showed in table 5, 6 and 7. Chlorine residual concentration is analyzed depending on result from 

laboratory and Software modeling.  The procedure to be followed for chlorine residual analysis 

by water cad is: Open water cad and file saved by auto cad in DXF format.  Then inter all 

necessary data for pipe, junction, and reservoir, source and bore whole and make run until green 

color is lighted for calibration and validation. To analysis select alternatives, constituent, add and 

rename alternatives‟ i.e. chlorine injection. After that select constituent and we get constituent 

library to insert and edit for unlabeled and rename unlabeled which is diffusivity value for 25.8 

degree Celsius is 1.464*10
-7 

from appendix C by interpolation. Under reaction rate bulk reaction 

order is 1 from -literature, bulk reaction rate is -0.12ppb/day from equation 2.3 and appendix D 

and Table calculation by excel. Wall reaction orders is negative 0.012 from literature which 

mean ten percent of bulk reaction rate. The result obtained in this study is very closely agreed 

with other studies where the kb values were reported between 0.002–0.09 h–1 range(Rossman, 

Clark et al. 1994, Seyoum and Tanyimboh 2017)   

Under constituent select chlorination and inter  initial chlorine constituent for pump/Bore, tank 

and junction which  is 2mg/l,1mg/l and 1.1mg/l, respectively from table 2 below which is initial 

chlorine added by Bishoftu water supply enterprise in per month . 

 

 

 

 

 

            Table 3: Initial chlorine at junctions 
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no Junction at different area Initial chlorine mg/l  

1 J 12 1.1 

2 J 11 1.1 

3 J 10 1.1 

4 J 9 1.1 

5 J 8 1.1 

6 J 7 1.1 

7 J 6 1.1 

8 J 5 1.1 

9 J 4 1.1 

10 J 3 1.1 

11 J 2 1.1 

12 J 1 1.1 

13 Pump/Borehole 2 

14 Tank/Reservoir 1 

 

Source: Bishoftu Town water supply  

 

Then go to analysis again and select scenario, constituent scenario management and select add 

child scenario. Rename scenario as chlorine Analysis and finish. 

Cheleleka water supply and water distribution system is designed using the Google earth, Global 

mapper and Water CAD, software.   

3.3  Water age analysis in the water distribution system of Cheleleka 

 

The water supply scheme facilities like bore hole, reservoir and pipe layout is observed 

.Discussion on current status of water supply is conducted with Cheleka water supply staff. Then 

Water sample will be collected from, reservoir and borehole at different times for house hold. 

The Collected water sample will be analyzed chlorine residual in laboratory .Cheleleka water 

supply and water distribution system will be designed using the Google earth, Global mapper 

and Water CAD, software. The study will be used the different data sources to produce 
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respondents‟ and archival documents. These respondents‟ and archival documents will be from 

different primary and secondary source. Primary source are: software analysis result, household 

sample, Observation, and Stake holder consultation The secondary data for this research are: 

Cheleleka  town water supply Feasibility study, scientific and technology Research‟s and 

published materials. 

Google earth software is used to Draw boundary area selected for modeling, Draw pipe layout 

and junction with its exact coordination and elevation, locate place of Bore hole (reservoir), and 

tank with its exact coordination and elevation. Measure distances and areas of water supply and 

distribution system .Convert selected area map from kmz to kml which is readable by global 

mapper. Global mapper will be used to create contour and identify elevation difference of area 

and to convert kml file into Dwg which is readable by AutoCAD. 

The procedure to be follow for Water age analysis in the water distribution system of Cheleleka 

by water cad; Open water cad  file saved by auto cad in DXF format Inter all necessary data for 

pipe, junction, reservoir, source  and bore hole  and make run until green color is lighted for 

calibration and validation .Go to analysis and Select alternatives. Then High light/select age. To 

rename age alternative as initial age 1 or any number then close .Then go to analysis and select 

scenarios by Selecting  age ,Select scenario management and select add child scenario to rename 

scenario as age Analysis and complete. Select age and then select initial age 1 what was renamed 

before, then go to calculation and select extended period and adjust time as needed. After that 

tick age under water analysis and close. To finalizes go to batch run, Select age analysis Select 

batch. 

3.4 Performing trace analysis of water in the water distribution system of Cheleleka 

 

The hydraulic modeling and analysis of the Bishoftu town at Chalalaka area (Zone 5) water 

distribution system will be executed with the software water CAD heisted 6.5 and Water CAD 

V8i, which are a powerful tool to assist in the design and analysis of complex pressured water 

age and trace water in systems.   

The procedure to be follow to Performing trace analysis of water in the water distribution system 

of Cheleleka by water cad; By Opening  water cad Open file saved by auto cad in DXF format  
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to inter all necessary data for pipe, junction, reservoir, source  and bore hole  and make run until 

green color is lighted for calibration and validation. To analysis by tracing analysis method, go to 

analysis and Select alternatives high light/select Trace and add. Then rename Trace alternative as 

trace analyses for tank then complete it. Then in trace node select Trace for Tank then close. 

Again go to analysis and select scenarios to Select trace and Select scenario management and 

select add child scenario and rename scenario as Trace Analysis and ok. After that Select Trace 

and then select Trace for Tank what was renamed before .Then go to calculation and select 

extended period to adjust time as needed. After that Tick trace under water analysis and 

complete.  Finally go to batch run and Select Trace analysis by Select batch and complete. 

3.4 Data Analysis  
 

Data shall be recorded, organized and summarized by using statically data analysis which is 

performed by Water CAD versions (V6) to latest version (V8i) software. Each version has new 

options and more possibilities to be useful to any water supply design and to do complex 

hydraulic analysis and ensure water quality in any distribution system. This software is used to 

perform steady-state and extended hydraulic analysis of water distribution network. Results will 

be analyzed using this statistical software analysis, and the results presented in a descriptive 

statistics such as means, correlations measures, ANOVAs, regressions, tables and graphs where 

needed. 
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4. RESULT AND DISCUSSION 

4.1 Analysis of chlorine residual in the water distribution system  
 

Residual chlorine concentration is the pointer to ensure the quality of water in the water network 

because it eliminates contaminants in the distribution network from beginning of the borehole 

down to the consumer. Bishoftu town water supply adds the initial chlorine on the borehole, 

Reservoirs and some junctions once per month as their schedule.  

Residual chlorine concentration in the main different junction has been measured in first week, 

as shown in Table 4 to know the residual chlorine after spreading in the network. In the first 

week, the  numbers shows the high percentage of residual chlorine(Hamdy, Moustafa et al. 2014) 

which can lead to problems at human health especially the near from reservoir and where initial 

chlorine is added.  

