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[bookmark: _Toc65077677]ABSTRACT
Safe and adequate delivery of water to a consumption node is an essential function of water distribution network. However, throughout the world especially in developing countries, the hydraulic performance of water distribution network is inadequate to transfer available water to a consumption node. Areka Town has been experienced frequent and regular disruption of water because of hydraulic problems related to pressure and velocity during high consumption period and at night time. The main aim of this study was to model the existing water distribution system for steady-state and extended period simulation and evaluating hydraulic performance of the system. For conducting this study, both primary and secondary data were collected and tools such as WaterGEMS, ArcGIS 10.3, and GPS were used. The total average per capita consumption of the Town in the year 2020 was 11.74 l/c/d which showed lower performance compared to 60 l/c/d which is set by GTP-II of the country for category 3 town and 108,808m3/year (27.35%) of water is considered to be non-revenue (NRW) and the apparent losses and real losses of the town was 0.9% and 26.44% respectively. There is high gap between demand and supply in the town because the current (2020) and the future (2042) maximum day water demand of the town was 2,395.92 m3/day and 14,116.88 m3/day respectively and the current (2020) water production of the town was only 1090.13 m3/day which only satisfies 45.5% of the current demand (2020) and 7.7% of the future demand in year 2042. Therefore, securing additional water supplies becomes an essential issue to meet the current and future water demand of the town. The simulated result showed that 1.81% for pressure value (<15m), 34.56% for pressure value (15-70m) and 63.63% for pressure value (>70m) at peak consumption and the velocity of pipe flow showed that 90% (<0.6m/s),10% the range of (0.6-2m/s) at low consumption time and Velocity in distribution network was in recommended range in peak consumption time. The performance of the model was evaluated using model evaluation statistics. The value of the coefficient of determination (R2) for pressure calibration was 0.991. Finally, potential causes of water losses in the town water supply system were assessed, water losses reduction strategies are designed and the system pressure and velocity are adjusted. 
  

Keywords: Areka town, Hydraulic performance, WaterGEMS, Water distribution network

1. [bookmark: _Toc65077678][bookmark: _Toc4323909][bookmark: _Toc27449928]INTRODUCTION
[bookmark: _Toc65077679] Background
Water is the primary need to maintain life; every man in the World has the right to have access to potable water (Garg, 2010). Condition of safe and adequate water supply services is necessary components for sustainable development. The prerequisite of adequate and reliable water supply in developing countries is becoming a challenge for most water utilities especially public service providers (KB Khatri, 2007). Water demand has been increasing drastically in developing nation due to population growth as a result of rural to urban migration. As a consequence, in many countries public water service utilities have failed to provide consumers with adequate water supply services. Apart from service coverage, there are other problems that affect public service providers such as low or high pressure, high unaccounted for water (UFW) and financial problems due to a combination of low tariff, poor services, poor consumer records and inefficient billing practices (Kimey, 2012).   
Models are used to predict pressures under specific demands conditions and a variety of scenarios to identify low pressures and to select infrastructure that will improve flow or less pressure deficiency. According to Candelieri, et al., (2013) Water losses (physical loss) in the urban water supply is accounted to more than 50% of the supplies that mainly arise from Leakage of pipes, joints, and valves, overflowing service reservoir and Waste of water through illegal connection and non-metered house connections. Although leakage is one of the major causes of loss of water in the network distribution system, the loss of water through illegal connections and non-functioning meters is also contributing a lot; that needs a proper management and monitoring system. 
The estimated water supply service level of Ethiopia in terms of coverage, quantity, quality and reliability is very low (Taha AL-Washali, et al., 2020). Water supply is an inevitable part of the urban infrastructure. The operational practices of large-scale water supply networks still continue to be a major engineering challenge (WHO, 2011). Water supply authorities are responsible to meet consistently the demand of different water consumer sectors including fire flows in the distribution system, to maintain reasonable flow velocities and service levels within the possible operational boundaries and to manage the available storage capacities for balancing the supply and demand in the pipe network. According to Ethiopian Water Sector Strategy (2001), condition of sustainable, professional, reliable, and reasonable and user ‘s acceptable water supply to the urban population is a major concern in Ethiopia in general and in South Nation Nationality and People Region in particular. The need on water supply increases due to the population growth rate, increasing standards of living and the increase in per capita consumption. As the result of demand increase in water supply, the additional water resources and infrastructure is growing.
The town is one of the developing towns in Ethiopia in which there is a growing demand for water and sanitation services in the town due to growing populations. The existing infrastructure of the town is old and in poor condition. There are frequent interruptions to the scheme due to the breakdown of equipment, shortage of technicians, and inefficient operation and maintenance practices. This caused the population does not get adequate water due to the shortage of water and also, one of the causes of this problem is that the existing water supply system has a design problem. 
There are many cases in the customers illegally tapping into a water main so as obtain water without paying for it. Beyond committing a crime (theft of water, thus depriving the water utility of revenue), people who make illegal connections to the water supply system also compromise the safety of the mains water through possible contamination. This event can be caused simply by making a break in the pipe without taking the necessary protections to prevent contamination. According to Candelieri, et al., (2013) Leakage is often a large source of unaccounted for water and is a result of either lack of maintenance or failure to renew aging systems. Leakage may also be caused by poor management of presser zones, which result in pipe or pipe joint failure. Although some leakage may go unnoticed for a long time, detection of visible leakage also requires good reporting which includes some level of public participation. 
Therefore, this study was focused on improvement poor performance of Areka Town water supply distribution system based on the objectives of the study using Bentley WaterGEMS CONNECT Edition Update 2.
[bookmark: _Toc4323910][bookmark: _Toc27449929][bookmark: _Toc65077680]Statement of the Problem
[bookmark: _Toc481463171][bookmark: _Toc508592375][bookmark: _Toc35251284][bookmark: _Toc4323914][bookmark: _Toc27449933] The major challenges of urban water supply systems in developing countries are low water supply service coverage, unavailability of sufficient water at all times, occurrence of very high amount of water loss, due to it does not meet national or international drinking water standards, (World Bank, 2006). Concerning performance and water availability of the capacity of the water supply system which include sources, transmission, storage facilities and distribution system should satisfy current and future demands. Areka Town is one of the medium level towns in the country with recent rapid urbanization and high population growth. The area has been experiencing frequent and regular disruption of water supplies for days to a week, high rate of water losses from the distribution systems, frequent pipe bursting in the water distribution network, water pressure and velocity variation, very old and outdated structures and intermittent water flow. Although the town water supply and service office trying to control the problem, delivering sufficient water without any interruption to the dwellers remains dream. First-time rate of population growth, urbanization and the need for repair and maintenance of very old and outdated structures widen the gap between demand and supply of water in the town. This study focused on the improvement of water supply system service through research-based estimation of water demand and appropriate hydraulic networking. Therefore, this research work was evaluated the present status of distribution system performance of the town and recommend possible measures for problems in hand.
[bookmark: _Toc65077681][bookmark: _Toc481463172] Study objective 
[bookmark: _Toc508592376][bookmark: _Toc35251285][bookmark: _Toc65077682]1.3.1.	General objective 
[bookmark: _Toc481463173][bookmark: _Toc508592377][bookmark: _Toc35251286]The main objective of this study was examining the Water Distribution Network Using Bentley WaterGEMS CONNECT Edition Update 2 of Areka Town, Ethiopia.
[bookmark: _Toc65077683]1.3.2.	Specific objectives
The specific objectives of this study were:
· To evaluate the existing water demand as well as its supply, service coverage and forecast future water demand of the Town
· To quantify the water loss and identifying the causes of water loss in the distribution network
· To assess the hydraulic performance of the water distribution network with modelling. 
· To recommend the possible improvement measures
[bookmark: _Toc65077684]Research Questions 
Based on the above objectives, existing realities and to seek an answer for the stated problems of the town, the following particular questions are designed. 
1. [bookmark: _Toc4323915][bookmark: _Toc27449934]How much is the current status of water supply and demand of the town and Is the present water supply satisfying the current and future demand of the Town? 
2. How much is the water supply coverage of the town and how much water is lost in the system comparing with the system production? 
3. What are the causes for water loss in the area?
4. What are the existing problems related to hydraulic parameters in distribution system?
5. What are the possible improvement measures to sustain water supply system of the Town?
[bookmark: _Toc65077685]Significance of the Study
[bookmark: _Toc27449935]The significance of the study is to check the reliability of the existing water distribution system and water loss on Areka town water supply distribution network, and Modelling the existing system problems using Water GEMS CONNECT Edition Update 2 that the town to achieve better fulfillment. Thus, the output of this research is expected to be used as an input while developing strategies to improve the modelling of urban water supply in the distribution system of the town. Moreover, the findings of this research are expected to be used by the implementers, policy makers, planners and donors used to manage the existing scheme in efficient and effective way and it also may initiate interested researchers to undertake a broader investigation to a greater understanding of the related issues.
[bookmark: _Toc65077686] Scope of the study   
The scope of the study is to check the reliability of the existing water distribution system on the town water supply distribution network, and modelling the existing system problems using Water GEMS CONNECT Edition Update 2 software. The study is limited to model the water distribution network from a clear water reservoir to distribution endpoint of the customer’s town water supply system in the Southern Region of Ethiopia and managing the existing problems related to water loss and enhanced system hydraulic parameters (flow, pressure, and velocity) based on model simulation results.
[bookmark: _Toc65077687] Thesis Organization
[bookmark: _Toc27449936]Generally, the thesis was structured into five chapters, a reference list and appendices. Chapter one introduces the study with its objective, statement of the problem, the significance of the study and scope of the study.  Chapter two describes literature review related to the study. Chapter three deals the materials and methods that are used in the study. At this chapter the study area was described, the available data are collected and analyzed and the procedures to address the study objective were well-defined. Chapter four describes results and discussions and chapter five deals about conclusions and recommendations of the study. The reference list outlines the bibliography of the materials to which the respective citations refer. The Appendix provides supplementary information to the materials used and results in the study.






