Table 4 laboratory result of chlorine residual in 8
th

 after day addition of initial chlorine 

 

No 

  

Sampling 

point 

Distance from 

Reservoir km 

Free 

chlorine 

(mg/l) 

Water 

temperature (C
°
) 

Standardization 

1 J12 1.35 0.823 23.15 0.0321 

2 J11 1.6 0.757 23.21 0.0115 

3 J10 2.3 0.753 23.28 0.0058 

4 J9 2.35 0.697 23.35 0.0115 

5 J8 2.8 0.660 23.55 0.0100 
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6 J7 2.85 0.583 23.61 0.0058 

7 J6 3.1 0.570 23.65 0.0100 

8 J5 3.8 0.567 23.68 0.0058 

9 J4 3.95 0.540 23.71 0.0100 

10 J3 4.1 0.523 24.01 0.0153 

11 J2 4.35 0.523 24.11 0.0115 

12 J1 4.65 0.513 24.15 0.0153 

Average    23.62167 

 
 

 

Based on the laboratory result of residual chlorine in 8
th

 day after addition of initial chlorine, 

demand on junction near the source i.e. the consumer near to where the initial chlorine injected is 

over dosage of free chlorine when we compare with the result of WHO as explained in section 

2.4.1.which state the chlorine residual must be in range of 0.2mg/l to 0.5mg/l. And also, the 

distance from where initial chlorine added into water has direct effects on the chlorine residual 

throughout the distribution system. Additionally the elevation of junctions has effects on the 

residual chlorine in the system. On other hand there is over dosage of chlorine residual at first 

week and short distance which Couse for the color change and having taste of drinking water. To 

balance this problem of distance, and traveling time age, the chlorine concentration at the ground 

level water storage reservoir should be stepped up to ens7ure durable residual chlorine that will 

go round circulation.  
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Figure 9:  chlorine residual vs. Distance from reservoir 

Depend on data collected during first week, second week and third week at morning, mid-day 

and afternoon period respectively as distance increase residual chlorine amount in the system is 

decrease. As discussed in figure above, sign and value of this correlation coefficient (r) indicate 

the nature and strength between the residual chlorine concentration and distance which is 

collected during first week, second week and third week at morning, mid-day and afternoon 

period from the reservoir. Therefore from this result, as increase in the distances there is decrease 

in the residual chlorine concentration. Additionally, the value of correlation coefficient is ranged 

between 0.75-1, since the result indicate that, the association between the variable is strong 

correlation. 

The residual chlorine concentration decreases with distance increasing this result is agreed with 

previous work(Bassey and Egbe Jerome 2016). The distance water travelled in system has direct 

cause for decrease in residual chlorine concentration. A linear relationship was detected between 

residual chlorine concentration and change in chlorine concentration with time. From the 
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regression model, the R square value, has been the coefficient of correlation of the regression, 

shows that, for first week 90%, second week 94.8% and third week 94.3% of the total variation 

of the chlorine concentration in the t the water distribution system. 

Table 5:Anova Single Factor 

Anova: Single Factor      

SUMMARY       

Groups Count Sum Average Variance SD  

J1 3 1.45 0.483333 0.113233 0.225019  

J2 3 1.35 0.45 0.09 0.230478  

J3 3 1.46 0.486667 0.076033 0.253574  

J4 3 1.29 0.43 0.0508 0.246644  

J5 3 1.08 0.36 0.0643 0.243311  

J6 3 1.05 0.35 0.0399 0.213854  

J7 3 0.84 0.28 0.0604 0.219393  

J8 3 0.82 0.273333 0.062533 0.228108  

J9 3 0.86 0.286667 0.045633 0.225389  

J10 3 0.82 0.273333 0.044033 0.222785  

J11 3 0.75 0.25 0.0511 0.242693  

J12 3 0.62 0.206667 0.066133 0.240069  

   0.344167    

ANOVA       

Source of 

Variation 

SS df MS F P-value F crit 

Between Groups 0.311275 11 0.028298 0.444409 0.919054 2.216309 

Within Groups 1.5282 24 0.063675    

       

Total 1.839475 35         

 

To determine whether any of the differences between chlorine residual and distance from the 

source whether statistically significant or not, compare the p-value to your significance level to 

assess the null hypothesis.  As stated in the above table, the P-value are greater than significance 

level of (α =5%): Therefore, from this point of view, the p-value is greater than the significance 

level, it do not have enough suggestion to reject the any of the variable i.e. all are equal 
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importance to fulfill the objective of the study. Verify that the test has enough power to detect a 

difference that is practically important in doing the research. 

 

 

 

 

 

 

 

 

 

 

Table 6 laboratory result of chlorine residual in 18
th

 day after addition of initial chlorine 

No 

  

Sampling 

point 

Distance 

from 

Reservoir 

(km) 

Free 

chlorine 

(mg/l) 

Water 

temperature 

(C°) 

 

1 J12 1.35 0.45 25.1 0.0100 

2 J11 1.6 0.411 25.22 0.0055 

3 J9 2.3 0.35 25.31 0.0100 

4 J10 2.35 0.29 25.35 0.0153 

5 J7 2.8 0.25 25.35 0.0100 

6 J8 2.85 0.22 25.41 0.0100 
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7 J6 3.1 0.18 25.45 0.0153 

8 J5 3.8 0.16 25.45 0.0058 

9 J4 3.95 0.13 25.52 0.0058 

10 J3 4.1 0.11 25.51 0.0058 

11 J2 4.35 0.1 25.50 0.0058 

12 J1 4.65 0.1 25.50 0.0000 

Average    25.38917 

 
 

 

As shown in table 6 above of laboratory result, in second week (18day after initial chlorine 

addition) amount of residual chlorine in system is in range of WHO standard for most of area. 

But still in this week also there is insufficient amount of chlorine residual (less than 0.2mg/l) in 

some junction like J1, J2, J3 and J4 which are far from point of where initial chlorine is applied. 

This show the amount of residual chlorine initially added must be minimized and time of 

applying times (Frequency) must be increased to keep the chlorine residual constant through the 

month. 

 

Table 7  laboratory result of chlorine residual in 28 
the 

day after addition of initial chlorine
 

 

No 

  

Sampling 

point 

Distance 

from 

Reservoir 

(km) 

Free 

chlorine 

(mg/l) 

Water 

temperature 

(C°) 

Sampling 

time(local 

time) 

1 J12 1.35 0.38 26.45 0.015275252 

2 J11 1.6 0.31 26.35 0.025166115 

3 J10 2.3 0.28 26.31 0.01 

4 J9 2.35 0.24 26.31 0.011547005 

5 J8 2.8 0.21 26.25 0.01 
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6 J7 2.85 0.2 26.24 0.005773503 

7 J6 3.1 0.18 26.25 0.01 

8 J5 3.8 0.17 26.18 0.005773503 

9 J4 3.95 0.15 26.15 0.005773503 

10 J3 4.1 0.14 26.15 0.005773503 

11 J2 4.35 0.08 26.13 0.52 

12 J1 4.65 0.07 26.05 0.421465697 

average    26.235 

 
 

 

As shown in table 7 above the amount of residual chlorine in cheleleka water distribution system 

is  low or below WHO standard.as(Hamdy, Moustafa et al. 2014) when the amount of residual 

chlorine in water distribution system is below  WHO standard(0.2mg/l)  it Couse for the growth 

of microorganism in drinking water which  affects community health . 

The other researcher (Hamdy, Moustafa et al. 2014) has the same result by discussing the factor 

Couse for the low amount chlorine residual as it stay in the system. There are three factors 

influencing at chlorine consumption:  1) As chlorine residual stay in system it reacts with organic 

and inorganic chemicals 2) The consumption of chlorine due to reactions with biofilms at the 

distribution pipe wall. 3) The consumption of chlorine in the corrosion process 

4.1.1. Results of Residual Chlorine at Water CAD after Adding the Actual Residual 

Chlorine  

 

This part present the results of residual chlorine in water distribution system by adding initial 

chlorine dose which was added in to the source, tank and junctions, to know the difference 

between the existing and software results. Table 3, 5&6 shows the residual chlorine in Bishoftu, 

chaleleka water supply system that‟s spread in water distribution network. Appendix A shows 

the results of residual chlorine at WaterCAD software.  

WaterCAD software is used to make hydraulic analysis and calibration of residual chlorine in 

water distribution network to know the initial chlorine dose which should be added at necessary 

point and to know the areas of strength and weakness in the concentration of free residual 
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chlorine in the water distribution network. In addition different scenarios have been found to 

know the free residual chlorine at the weakness areas after injecting chlorine in some junctions 

and water pipe distribution network on the residual chlorine. Using water cad software residual 

chlorine concentration at different time period is obtained. For example problem at different 

junction, Figures 10 and 11 indicate the residual chlorine concentration obtained for different 

week and place are presented. 

 

 

Figure 10 : Bishoftu ,chaleleka area  chlorine residual in first  week 
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Figure 11 : Bishoftu ,chaleleka area  chlorine residual in 2
nd

  week 
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Figure 12 : Bishoftu ,chaleleka area  chlorine residual in 2
nd

  week 

The fig: 10 Present of water cad software results, variation of residual chlorine concentration 

with distance depend on the initial chlorine. It was observed that, the residual chlorine 

concentration decreases as distances increases. Based on previous work done by (Bassey and 

Egbe Jerome 2016) by referring  Hossein et al (2012) on effect of residence time to water quality 

they report  that ,bacteria growth  has direct relationship with water age, distance travelled and 

residence time, it was concluded that distance travelled increase bacteria growth, chlorine 

consumption and hydraulic change in the distribution system. Hence, by the comparison of the 
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previous work done by Bassey and Egbe Jerome 2016 and Hossein et al, this research work on 

residual chlorine decay in water distribution network, it was concluded that the distance travelled 

had been the major causes of decrease in residual chlorine concentration, increase bacteria 

growth, chlorine consumption, which led to the outbreak of cholera and typhoid at third week 

and far distance from where initial chlorine is added.  

 

Based on the result of model output indicated in figure 11, line of water distribution network 

which are drawn by green color have normal chlorine residual concentrations due to their 

magnitude is found in recommended range as compared with WHO standard (chlorine residual 

must be ranged between 0.2 to 0.5 mg/l). In other hand,  line of water distribution layout which 

are drawn by blue and pink color is the area which is out of the range and the amount of initial 

chlorine added into the junction found near these are must be reduced. 
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Figure 13 : Bishoftu ,chaleleka area  chlorine residual in 3
rd

 week 

Again from the result of model output as indicated in figure11, there are a distribution lines 

which have low free chlorine residual in this 3
rd

 week.  As a result, the distribution network 

drawn by red color indicates that, chlorine residual found in this area are less than the value 

recommended by WHO standard (chlorine residual must be ranged between 0.2 to 0.5 mg/l). 

From this result, this distribution network which has low free chlorine residual can lead to the 

growth of microorganism and reduce water quality before reach to the end user. Therefore, 

ensuring water quality in the distribution network by adding chlorine dose in water are less than 

the existing dose which has been added in the reservoir. It is possible to maintain the percentage 

of free residual chlorine concentration at different locations without relying on adding chlorine 

only in water treatment plant by injecting low percentage of chlorine dose in the junctions.  

Table 8 Anova: Single Factor 

Anova: Single Factor 
     

       SUMMARY 
      Groups Count Sum Average Variance 

  1st week 2 1.295 0.6475 0.002113 
  2nd week 2 0.5 0.25 0.0018 
  3rd week 2 0.46 0.23 0.0018 
  

       

       ANOVA 
      Source of Variation SS df MS F P-value F crit 

Between Groups 0.221808333 2 0.110904 58.24289 0.003978 9.552094 

Within Groups 0.0057125 3 0.001904 
   

       Total 0.227520833 5         

       
To determine whether any of the differences between chlorine residual and distance from the 

source whether statistically significant or not, compare the p-value to your significance level to 

assess the null hypothesis.  As stated in the above table, the P-value are less than significance 

level of (α =5%): Therefore, from this point of view, a p-value less than 0.05 (typically ≤ 0.05) is 
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statistically significant. It indicates strong evidence against the null hypothesis, as 0.0039 is less 

than a 5% probability the null is correct (and the results are random). Hence, we can conclude 

that not all of chlorine residual in all three week are equal but they are significant with their 

distance (independent variable). 

 

Figure 14 Regression analysis of lab result vs. water cad result 

As discussed in figure 12, correlation between the residual chlorine concentration from 

laboratory result and chlorine residual from model output was analyzed. From this result, 

association between these variable was direct relationship with each other as we observe from 

the graph. Therefore, the values of correlation coefficient for both variables are ranged between 

0.75-1, since the result indicate that, the association between the variable is strong correlation. 
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Figure: 15 Comparison of lab result and water cad result 

 

As indicated in figure13, the results show that, there is the regular relationship between the 

model and laboratory result of chlorine residual in which magnitude of chlorine residual decrease 

as increase in numbers of week. However, residual chlorine in water distribution system after 

calibration by adding initial residual chlorine which was added at the bore hole, reservoir and 

junction to know the difference between the existing and software results. There are significant 

differences between the existing and software results. Previous work described that, it is 

expected(Hamdy, Moustafa et al. 2014) that the differences between the existing and modeling 

results are come from; contamination in the water network, dead end & tree type of water 

network, difference between software conditions and the other variables in fact, temperature 

difference between existing and software condition 25c, differences between each chlorine 

dose& discharge, differences between existing and calculated consumption rate by equations. 
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4.2 Water age analysis in the water distribution system of Cheleleka 

 

Water Age analysis for the entire system is carried out using water cad water quality model.  