2. [bookmark: _Toc65077688]LITERATURE REVIEW
[bookmark: _Toc65077689]General about Water Supply 
In water distribution system, the reliability of water with a constant flow rate should be available to customers throughout the design time. If water is not available in sufficient quantities it should be pumped for a short period of time and at high flow rate, to meet the various demand of customers. Accordingly, service reservoir/storage tanks usually provided in order to store water when the pumping rate is higher than the demand at low/night times. But this can be also used in the case that the pumping rate is below the needed demand, since to equalize the pressure in the network (Hussni, S. & Zyoud, A.R. , 2003).
In developing countries; many water authorities are facing the challenges in providing adequate water supply to the rapidly growing populations. Thereby, most of the existing water supply systems are unable to meet the various demands of water. Besides this; infrastructural aging problem, poor management of the existing system components/assets and utility capacity shortages increased the level of water losses in the distribution system (Welday, 2005).
Water utilities are facing a high level of water loss in their distribution networks. ‘For many utilities, reducing loss should be the first option to pursue when addressing low service coverage levels and increased demand for piped water supply. But, expanding water distribution networks without addressing water losses will only lead to a cycle of waste and inefficiency’(HC, 1990).
Water distribution system Modelling has become a key tool in evaluating existing water networks and planning for future development. Modelling can show the weak links in a distribution system. The key part of water system Modelling is the use of field data to calibrate the computer model. Field data is gathered by flowing a city fire hydrant and measuring the flow rate, monitoring a nearby hydrant for static and residual pressures, and recording production and storage levels at the time of the test (Hussni & Zyoud, 2003). 
Zewdu (2014) has recognized as water supply distribution network system, which enables to obtain the existing water supply system and water loss in the distribution system is a growing management problem in Ethiopia, there are few studies conducted on the existing Modelling of urban water supply in the country related to water loss and coverage. 
Mays (2004) stated pressure-reducing valves are often used to establish lower pressure in WDNs, with more than pressure zone. As upstream pressure increases, the valve will close, creating more head loss across the valve, until the target pressure is obtained. WDNs of technical management it is necessary to explore establishing an attained pipe network estimation of flow and pressure head in network pipe has been of the great amount and concern for those design construction, operation, maintenance, conservation of municipal water distribution system, so, it is not exaggerated to say that supplying and distributing of adequate water form the basis of water life is thus divided into several district pressure zones.
[bookmark: _Toc65077690]Water demand and Coverage 
2.1.1. [bookmark: _Toc65077691]Water Demand
According to (Abaynesh, 2015) Design of water systems require estimation of predictable water demands appropriate to size the pumping equipment, transmission and distribution pipe lines and storage facilities. Assessing water demands for a certain town depends on the extent of the population to be attended, their standard of living and activities, the cost of water supply, the availability of wastewater service and the purpose of demand. It varies according to the requirement of the domestic population, institutional, industrial and social establishments. In addition to these, demand allowances need to be included for leakage, wastage, and operational requirements such as flushing of mains. Water demand is defined as the volume of water request by users to satisfy their needs.
Types of water demand
i. Domestic Demand  
The domestic water demand includes drinking, bathing, washing, and cooking, lawn sprinkling, gardening, and sanitary purpose.  
ii. Institutional, commercial, and public demands
This demand includes water required for other purposes public, commercial, and institutional. Besides, this category usually includes water day school, clinic, hospital, public office, shops, bar, restaurant, a cinema house, mosque and, churches. Normally, demand for such facilities is calculated according to their number or built-up areas assumed and/or projected in the town. Most of the time institutional and commercial demands will account for 15% of domestic water demand based on the degree of development of the town
iii. Industrial Demand
The industrial demand category applies to major factories that consume a large volume of water per day. It is apparent that large scale industries consume a large volume of water, actually based on the type of industry, compared with other demands and this large demand along with the demand of the community can cause fluctuations in the water supply system of the community.
2.1.2. [bookmark: _Toc65077692]Water supply Coverage 
Service level refer to utility`s declared dedication to deliver service of specified level in water supply institutes. Service level can be regulatory/customer related (response times, information availability, complaints etc.) or performance related (asset performance drove by faults, equipment failure etc.)
The quality of service is assessed based on service indicators consisting of coverage of service zone, service hours, metering and billing and the degree of responsiveness of service providers to consumer`s complaints.
All sources confirm that water supply coverage in Ethiopia is on a strong upward trajectory. According to official government data, water supply coverage has risen in 1990 from (11 percent rural, 70 percent urban) to in 2009 (62 percent rural, 89 percent urban). Based on the official government data, Ethiopia has already met of 60 percent. Estimates of current coverage from the international Joint Monitoring Program (JMP) are significantly more cautious, due to a range of factors. Nevertheless, the JMP data still portray a remarkable increase in coverage of over 1 million people per year (1990–2008), (AMCOW, 2015). 
A municipal water supply system has the objective of providing an adequate and reliable water supply to meet the following demands: 
· Residential occupancy water consumption; 
· Commercial occupancy water consumption; 
· Industrial occupancy consumption; 
· Municipal and educational building use; etc. 
· Needed Fire Flows (NFFs) that are available from a planned location of fire hydrants throughout the municipality; and 
· Water for special community needs that include parks and recreation, street cleaning, decorative water fountains, sale of water to contractors through metered water from fire hydrants, etc. (Harry, 2008).
The problem of inadequate access to water and sanitation exists in both rural and urban areas, the problem is particularly pressing in cities. With internal migration and the “urbanization of poverty,” cities are where an increasing proportion of the poor live. In the last three decades, growth in urban populations in developing countries exceeded that of rural areas three times more. 
According to Ethiopian water sector (strategy, 2015) “As per the GTP-2 water supply service level standard, it is required to provide safe water in minimum 25 l/c/day within a distance of 1 km for rural areas while in urban areas it is required to provide safe water in minimum 100 l/c/day for category 1 towns/cities (towns/cities with a population more than 1 million), 80 l/c/day for category 2 towns/cities (towns/cities with a population in the range of 100,000-1million), 60 l/c/day for category 3 towns/cities (towns/cities with a population in the range of 50,000 -100,000), 50 l/c/day for category 4 towns/cities (towns/cities with a population in the range of 20,000-50,000) up to the premises, and 40 l/c/day for category-5 towns/cities (towns/cities with a population less than 20,000) within a distance of 250m”.
[bookmark: _Toc65077693]Water Loss and Leakage in Distribution System
The amount of water loss differs from country to country, city to city, and even from network to another network in the same city. Different countries use different indicators to evaluate their states in comparison with others and to compare the distribution of water loss from one location to another location of a distribution system to take action based on the level of loss. As stated, above competition using unaccounted for water (UFW) expressed as a percentage has a limitation when used for comparison as it highly depends on the volume of water produced.
The traditional performance indicators of water losses are frequently expressed as a percentage of the input volume. However, this indicator fails to take account of any of the main local influences. Consequently, it cannot be an appropriate performance indicator (PI) for comparison (WHO, 2014).
Depend upon the consumption per service connection, the same volume of real losses/service connection/day, in percentage terms, is anything from 5% to 30%. Thus developing countries with relatively low consumption can appear to have high losses when expressed in percentage terms, percentage losses for urban areas in developed countries with high consumption can be equally misleading (Farley and Trows, 2003).
2.1.3. [bookmark: _Toc65077694]Non-Revenue Water (NRW) 
According to Rudolf & Liemberger (2010) Until the early ’90s, there was no standard term to express and assess the water losses in the distribution system. The International Water Association (IWA) has acknowledged this problem and established the Water Loss Task Force (WLTF). The WLTF examined the international best practices and developed a standard terminology as “Non-Revenue Water is the difference between the volume of water put into the water distribution system and the volume that is billed to customers” 
However, there is no simple solution to reduce water losses in the distribution system especially in the developing world, it should be involving improvements not only regard to the water system but also required a change in attitudes (WUAM, 2013). Besides‘ understanding how leakage is currently performing and collecting relevant data, and turning it into useful information for planning and good information systems’ are essential to water loss reduction polices  (Farley, et al., 2008). In addition, utility managers often do not pay enough attention to NRW because of weak internal policies and procedures which contributes to rising NRW levels. Many utility managers do not have access to information on the entire network which would enable them to fully understand the nature of NRW and its impact on utility operations, its financial health, and customer satisfaction. Successful NRW reduction is not about solving an isolate technical problem, but is instead to overall asset management, operations, customer support, financial allocations, and other factors. 
A. [bookmark: _Toc59365645]Real losses
Physical water losses known as Real losses (RL) are categorized as water losses from reported and unreported bursts, background losses, reservoir leakage and overflow and leakage from valves and pumps. There are because this water did not have the opportunity to pass through a customer’s meter, (ABOMA, 2017) indicate that these losses are incurred at the production rate. The real losses can be classified according to their size and runtime, (GIZ, 2001)  .  
i. Reported or visible leaks 
Primarily come from sudden bursts or ruptures of joints in big mains or distribution pipes. Leaking water will appear at the surface quickly depending on water pressure, leak size as well as on soil and surface characteristics. Special equipment is not required to locate the leak (Thornton J. a., 2005)
ii. Unreported or hidden leaks
 By definition have flow rates greater than of the order of 250 l/h at 50 m pressure but due to unfavorable conditions do not appear at the surface (Farley M. , 2001). The presence of hidden leaks can be identified by analyzing trends in water consumption behavior within a defined water supply zone. A wide range of acoustic and non-acoustic instruments is available to detect unreported leaks (WHO, 2001).
iii. Background leakage 
[bookmark: _Toc59365646]Comprises water losses with flow rates less than of the order of 250 L/h at 50 m pressure, which do not appear at the surface these very small leaks (seeping or dripping water from leaky joints, valves or fittings) cannot be detected using acoustic leak detection methods. Therefore, it is assumed that many background leaks are never detected and repaired but leak until the defective part is eventually replaced. Background leaks often cause a major share of real water losses due to their great number and their long runtimes (WHO, 2000).
B. Apparent Losses
Apparent losses are losses that are not due to physical leaks in the infrastructure, but are caused by other factors. According to (Thornton J. S., 2008) apparent losses can be categories based on their origin: meter inaccuracies due to broken or incorrect customer and bulk water meters data handling and accounting errors and poor customer accountability in billing systems Unauthorized consumption due to water theft and illegal connections. Summarizing the above, apparent losses comprise all water that is successfully delivered to the customer but which is not metered or recorded accurately and thus causes an error in the amount of customer consumption.
C. Unavoidable Annual Real Losses
 It is impossible to eliminate all real losses from a distribution system. Some losses are “unavoidable”. Some leakages are believed to be undetectable (too small to detect) or uneconomical to repair an estimate of Unavoidable Annual Real Losses (UARL) can help to evaluate the feasibility of real loss minimization (provides better understanding of real loss components).
[bookmark: _Toc65077695] Factors Causing Water Loss in the Water Distribution Networks
In most of the developing regions, the design of water distribution systems is based on the assumption of direct supply, although most of these systems are intermittent systems which result in severe supply, insufficient pressure in the distribution system (pressure losses in several areas in the network), inequitable distribution of the available water and very short duration of supply (Hussni, S. & Zyoud, A.R. , 2003).
However, the purpose of hydraulic integrity in the water distribution system is to supply water at adequate/acceptable pressure and flow. But, according to (Chambers, et al., 2004). The most common factors for intermittent water supply and loss of hydraulic integrity in the distribution system are described in the following sections.
2.1.4. [bookmark: _Toc65077696]Low pressure 