 

Water Age analysis is performed for this study area, where a transfer main supplies .Water age 

simulated for 30-day (720 hrs.) period shows that, it would take 53hrs for water to travel in pipe 

diameter averagely. Furthermore, location of Reservoir (tank) had direct impact on „travel 

time‟(Batchali 2013). Water Age analysis carried for this study area are shown in fig 15 and fig 

16,  since traveling time from reservoir to consumer is increased with increase in distance from 

reservoir and elevation of junction and pipe diameter. Stagnated water (high water age) was 

observed at dead ends and mainly in the low elevation area. Furthermore, field investigations 

could be carried out at stagnation points to understand the water quality issues in the network, 

which are important or environmentally constrained areas. Therefore, as we observe from the fig 

15, water age and distance from the source has direct relation with each other i.e. as distance 

along the pipe walk increase water age in system also increase. 
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Figure 16  water age vs. distance from tank to junctions 

 

Time taken for water to travel from Reservoir to the system is given below in Appendix E. 

Different scenarios of pumping station at cheleleka are analyzed for water age. From the table, it 

is observed that travel time is longer for higher diameters. 

  

Stagnation Points for water in the cheleleka   network are analyzed using this water age 

simulation.  It  is  observed   figure 13 that  dead ends  of  the Cheleleka  network  have  old  

waters,  as  old  as  simulation  period.  Also, low elevation area has 80 – 120 hrs. Old water (red 

and magenta color).  At  some  places  in  the  network, water  is as  old as  100 – 150 hrs. (Red 

color in Fig. 15). These locations affect the mixing of water in the network.  
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------

 

Figure 17 Bishoftu,cheleleka maximum  water age   

Analysis of water age in distribution system is initially carried out and the results are compared 

with different water quality standard.  Depend up on EPA and WHO water quality standard, 

water age in distribution network should be ranged from 2 to 3 day. Based on the model result , 

calculated water age is ranged out of the recommended value and it leads the water to have color, 

test and odor water and again reduce the quality of water.  

 

The previous research (Fox, Hunn et al. 2009) show  that water age analysis, water age  tanks( 

reservoir) is set to zero by default. In comparison water in tanks take some time to achieve a 

stable water age, whereas water in  pipes quickly ages as volume in any pipe is small compared 

with tanks.Fig.14 show that water age is near to zero but very insignificant  amount of water  

stay in reservoir even for 450hr i.e. for  two week. 
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4.3 Performing trace analysis of water in the water distribution system  
 

The trace Analysis presents the percentage of water at all nodes and links in the system of 

Bishoftu chaleleka water distribution system. In systems with more than one source, it is 

common to perform multiple trace analyses using the various trace nodes in following analyses.  

 

 

 
 

                        Figure 18 : water in system trace analysis  

As presented in fig.17 Bishoftu ,chelelka water supply system ,it show that the green color 

indicates only 15%  amount of water exist in the system which mean that very low amount of 

water is available for the demand that is  why it is area which has high elevation and far from 

source. Therefore at these area no need of initial chlorine addition at the junctions to balance 

chlorine residual in the system. On other hand these area has low water age. The red color 

legends show 65% to 95%  amount of water is exist in the water distribution system which is 

happen near to the source i.e. bore hole and area which have low elevation. These areas have 
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high water age and low chlorine residual which need more initial chlorine to disinfect germs and 

bacteria in the water. 
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5. Conclusion and Recommendation 

5.1 Conclusion 

 

The existing water supply system of Bishoftu town uses only chlorination to treat water because 

its source is ground water, but, It is difficult to know at which point chloride injection is needed 

for the disinfection .The water supplied to the town has taste, odor, color and high temperature 

problems. Therefore it needs research to solve these problems by modeling and check the 

chlorine residual management is within an acceptable level or not by chlorine residual analysis 

and water age analysis for problems as a solution. To measure the water quality condition of 

Bishoftu,chaleleka zone  water supply network system, modeling of chlorine residual analysis 

and water age analysis was prepared.  

 

The methodology followed to predict and estimate quality of drinking water, modeling and 

analysis is performed by using advanced software program. WaterCAD software has been used 

to make hydraulic analysis and calibration of residual chlorine and water age analysis in water 

distribution network to know the ideal chlorine dose that should be added at the appropriate 

location and to know the areas of strength and weakness in the concentration of free residual 

chlorine in the water distribution network. 

Based  on laboratory result and estimated water cad result  showed there is the problem on 

chlorine residual and water age which is  affected by different scenario i.e. distance ,duration and 

elevation. Bishoftu,chaleleka area suffer from decreasing and poor quality of drinking water 

which led to emergence of many dangerous diseases. 
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5.2 Recommendations 
 

To ensure water quality use of water quality modeling has big advantage. The models can 

correctly simulating the flow conditions encountered at the site and analysis quality of water. To 

be more economical and useful, disinfection by low chlorine concentration can be used in water 

network after using software, because the operator can know the perfect doses of chlorine that 

will be added. That will lead to saving cost and use of a difference in cost in using other 

disinfection methods by applying disinfection only at needed location. Decline in the 

concentration of free residual chlorine at some locations in water network is related to:  The 

distance from where initial chlorine is added and the long duration. By using advanced software 

programs such as Water-CAD, it turns out that it is possible to maintain the percentage of free 

residual chlorine concentration at different locations without relying on adding chlorine only in 

reservoir and only in month once but it is possible to ad at needed time and place by using this 

software. The sudden decrease and increase of water consumption case without increasing 

chlorine dose, leads to decreasing in residual chlorine concentration at many different locations 

water age problem.   

Generally free chlorine concentration control system must be provided in Bishoftu water supply, 

cheleleka area. Chlorine is injected at the borehole, reservoir and junction. Injection of initial 

chlorine at the borehole, reservoir and junction must be controlled to keep with concentration 

measured with water quality standard.  

As suggestion; the future works are recommended that to focus on hydraulic modeling effort of 

other Bishoftu area and different season shall be consider since it have different situations and 

have different impacts on water age and chlorine residual in the system. 
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APENDEX A: SCENARIO: CHLORINE ANALYSIS  
 

Constituent analysis: 218hr/360 (after 10day) junction Report 

Label Elevation 
(m) 

Zone X (m) Y (m) Initial 
Constitu

ent 
(mg/l) 

Calcul
ated 
Conc
entrati

on 
(mg/l) 

Demand 
(Calculated) 

(l/s) 

1 0.00 Zone 497,478
.41 

967,692.94 1.00 0.47 1.50 

J-1A 1,987.00 Zone 497,350
.95 

968,959.86 1.00 0.37 1.50 

J-2B 1,897.00 Zone 497,406
.69 

968,955.49 1.00 0.41 1.50 

J-3C 1,938.00 Zone 497,438
.87 

967,618.87 1.00 0.48 1.80 

J-4D 1,926.00 Zone 497,361
.99 

968,109.50 1.00 0.45 2.60 

J-5E 1,905.00 Zone 496,893
.18 

967,902.02 1.00 0.44 1.80 

J-6F 1,915.00 Zone 496,976
.50 

967,144.65 1.00 0.46 3.50 

J-7G 1,939.00 Zone 497,228
.20 

967,286.27 1.00 0.47 2.80 

J-8H 1,912.00 Zone 497,195
.93 

968,186.66 1.00 0.43 4.44 

J-9  I 1,925.00 Zone 497,225
.47 

967,384.17 1.00 0.45 4.50 

J-10J 1,922.00 Zone 496,958
.21 

967,482.96 1.00 0.46 3.50 

J-11 K 1,932.00 Zone 497,571
.80 

968,505.71 1.00 0.41 2.30 

J-12L 1,902.00 Zone 497,278
.45 

968,682.13 1.00 0.42 3.20 

J-13 1,927.00 Zone 497,388
.59 

968,157.34 0.00 0.45 1.50 

J-14 1,935.00 Zone 497,683
.76 

968,708.26 0.00 0.41 2.90 

J-15 1,939.00 Zone 497,452
.84 

967,648.92 0.00 0.47 3.60 

J-16 1,926.00 Zone 497,582
.87 

966,988.90 0.00 0.48 1.50 

J-17 1,930.00 Zone 497,877
.41 

969,029.90 0.00 0.36 0.90 

J-18 1,903.00 Zone 497,046
.67 

968,818.57 0.00 0.40 1.70 

J-19 1,898.00 Zone 497,600
.50 

969,314.10 0.00 0.37 1.60 

J-20 1,917.00 Zone 496,817
.12 

967,537.64 0.00 0.46 1.80 

J-21 1,915.00 Zone 496,757
.43 

967,355.44 0.00 0.47 2.60 

J-22 1,914.00 Zone 496,740
.60 

967,146.14 0.00 0.47 3.40 

J-23 1,899.00 Zone 496,740 967,998.75 0.00 0.44 3.40 
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.60 

J-24 1,899.00 Zone 496,773
.39 

967,707.26 0.00 0.45 2.90 

J-25 1,895.00 Zone 496,556
.57 

967,663.55 0.00 0.44 4.20 

J-26 1,924.00 Zone 497,015
.13 

967,603.97 0.00 0.46 1.90 

J-27 1,950.00 Zone 497,262
.65 

967,498.40 0.00 0.47 2.50 

J-28 1,913.00 Zone 497,387
.79 

967,886.14 0.00 0.46 3.60 

J-29 1,908.00 Zone 497,067
.72 

968,245.25 0.00 0.43 5.40 

J-30 1,941.00 Zone 497,632
.97 

967,978.48 0.00 0.46 3.50 

J-31 1,922.00 Zone 497,571
.41 

966,892.74 0.00 0.48 3.20 

J-32 1,956.00 Zone 497,430
.95 

967,430.29 0.00 0.48 1.30 

J-33 1,909.00 Zone 496,995
.90 

967,850.46 0.00 0.45 3.20 

J-34 1,904.00 Zone 497,151
.76 

967,775.85 0.00 0.46 3.60 

J-35 F 1,907.00 Zone 497,327
.52 

967,712.84 0.00 0.47 3.40 

J-37 A 1,922.00 Zone 496,954
.60 

967,270.19 0.00 0.47 1.50 

J-38 1,924.00 Zone 496,972
.83 

967,127.08 0.00 0.47 2.40 

J-39 1,914.00 Zone 496,992
.73 

967,040.86 0.00 0.47 4.30 

J-40 1,914.00 Zone 497,957
.31 

968,946.18 0.00 0.43 4.10 

J-41 1,911.00 Zone 497,657
.60 

969,027.32 0.00 0.38 2.10 

J-42 1,957.00 Zone 497,989
.23 

968,268.22 0.00 0.38 3.20 

J-105 1,901.00 Zone 496,787
.91 

967,725.14 0.00 0.45 3.60 

J-106 1,900.00 Zone 496,622
.03 

967,841.26 0.00 0.44 3.50 

J-107 1,897.00 Zone 496,544
.62 

967,324.26 0.00 0.47 1.40 

J-108 1,896.00 Zone 496,420
.20 

967,437.61 0.00 0.45 2.50 

J-110 1,936.00 Zone 497,833
.83 

968,352.90 0.00 0.45 1.50 

J-111 1,933.00 Zone 497,934
.97 

968,550.21 0.00 0.45 3.60 

J-112 1,913.00 Zone 497,896
.84 

968,830.43 0.00 0.44 2.90 

J-113 1,931.00 Zone 498,021
.19 

968,737.58 0.00 0.42 1.20 

J-114 0.00 Zone 497,552
.47 

967,194.98 0.00 0.48 0.00 

J-115 1,956.00 Zone 497,785
.82 

967,131.18 0.00 0.49 0.00 

J-116 0.00 Zone 497,700
.22 

967,348.17 0.00 0.50 0.00 
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APPENDIX   B: SCENARIO: AGE ANALYSIS: 10:00HR/720:00 

JUNCTION REPORT 

 

Label Elevati
on (m) 

X (m) Y (m) Demand 
(Calculat
ed) (l/s) 

Calculated Age (hr) 