However, there is pressure loss by the action of friction at the pipe wall and its magnitude also dependent on the water demand, properties of the fluid that is passing through the pipe, the speed at which it is moving, and the internal roughness of the pipe, pipe length, gradient and diameter of the pipe. Such situations may occur where there are: properties on high ground, remote properties at the end of long lengths of pipe, demands that are greater than the design demand, pipes of inadequate capacity (too small diameter), rough pipes (e.g., corroding iron pipes or pipes with a build-up of sediment) and equipment failures such as pumps and valves. In general, poor pressures tend to be caused by inadequate capacity in a pipe or pump, high elevations, or some combination of the two’ (Candelieri, et al., 2013).
2.1.5. [bookmark: _Toc65077697]High pressure during low demand conditions  
High pressure during low demand conditions can cause pipe bursting, leakage, and a large number of water losses through the distribution networks. Therefore, when dealing with high pressures, PRVs should be used to reduce and regulate pressure in the system ( Tomas et al., 2003). Accordingly, pipes and pumps must be sized to overcome these problems and to provide acceptable pressure in the system. Although, the sizing of control valves based on the desired flow conditions and the pressure differential is vital (NRC. 2006).
2.1.6. [bookmark: _Toc65077698]Pump capacity  
A pump is a device in which mechanical energy is applied and transferred to the water as a total head, and this head is a function of the flow rate through the pump (Tomas, et al., 2003). While, ‘the failure, location, size and capacity of pumps in water distribution are the major impacts for low flow or negative pressure arise in the system, and this can lead to intermittent water supply in the distribution system’ (Candelieri, et al., 2013).
2.1.7. [bookmark: _Toc65077699]Demand Increase  
Rising water demand as a result of population growth and urbanization affects the availability and reliability of existing water distribution system. Therefore, ‘water demands need to be assessed on the basis of considering the year and date supplying water through the distribution system. The primary objective is to make sure that the community is being serviced adequately. If there are deficiencies in meeting current or future goals because of population growth, this needs to be identified for the areas of the community where there may be inadequate flows to meet customers consumption during peak hour water demand of the day’ (Hickey, 2008).
2.1.8. [bookmark: _Toc65077700]Poor infrastructures  
In most of the developing countries, it has been observed that the pipe network is very old and which is laid many years ago. With the aging problem, there is a considerable reduction in the carrying capacity of the pipelines. Although, most of the distribution pipelines were get corroded and leakage occurred, resulting in loss of water and pressure reduction. Hence, ‘All these materials suffer from degradation over time and result in leakage in the network. It is, therefore, Preventive maintenance of the distribution system assures and providing conditions for adequate flow through the pipelines. Incidentally, this will prolong the effective life of the pipeline and restore its carrying capacity. Some of the main  functions in the management of preventive maintenance of pipelines are assessment, detection, and prevention of loss of water from pipelines through leaks, maintaining the capacity of pipelines, cleaning of pipelines and relining’(Dighade, et al., 2014).
2.1.9. [bookmark: _Toc65077701]Operation and maintenance activities
Water distribution systems are occasionally subject to emergencies or planned maintenance activities in which certain components become not workable and the system can no longer provide the minimum level of service to customers. Planned maintenance activities include supplies going offline (e.g., reservoir shut down for inspection, cleaning, or repairs; installation of new pipe connections; pipe rehabilitation or brake repairs; and transmission main valve repairs.) while, emergencies include earthquakes, power failures, equipment failures, or transmission main failures. Therefore, all these activities can result in a reduction in system capacity and supply pressure, and changes to the flow paths of water within the distribution system’ (NRC, 2006).
[bookmark: _Toc65077702]Strategy for water loss management in developing countries 
Knowing the magnitude and the spatial distribution of the loss greatly helps to intervene giving priority to those areas with higher magnitude of loss with regard to the leakage index usually fixed based on local condition.  Nevertheless identification is not by itself an end in reducing the water loss.  Identifying the causes of the losses might help where to focus with probably limited resources that the town is having.  This study somehow gave an indication that the predominant causes of the water loss in the city is leakage and losses due to meter errors.  Ones the spatial distribution and the characteristics of the loss are identified; it is possible to see alternative solutions to reduce the water loss. Therefore, an appropriate long- and short-term strategy is necessary.
Due to  time  limitation  all  the  strategy  issues  are  not  addressed,  rather  some  of  theremedialmeasures  to  be  taken  are  discussed  in  this  section.  The following may be considered to beremedial actions to be taken to reduce water loss and leakage in a distribution system but not limited:
[bookmark: _Toc59365648]Setting leakage index
The most important aspect of any leakage strategy is setting a leakage target. Ones the spatial distribution and characteristics of the losses is identified, what level of leakage should the water authority aim for and what level should be maintained in the long term should be well addressed. There will always be a level of leakage which has to be tolerated, and which has to be managed and it depends on the economic level of the leakage reduction activities specific to that area. The estimation of the economic level of leakage (ELL) must use data, information and policy rules specific to that area and the water supply organization.  Moreover, until significant works has been conducted to reduce leakage and so collect the necessary data, it is not possible to make an accurate assumption of ELL.  Therefore, the calculation of ELL will follow a staged approach & could take several years to determine   accurately(Welday, 2005).
2.1.10. [bookmark: _Toc59365649][bookmark: _Toc65077703]Water audit
[bookmark: _Toc59365650]Water audit determines the amount of water lost from a distribution system due to leakage and other reasons such as theft, unauthorized or illegal withdrawals from the systems and the cost of such losses to the utility. Comprehensive water audit gives a detailed profile of the distribution system and water users, thereby facilitating easier and effective management of the resources with improved reliability. It helps in correct diagnosis of the problems faced in order to suggest achievable and practicable solutions. It is also an effective tool for realistic understanding and assessment of the present performance level and efficiency of the service and the adaptability of the system for future expansion and rectification of faults during modernization. It helps in identifying problem and risk areas and a better understanding of what is happening to the water after it leaves the source point. Such investigation should provide enough information to set specific objectives for a water efficiency program.
2.1.11. [bookmark: _Toc65077704]Performance indicator and bench marking
[bookmark: _Toc59365651]A performance indicators (PI) system can be considered as a key assessment tool for the achievement of targets, by applying a coherent set of indicators. Performance indicators help the utility to-(a) better understand water losses (b) set targets for improvement (c) measure and compare performance (d) develop standards (e) monitor compliance and (f) prioritize investments. Water utilities should include standard performance indicators to measure performance to facilitate comparisons with other utilities. The annual volume of water loss is an important indicator of water distribution system efficiency. Expanding water networks without addressing water loss will only lead to a cycle of waste and inefficiency. High and increasing water losses are an indicator of ineffective planning and construction, and of low operational and maintenance activities. Performance Indicators (PIs) and Benchmarking are identified as the appropriate tools for water supply systems’ performance evaluation. The worldwide many experts have identified PIs which may be used to measure the efficiency and effectiveness of a utility in achieving its objectives. The most widely used performance indicator in developing countries for water loss performance is Non-Revenue Water (NRW) which is expressed in terms of system input volume. Although, it is an important PI, many practitioners tend to overlook its shortcomings for properly assessing water losses because it is highly dependent on supply time, average operating pressure and level of consumption. In developed countries NRW is used as financial indicator and not as an operational indicator, whereas the Infrastructure leakage index (ILI) is used as a technical performance indicator for real losses. While using ILI in the developing world, most utilities do not have reliable information on the actual network length; Maps often show only a fraction of the existing network and hence ILI is overestimated. The pressure data and pressure loggers are not available and hence estimated average pressure usually too high, therefore ILI is underestimated. It is, therefore, the need of the hour to develop suitable performance indicators that could be appropriately used under different circumstances in various countries. Performance indicators and benchmarking efforts should lead toward the vision of water supplies for all.
2.1.12. [bookmark: _Toc65077705]Improving organizational management and provision of training
For an effective management of water supply service in general and water loss and leakage in particular, water   supply   providing   institutions   must   have   an   appropriate   organizational management.   The   organizational   aspect   related   to   the   water   loss   management   is   well addressed   in   the   organizational   structure   of   ATWSSE, but   shortage   of   qualified   and experienced   personnel   is   the   major   problem of   the   country   in   general   and   ATWSSE in particular. Capable management and technical staff are paramount in order to achieve better performance.  Offering a continuous theoretical and practical training based on the need is also important. Due to the complex nature of water loss and leakage commitment of staffs at all level is also very important. Effective leakage management an input from a number of different personnel and unless, they are all committed, the implementation of any water loss reduction programmed will not be efficient, it may then be difficult to maintain the infrastructure which has led to lower leakage levels (Welday, 2005).
2.1.13. [bookmark: _Toc59365652][bookmark: _Toc65077706] Proper maintenance and renewal
[bookmark: _Toc59365653]One of the major causes for the increase of water loss is the usage of poor-quality materials and poor workmanship. In spite of the many pipe networks in the city seem to have younger ages, the loss found from the analysis reaches up to 25% of the production. The main reason for this might be the usage of poor quality of material and poor workmanship. Therefore, care should be taken while maintaining existing networks and installation of new ones.  While rehabilitation of any mains is planned, due attention should be given to maintain as well the service connections fed from the mains. Replacing an old water main with a new installation will undoubtedly reduce on the main. Most leakage occurs on service connections and, unless the service connections are also renewed, the benefit may not be a great as the first estimated (Welday, 2005).
2.1.14. [bookmark: _Toc65077707] Regular inspection of the water network
[bookmark: _Toc59365654]Ones the locations of highly suspected leaking networks are identified due attention should be given to inspect for these areas and any leaks should be well recorded as it will be a good base   for   further   maintenance   or   replacement.   Regular   inspection   supports   to   find   the problematic   areas   and   take   action   immediately   before   much   water   is   wasted.   Regular inspection should not be limited only to the network systems and supply meters but also to the customer meters.
2.1.15. [bookmark: _Toc65077708]Calibration and replacement of customer meters
One of  the  main  causes  for  the  water  loss  is  the  under-recording  of  customer  meters.  The usage  of  poor  material  quality  also  holds  true  for  the  customer  meters.  Unless  meters  are regularly  calibrated  and  those  not  functioning  well  are  either  maintained  or  replaced  the water loss reduction programmed will not be effective. Until recently, the water authority was checking  the  customer  meters  only  if  it  is  requested  by  the  customers  themselves,  but  this might   only   help   the   customer   not   to   pay   more   as   such   requests   are   usually   for   over registration.  Therefore  systematic  checkup  of  the  customer  meters  is  important  not  only  to identify the magnitude of the loss but also to maintain and replace when necessary.
[bookmark: _Toc65077709]Basic Principles of Hydraulic Modelling
The network hydraulic model provides the basis for Modelling water supply in distribution systems. This event provides a characteristic of hydraulic Modelling, an overview of model inputs, and general criteria for selection and application (Cincinnati, 2005). Using simulations, problems can be anticipated in proposed or existing systems and can be evaluated before time, money, and Materials are invested in a world (Hickey, 2008).When a water distribution system does not provide water 24 hours per day to their customers, but they are supplied by turns during some hours, such a system is named as intermittent. Therefore, these systems may have zones of the network with empty pipes, while some other zones receive water with low pressures. 
Model-based simulation is a method for mathematically approximating the behavior of real water distribution systems. To effectively utilize the capabilities of distribution system simulation software and interpret the results produced, the modeler must understand the mathematical principles involved. 
According to (Thomas, 2003). There are two most basic types of simulation that a model depends on. 
Steady-State, Simulation   
Computes the state of the system (hydraulic parameters such as flows, pressures, pump operating appearances, valve positions) by assuming that demands and boundary conditions were not changed to time (Thomas, 2003).