J-1 1,987.
00 

497,350.95 968,959.86 1.50 6.83 

J-2 1,897.
00 

497,406.69 968,955.49 1.50 16.61 

J-3 1,938.
00 

497,438.87 967,618.87 1.80 68.16 

J-4 1,926.
00 

497,361.99 968,109.50 2.60 85.31 

J-5 1,905.
00 

496,893.18 967,902.02 1.80 76.89 

J-6 1,915.
00 

496,976.50 967,144.65 3.50 68.16 

J-7 1,939.
00 

497,228.20 967,286.27 2.80 68.16 

J-8 1,912.
00 

497,195.93 968,186.66 4.44 28.60 

J-9 1,925.
00 

497,225.47 967,384.17 4.50 101.48 

J-10 1,922.
00 

496,958.21 967,482.96 3.50 68.16 

J-11 1,932.
00 

497,571.80 968,505.71 2.30 9.21 

J-12 1,902.
00 

497,278.45 968,682.13 3.20 7.66 

J-13 1,927.
00 

497,388.59 968,157.34 1.50 77.94 

J-14 1,935.
00 

497,683.76 968,708.26 2.90 8.16 

J-15 1,939.
00 

497,452.84 967,648.92 3.60 68.16 

J-16 1,926.
00 

497,582.87 966,988.90 1.50 68.16 

J-17 1,930.
00 

497,877.41 969,029.90 0.90 107.82 

J-18 1,903.
00 

497,046.67 968,818.57 1.70 6.50 

J-19 1,898.
00 

497,600.50 969,314.10 1.60 59.90 

J-20 1,917.
00 

496,817.12 967,537.64 1.80 67.60 

J-21 1,915.
00 

496,757.43 967,355.44 2.60 68.16 

J-22 1,914.
00 

496,740.60 967,146.14 3.40 68.16 

J-23 1,899.
00 

496,740.60 967,998.75 3.40 41.34 

J-24 1,899.
00 

496,773.39 967,707.26 2.90 71.50 

J-25 1,895.
00 

496,556.57 967,663.55 4.20 76.62 
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J-26 1,924.
00 

497,015.13 967,603.97 1.90 73.08 

J-27 1,950.
00 

497,262.65 967,498.40 2.50 68.16 

J-28 1,913.
00 

497,387.79 967,886.14 3.60 68.16 

J-29 1,908.
00 

497,067.72 968,245.25 5.40 36.50 

J-30 1,941.
00 

497,632.97 967,978.48 3.50 68.16 

J-31 1,922.
00 

497,571.41 966,892.74 3.20 14.02 

J-32 1,956.
00 

497,430.95 967,430.29 1.30 68.16 

J-33 1,909.
00 

496,995.90 967,850.46 3.20 78.14 

J-34 1,904.
00 

497,151.76 967,775.85 3.60 70.66 

J-35 1,907.
00 

497,327.52 967,712.84 3.40 68.16 

J-37 1,922.
00 

496,954.60 967,270.19 1.50 68.16 

J-38 1,924.
00 

496,972.83 967,127.08 2.40 68.16 

J-39 1,914.
00 

496,992.73 967,040.86 1.50 68.16 

J-40 1,914.
00 

497,957.31 968,946.18 4.10 42.39 

J-41 1,823.
00 

497,657.60 969,027.32 2.10 4.87 

J-42 1,957.
00 

497,989.23 968,268.22 1.50 9.33 

J-105 1,823.
00 

496,787.91 967,725.14 2.00 73.04 

J-106 1,923.
00 

496,622.03 967,841.26 1.00 65.09 

J-107 1,897.
00 

496,544.62 967,324.26 1.40 68.16 

J-108 1,896.
00 

496,420.20 967,437.61 2.50 73.52 

J-110 1,936.
00 

497,833.83 968,352.90 1.50 108.86 

J-111 1,933.
00 

497,934.97 968,550.21 1.50 4.82 

J-112 1,913.
00 

497,896.84 968,830.43 2.90 80.88 

J-113 1,931.
00 

498,021.19 968,737.58 1.20 4.82 

J-114 0.00 497,552.47 967,194.98 1.20 1.14 

J-115 1,956.
00 

497,785.82 967,131.18 1.10 1.14 

J-116 0.00 497,700.22 967,348.17 1.50 0.60 

Avareg     53.20283 
2 day 
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APENDEX: C  DIFFUSIVITY AT DIFFIRENT TEMPRATURE 

 

 

 

Source: (https://www.The Engineering ToolBox.com) Website as retrieved on February 6, 2019. 

https://www.the/
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APPENDEX D: CALCULATION OF BULK REACTION RATE 

 
        

Pipe  Diameter 
(mm) 

diamet
er (m) 

Area Length 
(m) 

 
calculated 

time  in 
sec 

 calculated 
time  in hr 

T=(L*A)/Q 
in day 

P-12 152.4 0.1524 0.018232
222 

288.95 1.5052 0.004181111 0.00017421 

P-14 152.4 0.1524 0.018232
222 

284.99 1.154667 0.003207408 0.00013364 

P-5 152.4 0.1524 0.018232
222 

342.29 1.134674 0.003151872 0.00013133 

P-4 152.4 0.1524 0.018232
222 

625.14 2.999392 0.008331645 0.00034715 

P-36 152.4 0.1524 0.018232
222 

302.06 1.776524 0.004934789 0.00020562 

P-43 152.4 0.1524 0.018232
222 

54.86 0.188721 0.000524224 2.1843E-05 

P-48 250 0.25 0.049062
5 

472.14 0.696882 0.001935784 8.0658E-05 

P-52 100 0.1 0.00785 375.51 3.275282 0.009098005 0.00037908 

P-53 100 0.1 0.00785 268.83 1.241362 0.003448228 0.00014368 

P-54 152.4 0.1524 0.018232
222 

407.52 4.643747 0.012899297 0.00053747 

P-60 152.4 0.1524 0.018232
222 

191.72 0.290564 0.000807121 3.363E-05 

P-63 152.4 0.1524 0.018232
222 

210.01 0.261719 0.000726997 3.0292E-05 

P-64 100 0.1 0.00785 180.75 0.41732 0.001159222 4.8301E-05 

P-73 152.4 0.1524 0.018232
222 

151.18 0.667396 0.001853879 7.7245E-05 

P-76 250 0.25 0.049062
5 

217.63 0.396343 0.001100952 4.5873E-05 

P-78 152.4 0.1524 0.018232
222 

269.14 0.25491 0.000708084 2.9503E-05 

P-83 152.4 0.1524 0.018232
222 

484.94 0.654928 0.001819246 7.5802E-05 

P-84 152.4 0.1524 0.018232
222 

324 0.832006 0.002311127 9.6297E-05 

P-87 152.4 0.1524 0.018232
222 

301.14 1.529374 0.00424826 0.00017701 
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P-82 152.4 0.1524 0.018232
222 