Extended Period Simulation 
Computing the state of the system as the information required by a steady-state model, where the system can to provide the acceptable; levels of the model with the duration multiple of 24 hours with the hydraulic demand and boundary conditions do change to time  (Lemma, 2011)
[bookmark: _Toc65077710] Hydraulic Modelling of Water Distribution System
According to Haestad (2003) States that several computer programs are available for Modelling, analyzing, performance evaluated under various physical and hydraulic condition including, EPANET, Bentley waterCAD, and Bentley WaterGEMS for Modelling distribution network systems have been designed for each of the pressure zone based on the design top and bottom water levels of the associated reservoirs and the agreed design criteria using the hydraulic Modelling computer program
2.1.16. [bookmark: _Toc65077711]Use of Modelling Application
Modelling of water supply schemes is an excellent tool for qualifying real-world crucial problems, emergency response, planning, estimation, and understanding of different types of water losses. Also, a model is important for water supply distribution systems due to its complex topology, frequent maintenances, and changes. As a result, the way to develop a model is to break it down into its components and work through each step. Some tasks can be done in parallel while others must be done in series. 
The undertaking of any Modelling project is to develop a consensus within the water utility regarding the need for the model and intended purpose for which the model will be used for both short- and long-term periods. Before these, there is no single correct way to use models on the case of how a model application used to last. For example, for design purposes, it differs depending on whether the model is being used for master planning, preliminary design, subdivision development, or system rehabilitation (Haestad, 2003). Also, every type of model has a specific goal, characteristics and Modelling purposes interims of diverse application; therefore, it should not be viewed as an isolated endeavor by a single modeler but rather a utility wide effort with the modeler as the key worker.
2.1.17. [bookmark: _Toc65077712]Water Distribution Network Model Selection
Due to the rise of advanced computing techniques and applications, there are various computer software developed for the design and analysis of water distribution networks like EPANET, Water CAD, Water GEMS, etc. Among these applications software’s Bentley Water GEMS/CAD at the current time is well-known throughout the world due to its availability, functionality, user interference, compatibility, etc. 
The advantages of WaterGEMS CONNECT Edition Update 2 over other software’s its tools for a simplified model building with geospatial modules like water quality modelling, fire flow analysis, optimization and scenario management, etc. WaterGEMS CONNECT Edition Update 2 is thus easy to use as a multipurpose water distribution schemes as well as quality Modelling. Also, the main advantage of WaterGEEMS application is its various tools like Darwin designer for analyzing the cost of pipes and pipe catalog tools which are found to be very effective for Modelling, design, and optimization of water distribution network concerning strong data management and integration along with AutoCAD, ArcGIS and other related software packages (Bentley Systems, 2014).Moreover, the choice of software’s for Modelling distribution network is based on the overall cost of the project, data required by software’s, specificity of the software related to types of distribution networks it can handle as well as its computational requirements. 
Bentley WaterGEMS CONNECT Edition Update 2 
WaterGEMS CONNECT Edition Update 2 is a powerful tool for hydraulic Modelling software package with the advancements in highly competent and active Modelling software, which provides wide management of investigation and resolutions for fire-flow analysis, water quality Modelling. Many of the features and functions are common in Water CAD V8i and WaterGEMS CONNECT Edition Update 2, which modernizes the model building, integrated with the GIS and AutoCAD functionalities, and optimized model calibration, scenario management, design, and its operations (Rudolf, & Liemberger, 2010). The best part of the Water GEMSCONNECT Edition Update 2 is the presentation of obtaining results which is very attractive and appealing and can be presented with a variety of graphical tools include Arc Map conception, thematic charting, contouring, outlining with color coding and symbology. WaterGEMS CONNECT Edition Update 2 is selected due to the ease of model building and operation and is greater programming competencies as compared to water CAD V8i.  The software finds the lowest allowable diameter for each pipe segment that will allow the system to function, or more specifically, to meet the minimum pressure requirements at all junctions (Shinde, et al., 2018).
Input data for assembling the model
[bookmark: _Toc41520513][bookmark: _Toc44890117][bookmark: _Toc52522564]Brown (2007) has recognized as a water distribution system model is created using a link- node formulation that is governed by two conservation laws, namely mass balance at nodes and energy management round hydraulic nodes. The node is an idea where water drinking is allocated and defined as demand which treated as the nodal hydraulic head can be solved. This design is valid only if the hydraulic pressure at all nodes is acceptable so that the demand is autonomous of pressure. All the nodes are connected by the pipes. In practice, pipe networks consist not only of pipes but composed of various fittings, services, storage tanks and reservoirs, meters, regulating valves, pumps, and electronic and mechanical controls. For Modelling purposes, these system elements were organized into the following categories (Hussni, & Zyoud, 2003a).
[bookmark: _Toc64556576][bookmark: _Toc64645860]Table ‎2.1: Input parameters and the primary purpose of water GEMS tools
	Label
	Type
	Primary Modelling purpose
	Input data