385.27 0.595282 0.001653561 6.8898E-05 

P-88 152.4 0.1524 0.018232
222 

98.76 0.242018 0.000672272 2.8011E-05 

P-93 152.4 0.1524 0.018232
222 

181.66 0.211094 0.000586372 2.4432E-05 

P-95 152.4 0.1524 0.018232
222 

33.22 0.025817 7.17148E-05 2.9881E-06 

P-96 152.4 0.1524 0.018232
222 

188.67 0.136179 0.000378274 1.5761E-05 

P-94 152.4 0.1524 0.018232
222 

391.06 1.090198 0.003028327 0.00012618 

P-98 152.4 0.1524 0.018232
222 

114.91 0.285431 0.000792864 3.3036E-05 

P-100 152.4 0.1524 0.018232
222 

394.41 0.630234 0.00175065 7.2944E-05 

P-101 152.4 0.1524 0.018232
222 

172.82 0.455331 0.001264809 5.27E-05 

P-102 152.4 0.1524 0.018232
222 

254.51 0.222236 0.000617322 2.5722E-05 

P-104 152.4 0.1524 0.018232
222 

186.84 0.32945 0.000915138 3.8131E-05 

P-105 152.4 0.1524 0.018232
222 

324.61 0.397472 0.00110409 4.6004E-05 

P-106 152.4 0.1524 0.018232
222 

50.9 0.046728 0.0001298 5.4083E-06 

P-107 152.4 0.1524 0.018232
222 

152.1 0.79917 0.002219917 9.2497E-05 

P-109 152.4 0.1524 0.018232
222 

219.46 0.345232 0.000958979 3.9957E-05 

P-110 152.4 0.1524 0.018232
222 

133.81 0.606879 0.001685775 7.0241E-05 

P-113 152.4 0.1524 0.018232
222 

212.75 0.24018 0.000667166 2.7799E-05 

P-114 250 0.25 0.049062
5 

144.17 0.400756 0.001113211 4.6384E-05 

P-115 250 0.25 0.049062
5 

598.32 0.91706 0.002547388 0.00010614 

P-116 250 0.25 0.049062
5 

273.41 0.42183 0.001171749 4.8823E-05 

P-117 152.4 0.1524 0.018232
222 

88.39 0.080376 0.000223268 9.3028E-06 

P-119 100 0.1 0.00785 959.21 3.585618 0.009960051 0.000415 

P-120 152.4 0.1524 0.018232
222 

480.36 2.736884 0.007602457 0.00031677 
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P-124 152.4 0.1524 0.018232
222 

23.16 0.060582 0.000168284 7.0118E-06 

P-125 152.4 0.1524 0.018232
222 

205.74 0.388312 0.001078645 4.4944E-05 

P-127 100 0.1 0.00785 202.39 0.453932 0.001260922 5.2538E-05 

P-128 152.4 0.1524 0.018232
222 

271.27 0.359176 0.000997711 4.1571E-05 

P-129 152.4 0.1524 0.018232
222 

446.23 0.824292 0.002289701 9.5404E-05 

P-130 100 0.1 0.00785 168.25 0.528305 0.001467514 6.1146E-05 

P-103 152.4 0.1524 0.018232
222 

184.71 0.317705 0.000882514 3.6771E-05 

P-134 152.4 0.1524 0.018232
222 

424.89 0.993165 0.002758792 0.00011495 

P-133 152.4 0.1524 0.018232
222 

713.23 8.669178 0.024081051 0.00100338 

P-135 152.4 0.1524 0.018232
222 

221.59 0.641282 0.001781339 7.4222E-05 

P-136 100 0.1 0.00785 1,072.9
0 

1.203181 0.003342169 0.00013926 

P-137 152.4 0.1524 0.018232
222 

130.45 0.580096 0.001611378 6.7141E-05 

P-138 100 0.1 0.00785 206.35 1.349873 0.003749647 0.00015624 

P-140 2,500.00 2.5 4.90625 333.76 2.013514 0.005593093 0.00023305 

P-141 200 0.2 0.0314 44.81 0.003261 9.05903E-06 3.7746E-07 

P-142 200 0.2 0.0314 885.75 0.064464 0.000179068 7.4612E-06 

P-143 250 0.25 0.049062
5 

282.55 0.328109 0.000911414 3.7976E-05 

P-144 250 0.25 0.049062
5 

209.09 0.243207 0.000675575 2.8149E-05 

P-146 200 0.2 0.0314 580.64 0.755265 0.002097958 8.7415E-05 

P-147 250 0.25 0.049062
5 

242.01 0.109364 0.000303788 1.2658E-05 

P-148 152.4 0.1524 0.018232
222 

320.65 0.210521 0.00058478 2.4366E-05 

P-149 152.4 0.1524 0.018232
222 

257.56 0.479662 0.001332394 5.5516E-05 

P-150 152.4 0.1524 0.018232
222 

360.27 0.646508 0.001795856 7.4827E-05 

P-151 200 0.2 0.0314 60.96 0.005013 1.39256E-05 5.8023E-07 

P-152 200 0.2 0.0314 1,120.1
4 

0.092118 0.000255883 1.0662E-05 

Average             0.00010372 
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  Initial 
conc 
(Co) 
mg/l 

Average 
Chlorine 
Concentr
ation (C)  

mg/l 

log C Log co kb (ppb/day 
) 

 

  1.1 0.344166
667 

-
0.4632

3 

0.041393 -
0.116761451 
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APPENDIX E: TRACE ANALYSIS JUNCTION REPORT 

 

 
Label Elev

ation 
(m) 

X (m) Y (m) Demand 
(Calculated) 

(l/s) 

Calculated 
Trace (%) 

1940 0.00 497,478.41 967,692.94 1.50 25.0 

J-1 1,98
7.00 

497,350.95 968,959.86 1.50 50.0 

J-2 1,89
7.00 

497,406.69 968,955.49 1.50 10.0 

J-3 1,93
8.00 

497,438.87 967,618.87 1.80 12.0 

J-4 1,92
6.00 

497,361.99 968,109.50 2.60 20.2 

J-5 1,90
5.00 

496,893.18 967,902.02 1.80 59.7 

J-6 1,91
5.00 

496,976.50 967,144.65 3.50 54.0 

J-7 1,93
9.00 

497,228.20 967,286.27 2.80 15.0 

J-8 1,91
2.00 

497,195.93 968,186.66 4.44 9.3 

J-9 1,92
5.00 

497,225.47 967,384.17 4.50 52.3 

J-10 1,92
2.00 

496,958.21 967,482.96 3.50 40.0 

J-11 1,93
2.00 

497,571.80 968,505.71 2.30 20.0 

J-12 1,90
2.00 

497,278.45 968,682.13 3.20 2.2 

J-13 1,92
7.00 

497,388.59 968,157.34 1.50 41.5 

J-14 1,93
5.00 

497,683.76 968,708.26 2.90 0.0 

J-15 1,93
9.00 

497,452.84 967,648.92 3.60 50.0 

J-16 1,92
6.00 

497,582.87 966,988.90 1.50 7.0 

J-17 1,93
0.00 

497,877.41 969,029.90 0.90 10.0 

J-18 1,90
3.00 

497,046.67 968,818.57 1.70 10.0 

J-19 1,89
8.00 

497,600.50 969,314.10 1.60 0.0 

J-20 1,91
7.00 

496,817.12 967,537.64 1.80 26.1 

J-21 1,91
5.00 

496,757.43 967,355.44 2.60 48.0 

J-22 1,91
4.00 

496,740.60 967,146.14 3.40 14.0 

J-23 1,89
9.00 

496,740.60 967,998.75 3.40 20.9 

J-24 1,89
9.00 

496,773.39 967,707.26 2.90 4.2 

J-25 1,89
5.00 

496,556.57 967,663.55 4.20 0.0 

J-26 1,92 497,015.13 967,603.97 1.90 57.4 
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4.00 

J-27 1,95
0.00 

497,262.65 967,498.40 2.50 13.0 

J-28 1,91
3.00 

497,387.79 967,886.14 3.60 15.0 

J-29 1,90
8.00 

497,067.72 968,245.25 5.40 15.3 

J-30 1,94
1.00 

497,632.97 967,978.48 3.50 30.0 

J-31 1,92
2.00 

497,571.41 966,892.74 3.20 8.0 

J-32 1,95
6.00 

497,430.95 967,430.29 1.30 25.0 

J-33 1,90
9.00 

496,995.90 967,850.46 3.20 71.6 

J-34 1,90
4.00 

497,151.76 967,775.85 3.60 47.2 

J-35 1,90
7.00 

497,327.52 967,712.84 3.40 10.0 

J-37 1,92
2.00 

496,954.60 967,270.19 1.50 16.0 

J-38 1,92
4.00 

496,972.83 967,127.08 2.40 25.0 

J-39 1,91
4.00 

496,992.73 967,040.86 4.30 10.0 

J-40 1,91
4.00 

497,957.31 968,946.18 4.10 30.0 

J-41 1,91
1.00 

497,657.60 969,027.32 2.10 10.0 

J-42 1,95
7.00 

497,989.23 968,268.22 3.20 0.0 

J-105 1,90
1.00 

496,787.91 967,725.14 3.60 84.5 

J-106 1,90
0.00 

496,622.03 967,841.26 3.50 42.3 

J-107 1,89
7.00 

496,544.62 967,324.26 1.40 40.0 

J-108 1,89
6.00 

496,420.20 967,437.61 2.50 15.5 

J-110 1,93
6.00 

497,833.83 968,352.90 1.50 23 

J-111 1,93
3.00 

497,934.97 968,550.21 3.60 10.0 

J-112 1,91
3.00 

497,896.84 968,830.43 2.90 33.0 

J-113 1,93
1.00 

498,021.19 968,737.58 1.20 0.0 

J-114 0.00 497,552.47 967,194.98 0.00 25.0 

J-115 1,95
6.00 

497,785.82 967,131.18 0.00 24.0 

J-116 0.00 497,700.22 967,348.17 0.00 20.0 

Average     25 
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APPENDIX F: CALCULATION OF DEMANDS 

 
JUNCTIO

N 

number 

of house  

Ava.fam

ly size 

Populatio

n 

Capital per 

demand day 

Demand 

(L/Day) 

DEMAND 

(l/s)   

J-1A 172.8 5 864 150 129600 1.5 

J-2B 172.8 5 864 150 129600 1.5 

J-3C 207.36 5 1036.8 150 155520 1.8 

J-4D 299.52 5 1497.6 150 224640 2.6 

J-5E 207.36 5 1036.8 150 155520 1.8 

J-6F 403.2 5 2016 150 302400 3.5 

J-7G 322.56 5 1612.8 150 241920 2.8 

J-8H 230.4 5 1152 150 172800 2 

J-9  I 138.24 5 691.2 150 103680 1.2 

J-10J 403.2 5 2016 150 302400 3.5 

J-11 K 264.96 5 1324.8 150 198720 2.3 

J-12L 368.64 5 1843.2 150 276480 3.2 

J-13 172.8 5 864 150 129600 1.5 

J-14 334.08 5 1670.4 150 250560 2.9 

J-15 414.72 5 2073.6 150 311040 3.6 

J-16 172.8 5 864 150 129600 1.5 

J-17 103.68 5 518.4 150 77760 0.9 

J-18 195.84 5 979.2 150 146880 1.7 

J-19 184.32 5 921.6 150 138240 1.6 

J-20 207.36 5 1036.8 150 155520 1.8 

J-21 299.52 5 1497.6 150 224640 2.6 

J-22 391.68 5 1958.4 150 293760 3.4 

J-23 391.68 5 1958.4 150 293760 3.4 

J-24 334.08 5 1670.4 150 250560 2.9 

J-25 483.84 5 2419.2 150 362880 4.2 

J-26 218.88 5 1094.4 150 164160 1.9 

J-27 288 5 1440 150 216000 2.5 

J-28 414.72 5 2073.6 150 311040 3.6 

J-29 622.08 5 3110.4 150 466560 5.4 

J-30 403.2 5 2016 150 302400 3.5 

J-31 368.64 5 1843.2 150 276480 3.2 

J-32 149.76 5 748.8 150 112320 1.3 
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J-33 368.64 5 1843.2 150 276480 3.2 

J-34 414.72 5 2073.6 150 311040 3.6 

J-35 F 391.68 5 1958.4 150 293760 3.4 

J-37 A 172.8 5 864 150 129600 1.5 

J-38 276.48 5 1382.4 150 207360 2.4 

J-39 495.36 5 2476.8 150 371520 4.3 

J-40 472.32 5 2361.6 150 354240 4.1 

J-41 241.92 5 1209.6 150 181440 2.1 

J-42 368.64 5 1843.2 150 276480 3.2 

J-105 414.72 5 2073.6 150 311040 3.6 

J-106 403.2 5 2016 150 302400 3.5 

J-107 161.28 5 806.4 150 120960 1.4 

J-108 288 5 1440 150 216000 2.5 

J-110 172.8 5 864 150 129600 1.5 

J-111 414.72 5 2073.6 150 311040 3.6 

J-112 334.08 5 1670.4 150 250560 2.9 

J-113 138.24 5 691.2 150 103680 1.2 

J-114 0 5 0 150 0 0 

J-115 0 5 0 150 0 0 

J-116 0 5 0 150 0 0 

 
 