	Reservoir
	Node
	Provides water to the system
	Hydraulic Grade Line, water surface elevation

	Pump
	Node/Link
	Provides energy to the system and raise the water pressure to overcome elevation deference and friction loss
	Elevation, pump definition (characteristics of max, operation and design discharge, head efficiency)

	Tank
	Node/link
	Store execs water within the system and release that water at the time of high usage
	Base elevation, maximum elevation, minimum elevation and Diameter

	Valve
	Node / Link
	Controls flow or pressure through a pipe and results in losses of energy in the system
	Elevation, diameter, valve type

	Pipe
	Link
	Transport water from one node to another node
	Diameter, material, Pipe length and roughness coefficient

	Junction
	Node
	Discharge the demand required or recharge the inflow water from/to the system
	Elevation


(Source: Hussni & Zyoud, 2003a)
[bookmark: _Toc27449946][bookmark: _Toc65077713]Estimation of Water Demand
According Melaku Abebaw, (2015), when determine the water supply scheme of a city or town we have to know the total yearly, monthly, daily as well as hourly demand variation in the demand rates. There are so many factors involved in determining demand that make the actual demand estimation unreliable. However, the demand for various purposes is divided under the following categories: Domestic water demand (the amount of water needed for drinking, food preparation, washing, cleaning, bathing, and other miscellaneous domestic purposes), Nondomestic demand, Business or commercial water demand, Industrial water demand and Fire demand. One of the difficulties faced by the water service office is determining the accurate water demand if the town as the consumption during the past years that have been used as a base is far below the actual demand due to shortage of water. There are two primary approaches to water demand Modelling: deterministic water demand estimation, and stochastic demand estimating. Within the deterministic approach, the actual water demand for all major users is evaluated certainly based on anticipated water consumption over the service time. Be that as it may, stochastic water demand estimating considers questionable changes on water demand over time and area ranges (Mays, 2004).
[bookmark: _Toc65077714]Water Supply System Distribution Networks
Water distribution networks are very important lifeline structure systems, where failures are inevitable. Typical WDNs consists of network pipes, nodes linking the pipes, storage tanks, reservoirs, pumps, additional appurtenances like valves. According to Belay (2020) The water distribution system represents a major portion of the investment in urban infrastructure and a critical component of public works. The main goal is to design a water distribution system to deliver potable water over spatially extensive areas in required quantities and under satisfactory pressures. has recognized as water supply distribution network system, which enables to obtain the existing water supply system and water loss in the distribution system is a growing management problem in Ethiopia, there are few studies conducted on the existing Modelling of urban water supply in the country related to water loss and coverage. For domestic consumption, the water demand in a community is estimated by per capita consumption, Per capita consumption of water distributed to the network separated by the number of residents connected to the network in 24 hours l/c/day.
2.1.18. [bookmark: _Toc65077715]Problems of the water distribution system
Water flow is the function of several things, including the size and shape of the opening, and the pressure at the opening (Rossman et al., 2003). Typically, city water supplies are at        40-70 m, (static pressure). The older private system is set to maintain water pressure between 20 m and 40 m which is too low for some lifestyles; plumbers can set systems higher if the pump is capable of delivering higher pressure (MoWR, 2002).
2.1.18.1. Water pressure drops due to gravity
Tezera (2011) stated that gravity another source of pressure loss in a residential plumbing system. Energy is required to push the water uphill. For every 0.305 m of elevation increase in a pipe, approximately 0.434 m is lost. With no water flowing, the static pressure available at the street main may be 60 psi, but the static pressure at the second-floor basin would be 52 m.
2.1.18.2. Water pressure drops due to corrosion.
According to Hutton and Haller (2014) When the water pressure is poor in the distribution system, the most common cause is corroded galvanized steel piping. The common 12.7 mm diameter piping can close down so that the opening is only 3.18 mm diameter or even less. The only solution is to replace the pipe typically with copper. It is omen wise to replace with a large diameter size pipe on the main feeds to least to improve pressure. When galvanized steel pipe is present, and pressure is low, it is common for accessible pipes running across the basement ceiling to be replaced first.
2.1.18.3. Water pressure drops due to distance from the source  
Hutton and Haller (2014) stated that if more water is flowing, the pressure drops more at each point along the pipe. The more fixtures flowing at once, the greater the pressure drop at all fixtures and the lower at each fixture.
2.1.18.4. Other causes of poor water pressure
The supply line from the street to the house may be undersized, damaged, or leaking. Long runs of relatively small (13 mm diameter) pipe within a house will result in considerable pressure drop. A clogged pipe within the house will adversely affect the pressure.        Also, defective, undersized or poorly adjusted pump will result in poor pressure (RATA, 2018).
[bookmark: _Toc65077716]Review of Related Studies
Shimeles (2018) conducted a research titled “water Supply Coverage and Water Loss in Distribution systems with Modelling (The Case Study of Addis Ababa)”. His intention was to assess the supply coverage and explore the water loss in city water supply distribution system. The researcher attempted to quantify the average water supply per person at city level and determine water loss as leakage at the city level and at the sub system level. In his findings, he found the average water supply coverage of the city as 86.59 litre/capita/day and water loss at city level and sub-city level as 39% and 37.56% respectively.
The other research titled “Water Supply Coverage and Performance Evaluation of Distribution System Using Hydraulic Simulation Software.”(The Case of Jijiga Town) conducted by (Demelash, 2020). The intention of the researcher was to improve hydraulics performance of Jijiga city water supply distribution system and control its operation, Water CAD software was used as tool to model water distribution system analysis. The Modelling effort included only hydraulic performance Modelling. In his findings the model analysis result shows the different problems of the system. These are aged pipes, oversized and undersized pipes, low and high pressures and shortage of water from the source.    
Saleamlak (2018) also conducted a research titled “Hydraulic Modelling and Improvement of Addis Ababa Water Supply System (The Case of Bole Bulbula)”. His intension was to assess supply and demand gap analysis, hydraulic and water quality Modelling, water loss in water distribution system. The researcher attempted to analyse evaluating hydraulic performance of the distribution system as well as analysing issues of supply network and water quality in the distribution system in selected sub-city. In his findings, he found the Domestic water supply coverage of the sub-city by family connection (57%) and average base line demands (58 l/c/d) and 8.33% of the system’s total distribution hydraulic performance improved by resizing existing distribution mains pipes with respect to low pressure and Excessive rate of unaccounted for water is estimated (34.46%). The researcher used model to evaluate alternative scenario to improve system performance. 
The other research titled “Urban Water Supply System Performance Assessment” (The Case of Holeta Town, Ethiopia) conducted by RATA (2018) His intension was to assess the problem of Holeta town water supply and distribution system. In his findings, he found the performance of Holeta town water supply system based on main performance indicators namely high-water loss, water quality, and inadequate water supply coverage, satisfaction of customers and operation and maintenance. The distribution system is evaluated by running the system of water supply by WaterGEMS V8i. 














3. [bookmark: _Toc65077717]MATERIALS AND METHODS
[bookmark: _Toc65077718]Description of the Study Area
Areka is the center of Boloso Sore Woreda which is one of the 13 Woredas of Wolayita Zone in the Southern Nations, Nationalities, and Peoples' Region of Ethiopia. Areka is found 299 km away from the Addis Ababa, 158km away from Regional capital, Hawassa and 29 km from Sodo Which is the capital city of Wolaita zone. The town is located between 70 and 7011"00' N Latitude and 370  and 37050"00' E longitude and the elevation ranges from 1,774 to 1,812 meters above sea level. The town gets a mean annual rainfall of 1290 mm and average temperature of 190C.
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[bookmark: _Toc64645923]Figure ‎3.1: Location map of the study area

[bookmark: _Toc65077719] Methods
3.1.1. [bookmark: _Toc65077720]Study Work Steps
The first step of this study was evaluation of the water supply coverage and current and future water demand of the town. Evaluating the water supply coverage focused on the volume of consumption and level of water connection. The next step was evaluating and identifying the loss of water due to leakage and bursting problem of the main pipe system. The loss was evaluated by using data of water production and consumption which was collected by Areka Town Water Supply Service Enterprise (ATWSSE) for the purpose of fee collection. To identify the bursting problem of main pipe line same part of the distribution pipe line elevation and other relevant data has been collected and used to analysis by WaterGEMS model in order to assess the performance of the distribution network. Moreover, pressure data was measured and used to calibrate the model. Finally, from analyzed data, problems were identified and remedial measures were suggested.
3.1.2. [bookmark: _Toc65077721]Materials and Tools Used 
To achieve the goal of the research the materials that were used are, a Pressure gauge to measure the pressure at the nodes and pump outlet. Software tools that have been used are computer Zotero, Google Earth Pro, ArcGIS 10.3, Bentley Water GEMS CONNECT Edition Update 2, AutoCAD 2016 and etc. GPS instrument was also used to collect the required coordinate and elevation data during pressure reading. Pressure readings were done using pressure gauge which is commonly taken in the selected points of distribution system.
3.1.3. [bookmark: _Toc65077722]Data Collection and Source 
The source of data was involved both primary and secondary data. For this study, the primary data were obtained from pressure reading, elevation surveying and made of discussion with water utility staff members to obtain additional relevant information on the subject matter. While, secondary data were collected from different literature reviews, design report, the town water supply service office existing documents and annual reported papers.
The Areka water supply system has no organized data specially for old distribution network; hence all relevant primary data of main and distribution pipe line network has been collected. The secondary data of gravity main line used to compare with the surveyed data, current population, Consumption and production data and level of connection data are collected from concerned governmental institutions.

3.1.3.1. Collected Primary Data
Primary data is collected through field survey and from key personnel’s of Areka Town WSSE. The data collection process included consultation and discussion with the respective officials of various agencies and institutes such as city administration, municipality, agriculture office and finance and economic office.
· By using GPS surveying instrument coordinate and elevation data of selected nodes were collected during pressure measurement on ten points by using pressure gauge.
· The type of pipe materials, fittings and valves has been collected from the site in order to identify whether the system have material quality problem or not. 
· Pressure measurement is taken at different time and in different locations to perform calibration and validation. Pressure measurement throughout the entire day was conducted at Critical times were selected while pressure gauges were taken. According to the water services recommendation, these critical times were fixed based on the peak hour demand rate of the users which covers the time between 8:00-12:00 AM, 2:00-6:00 PM and 8:00- 12:00 PM. The operating performance indicator (unavoidable annual real loss) was calculated taking the average pressure in meter during night time.
· Discussion with the officials and experts in the concerned government office to acquire necessary information on WSS
3.1.3.2. Collected Secondary Data
Secondary data gathered from the available data source such as reports and projects documents, census and survey reports, books, journals, internet as well as other published and unpublished documents. Input data is collected for the analysis and modelling of distribution system should be using the type, size, diameter, discharge, age of pipe, GPS reading of service reservoirs and junctions. The collected secondary data includes:
· Hydraulic analysis of main pipe line from design document and used to compare with the model analysis result made by using primary surveyed data.  
· Total number of population and some other relevant documents.
· The amount of customer data as per level of connection is collected which used to analysis the coverage.
· Three years Water production and Consumption data used to analysis the Water loss. 
Computer software called WaterGEMS used to evaluate/analysis of Areka town water supply distribution system. To compute the friction had losses Hazen Williams’ equation was used with the assumption with that viscosity is constant
[bookmark: _Toc64556577][bookmark: _Toc64645861]Table ‎3.1: Quantity of pipe material in distribution system
	Pipe Type
	Length (m)
	Coverage in System (%)

	DCI
	3,340
	15.96

	GI
	8,930
	42.69

	Rigid PVC
	8,650
	41.35

	Total
	20,920
	


      (Source: Areka Town Water Supply Service Enterprise)
3.1.4. [bookmark: _Toc65077723]Existing Water Supply System
The existing water supply system generally consists of one developed spring, two boreholes with pump and Generator, rising mains, service reservoirs, gravity mains & distribution networks.  The main source of the Areka town water supply system is Shama Spring source it constructed in 2002 E.C located about 4.5 km from the town and the discharge of the spring was 9.26 l/s or 800.064 m3/day.
In addition, there are two BH’s, one is located near Addisu Gebeya and it was developed in 1972 E.C having discharge of 2.5 lit/sec and the other Dubbo BH is located near river cross with a discharge of 3.97 lit/sec which is developed in 1986 E.C. There are two other BH which are serving private institutions only. All these sources together cover 14.10% the Town current standard demand.  
With regard to storage facilities, there are three reservoir locations in the town. The 20m3 elevated fibre glass reservoir located inside the Town Agriculture office and the other reservoir is the 100m3 masonry reservoir located inside Dubo High-school. The remaining concrete reservoirs 200m3 and 100m3 which are working in interconnected system both are located near Areka Agricultural research centre.  Also, there is one non-functional 100 m3 concrete reservoir because of design problem. The two boreholes produced a total of 6.47 lit/sec or 372.67 m3/day for 16-hour pumping. The total water produced from the boreholes and the spring was 50.805m3/hr. or 1172.73m3/day
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[bookmark: _Toc64645924]Figure ‎3.2: Shama spring eye development and structure 50m3 underground wet well
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[bookmark: _Toc64645925]Figure ‎3.3: Service Reservoir 200m3 and 100m3 from shama spring source and Borehole constructed at 1986 E.C
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[bookmark: _Toc64645926]Figure ‎3.4: Service Reservoir 20m3 from 1972 constructed boreholes
3.1.4.1. Operation & Maintenance Information of the Town 
The system is operated by the town utility operator. A progressive mode of tariff was set by the town water board (TWB) and collection of water revenues is being carried out by the utility operator and utilizes it for operation and maintenance of the town water supply system. As reported by the utility operator all customer connections are metered including the Public Taps. The utility operator has operation & maintenance manual, ‘as built’ drawing, technical data sheet for electro-mechanical equipment, pipes, fittings and accessories. But they are not updated and revised. The utility operator is being trying to update them by this time but technical support is required.


[bookmark: _Toc65077724]Water Supply Coverage 
The water supply coverage of study area is evaluated based on the average per capital consumption by using yearly domestic consumption with the current population and level of connection per family by using the total domestic connection as per average family size. The whole system water supply coverage has been evaluated by considering domestic as well as Non-domestic user by using Design guide line of MoWR (2006). For this study the average family size of 5 was used.   
Per Capital Consumption (l/person/day) = ………… (3.1)
Connection per family=  …………... (3.2)
[bookmark: _Toc65077725]Analysis of Water Demand Coverage of Areka Town
3.1.5. [bookmark: _Toc65077726]Town population projection
Several methods are used to forecast the population but, their result varies from one method to another. Selection of appropriate method for particular town needs to consider over all current situation of the targeted town. Because of town was fast growing town, where relatively high economic activities were observed at the same time continuous expansion of town due to various reasons was experienced, so that, for this study Geometric increase method of future population forecasting is used because this method is mostly applicable for emerging towns having that vast scope of expansion. It is expressed as follows:
     Pn = Po*   ………………………………………………………………… (3.3)
  Where: Po = Initial known population i.e., the population at the end of last known census.
               Pn = population after n years
                r = Annual population growth rate in %
                n = number of years of the concerned period.
Therefore, the future population of Areka town was projected by using the method for period of 2020 to 2042.



The Cohort Component Population Projection Method

The Cohort Survival Projection Method is a simple method for forecasting what the future population will be based upon the survival of the existing population and the births that will occur. This method can be applied for any period of time but it typically it involves five-year steps. Applied once it would give the population five years ahead; applied twice it would give the population ten year ahead. For five year projection the base year population must be given by five year age groups. The key bits of information, besides the base year population, is the five year survival rates and the fertility rates for females by five year age groups. 
	Cohort Survival Projection of Population

	Age Group
	Base Year
Population
	Survival
Rate
	Future
Popultion

	0-4
	P0
	S0
	 

	5-9
	P1
	S1
	P0S0

	10-14
	P2
	S2
	P1S1

	15-19
	P3
	S3
	P2S2

	…
	…
	…
	…

	80-84
	P16
	S16
	P15S15

	85+
	P17
	S17
	P16S16+P17S17



As illustrated in the table, the base year population of an age group is multiplied by the survival rate for that age group and the result entered into the table one row down. For the last age group, the 85+ cohort, people in that age group five year ahead can arrive in that category either by surviving from the 80-84 cohort or from the 85+ cohort in the base year.

The number of children in the 0-4 cohort are forecast on a different basis than the future populations of the other cohorts. They are the result of births over the five year period. The fertility rates are the ratio of the number of births in one year for females in each age category. For the pre-puberty and post-menopausal age categories they are zero. Number of births in a year is the sum of the products of the female population times the fertility rates; i.e.,
B = ΣPiFi
To get the number of births over the five year period some other computations must be performed. The simplest procedure would be to simply multiply the annual births by five. A better procedure is to take into account the possible changes in the age distribution of the female population by using the projected populations as well as the base year population. Let B0 be the annual births computed from the base year population and B1 the births based upon the projected population. These are roughly the births in the first and last years of the projection period.
With no other information available the average number of births per year in the projection period is the average of B0 and B1. The number of births over the five year period would then be 5(B0+B1)/2. After the female population is projected then the survival of the male populations is projected by the same method as for the female cohorts but the 0-4 male population is already computed from the projection of births.
3.1.6. [bookmark: _Toc65077727]Present and Future Demand Forecasting
For this study water demand is classified in to two major categories as domestic and non-domestic water demand. Domestic water demand is water that is required for cooking, toilet flushing, bathing, drinking, and washing of face, clothes and utensils, etc. whereas non domestic water demand includes industrial demand, institutional demand, firefighting demand, water lost and waste, and public demand.
3.1.6.1.  Domestic Water Demand 
Estimation of water demand per mode of service and estimation of population by mode of service was used to calculate the average per capita water demand. The average per capita domestic water demand for each year was computed by combining water demand by mode of service and population percentage distribution by mode of service for the year 2020-2042.
There are four modes of services identified for domestic water consumption of town such as, house connection user, yard connection user, yard shared connection user and public tap user. The per capital water demand for various categories of the town was adopted by taking into account the different development factors and standards used by the Ministry of Water Resources (MoWR, 2006).
i. Population percentage distribution by mode of service
The mode of service is an important element to assess the level of water coverage of the town. Based on the available data obtained from the Water Supply Service during the field visit in 2020; four major modes of service were identified for domestic water consumers. These are house tap users (HTU), yard connections users (YCU), yard shared Connections users YCU(S) and public tap users (PTU). The distribution of population for each mode of services was determined by considering socio-economic situation and living standard of the town (MoWR, 2006).
ii. Per-capita domestic demand by mode of service   
The per-capita domestic water demand for various demand categories varies depending on the size of the town and the level of development, the type of water supply scheme, the socio-economic conditions of the towns and the climatic condition of the area. The per capita water demand for adequate supply level has to be determined based on the basic human water requirements for various activities of demand category (MoWR, 2006).
Adjustment to climate
[bookmark: _Toc45242647][bookmark: _Toc52522540]In addition to per-capita water demand and mode of services which influence the quantity of water consumption, the climate also affected the water consumption and the per-capita domestic demand was adjusted by factors which is given in table 3.2.
[bookmark: _Toc64556578][bookmark: _Toc64645862]Table ‎3.2: Climate Adjustment factor (MoWR, 2006)
	Altitude
	Factor

	>3300
	0.8

	2300-3300
	0.9

	1500-2300
	1

	500-1500
	1.3

	<500
	1.5


Adjustment for socio-economic activity
[bookmark: _Toc52522541][bookmark: _Toc45242648]The domestic water demand also depends on the socio-economic situation of the area. Thus per- capita domestic water demand was modified using appropriate factor. The demand adjustment factors in socioeconomic situations were given in table 3.3
[bookmark: _Toc64556579][bookmark: _Toc64645863]Table ‎3.3: Demand adjustment factor for socioeconomic situation 
	Group
	Description
	Factor

	A
	Towns enjoying living standard and with very high potential development
	1.10

	B
	Towns having a very high potential for development, but lower living standard at present
	1.05

	C
	Towns under normal Ethiopia condition
	1.00


3.1.6.2. Non-Domestic Water Demand  
i. Institutional Water and Commercial Demand
The water required for schools, hospitals, health centre, government offices and services, religious institutions and other public facilities is classified as institutional water demand whereas the water required for restaurants, shopping centres, local drinks, and other commercial purposes, is classified as commercial water demand. Both water demands are termed as public water demand. This type of demand is recommended 10% of the domestic demand.
ii. Industrial Water Demand
Water required under this head depends mainly on the type of industry in the town or area. The water required by factories, paper mill, textile mills, breweries, sugar mill, etc. comes under industrial uses. This demand accounts 5-10% of the total domestic water demands. In Areka town there is no huge industries, so for this study industrial demand was taken as 10% of domestic demand.
iii. Livestock Water Demand
Animal demand may be required if there are no water sources to the proximity of the town. From the existing information and observation made around the town there is a nearby river called Shama River. Therefore, it is believed that some of the animal demand will be meeting from Shama River and therefore about 5% of domestic demand is considered.
iv. Fire Demand
Fire demand is the quantity of water required for fighting a fire that may break out at commercial center, stores, etc. in the town. Fire demand can be expressed as a function of population and it is estimated by using empirical formula. But, in Ethiopia, the demand is generally taken care of by increasing the size of service reservoirs by 10 % (MoWR, 2006).
v. Unaccounted water demand 
This includes the quantity of water due to wastage, losses, etc. from water supply systems vary considerably according to diverse factors. System losses are a function of the quality of construction, the type and age of pipes in the distribution network and pressure within the system (MoWR, 2002). For urban schemes, unaccounted water equivalent to 25% of the total domestic, commercial and institutional, and industrial water demand was assumed. Note that the total water demand is the sum of domestic demand, unaccounted for water and non-domestic demand.
Variation of Water Use
The maximum daily water demand and peak hour demand coefficients and factor respectively figured out in table as the guidelines.
[bookmark: _Toc64556580][bookmark: _Toc64645864]Table ‎3.4: Maximum daily coefficient and peak hour factor
	Maximum daily coefficient
	Town population
	Peak hour factor

	2.00
	0-50,000
	2

	1.55
	50,001-100,000
	1.8

	1.45
	>100,000
	1.6

	1.35
	
	


      (Source: MoWR, 2006)
In demand analysis knowing maximum daily demand and peak hour demand are very crucial. The maximum daily demand is based on the average daily water required and peak hour demand is greatly influenced by population size.
[bookmark: _Toc65077728]Water Loss Analysis
One of the major challenges of water utilities is high volume of water loss in their distribution networks. If a large quantity of supplied water is lost; it is difficult to meet the required demands, and correspondingly made challenges to keep the water tariffs in the system at a reasonable level. Whereby, water loss for town was assessed and discussed as follows.
3.1.7. [bookmark: _Toc65077729]Quantifying Total Water Loss
In order to evaluate the total loss of water in the town, the total volume of water input to the network distribution system was compared with the actual water consumption. In this case, the data on consumption were collected to the entire town level. The total annual water produced and distributed to the system and the water billed that was aggregated from the individual customer meter readings were used to quantify the total water loss for the town. All the water consumptions in the town were metered as the authorized non-metered consumption are insignificant while compared with the total water production, the unaccounted-for water (UFW) has been used as a similar   of the total water loss in this study.
Certain level of water losses cannot be avoided from a technical point of view and considered as acceptable from an economic point of view. According to AWWA leak detection and accountability committee (1996) recommended 10% as a benchmark for UFW (Sharma, 2008).  
3.1.7.1. [bookmark: _Toc59365675]Water Loss by Mathematical Calculation  
Water loss expressed as a percentage can be an appropriate means to show the extent of the loss within a given town, but it is not a good indicator for comparing the losses from one area to another. Water loss as % of net water production was used to quantify losses as it could be expressed by Equation 3.4 (EPA, 2010).
UFW (%) = ..………...…...…... (3.4)
UFW levels less than 10% is acceptable and no need for monitoring action where as UFW levels 10-25% is intermediate and could be reduced. UFW levels above 25% are very acute and it requires immediate action for water loss management.
3.1.7.2. [bookmark: _Hlk63184295]Water Loss by Water Balance Method
The AWWA Water Balance diagram shown in table 3.5 portrays all component volumes of water supplied, delivered to customers, or lost during the course of a reporting year. Each box represents an annual volume of water, and each column totals to the same amount of water. Thus, all columns “balance” as water moves across the system, and all water is accounted for. Accordingly, there is no “unaccounted-for” water, and AWWA recommends against use of the term “unaccounted-for water.” Instead, AWWA recommends use of the term NRW. The water balance diagram provides accountability for water utilities by defining a clear path to quantify the loss volumes and demonstrate how those losses affect utility operations.
[bookmark: _Toc64556581][bookmark: _Toc64645865]Table ‎3.5: Classification of water balanced method
	[bookmark: _Hlk62520525]System input volume
A1
	Authorized Consumption
A2= A4 + A5

	Billed Authorized Consumption 
A4= A8 + A9
	Billed Metered Consumption
A8
	Revenue Water
A18 =A8+A9

	
	
	
	Billed Unmetered Consumption
A9
	

	
	
	Unbilled Authorized Consumption
A5= A10 + A11
	Unbilled Metered Consumption
A10
	Non-Revenue Water (NRW)
A19 = A1-A18

	
	
	
	Unbilled Un metered Consumption
A11
	

	
	Water Loss
A3= A1-A2
	Apparent Losses
(Commercial Losses) A6 = A12 + A13 + A14
	Unauthorized consumption
A12
	

	
	
	
	Customer meter inaccuracies
A13
	

	
	
	
	Systematic data handling Errors 
A14
	

	
	
	Real Losses
(Physical Losses)
A7 = A15 +A16 +A17
	Leakage in Transmission and Distribution Mains A15
	

	
	
	
	Storage Leaks and Overflows from water storage Tanks A16
	

	
	
	
	Service Connection leaks up to the meter A17
	


3.1.7.3. Unavoidable annual real losses (UARL)
UARL represents the allowable volume of real losses from the system, which estimated a volume of leak that are undetectable or would be uneconomical to repair during the year. This can help to evaluate the feasibility of real loss minimization (provides better understanding of real loss component). The total length of main pipes was 20.92 km, number of service connections was 6,833 and the average pressure 29.71 m from the result of Water GEMS was used in the calculation of UARL. Based on the analysis, unavoidable annual real losses of town were determined as:
UARL= (18*Lm+0.8*Nc+25*Lp) *P……………………………………………… (3.5)
Where, UARL = unavoidable annual real losses (l/d)  
            Lm = length of main pipes (km)
            Nc = number of service connections (main to meter)
         Lp = Total length of private pipe property line to customer meter (km) or length of unmetered underground pipe from street edge to customer meter (km)
            P=average operating pressure (m)
[bookmark: _Toc65077730] Hydraulic Model Analysis 
3.1.8. [bookmark: _Toc65077731]Modelling of water supply system 
By using surveyed data of pipe line, Size of pipe, material type data of the pipe line, elevation and other relevant parameters the water supplies network was developed by using WaterGEMS software.  The hydraulic analysis has been done under the conditions like average loading condition, peak loading condition and under low loading condition. Elevation, base demand, length of the pipe, pipe size and type of pipe materials were the input of waterGEMS model and velocity and head loss at pipe and pressure at every junction was the output. 
3.1.9. [bookmark: _Toc65077732]Data Organization  
The collected primary and secondary data was organized on Micro soft excel sheet. The tabulated data includes the elevation, pipe length, pipe size, pipe material type and the demand of each junction, base, minimum, initial and maximum elevation of the reservoirs and the maximum, average and minimum head and discharge of the pump were well organized and using Micro soft excel sheet.
3.1.10. [bookmark: _Toc65077733]Nodal Demand Computation & Water Demand Analysis
The regular water peak demand of this study area was distributed among the nodal nodes which applying the proportional area distribution method by using WaterGEMS COCONNECT Edition Update 2. The proportional areas for each node were determined by generating Thiessen Polygon for that node using manual loading. For this purpose, at first the bounding areas for demand distribution were determined by the geo-referenced aerial image by using Global Mapper software. Then this bounding polygon was segmented into Thiessen Polygons for the model nodes.
3.1.11. [bookmark: _Toc65077734]Model Calibration and Validation 
Model calibration is the process which lies in matching the simulated and observed pressure and head loss as a result of loading under various demand conditions for a specified time horizon to an established degree of accuracy. Once a water distribution model has been developed, it must be calibrated so that it accurately represents the actual working real life water distribution network under a variety of condition. This involves making minor adjustment to the input data then the model accurately simulated the pressure rate in the system. For model calibration, pressures are measured in the water distribution system at ten points using pressure gage instrument.
There are many ways to judge on the performance of model calibration, the calibration statistics used in this study was by calculating the squared relative difference between observed and simulated pressure for each test. The results and the observation data were entered to an excel sheet and the value of squared error was calculated for every test then the mean square error and standard deviation calculated from Excel sheet: the lower values of these parameters, the higher is the accuracy of the calibration process. 
 




Governing Equation of the Model WaterGemes 
In hydraulic applications, energy is often represented as energy per unit weight, resulting in units of length. Using these length equivalents gives engineers a better feel for the resulting behavior of the system. When using these length equivalents, the state of the system is expressed in terms of head. The energy at any point within a hydraulic system is often represented in three parts:
	Pressure Head:
	p/ γ

	Elevation Head:
	z

	Velocity Head:
	V 2 /2g



	 
	p
	=
	Pressure (N/m 2 , lb./ft. 2 )

	 
	γ
	=
	Specific weight (N/m 3 , lb./ft. 3 )

	 
	z
	=
	Elevation (m, ft.)

	 
	V
	=
	Velocity (m/s, ft./sec.)

	 
	g
	=
	Gravitational acceleration constant (m/s 2 , ft./sec. 2 )



These quantities can be used to express the head loss or head gain between two locations using the energy equation.
In addition to pressure head, elevation head, and velocity head, there may also be head added to the system, by a pump for instance, and head removed from the system due to friction. These changes in head are referred to as head gains and head losses, respectively. Balancing the energy across two points in the system, you then obtain the energy equation:

[image: https://docs.bentley.com/LiveContent/web/Bentley%20HAMMER%20SS6-v1/en/GUID-86B23C735B4E4B55BC56BDCB7A2AD887-low.png]
Where:
p = Pressure (N/m2, lb./ft.2)
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= Specific weight (N/m3, lb./ft.3)
z = Elevation at the centroid (m, ft.)
V = Velocity (m/s, ft./sec.)
g = Gravitational acceleration constant (m/s2, ft./sec.2)
hp = Head gain from a pump (m, ft.)
hL = Combined headloss (m, ft.)

The components of the energy equation can be combined to express two useful quantities, which are the hydraulic grade and the energy grade.
Friction and Minor Loss
Chezy’s Equation
Chezy’s equation is rarely used directly, but it is the basis for several other methods, including Manning’s equation. Chezy’s equation is:
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	Q
	=
	Discharge in the section (m 3 /s, cfs)

	 
	C
	=
	Chezy’s roughness coefficient (m 1/2 /s, ft. 1/2 /sec.)

	 
	A
	=
	Flow area (m 2 , ft. 2 )

	 
	R
	=
	Hydraulic radius (m, ft.)

	 
	S
	=
	Friction slope (m/m, ft./ft.)



Colebrook-White Equation
The Colebrook-White equation is used to iteratively calculate for the Darcy-Weisbach friction factor:
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	f
	=
	Friction factor (unitless)

	 
	k
	=
	Darcy-Weisbach roughness height (m, ft.)

	 
	Re
	=
	Reynolds Number (unitless)

	 
	R
	=
	Hydraulic radius (m, ft.)

	 
	D
	=
	Pipe diameter (m, ft.)



Hazen-Williams Equation
The Hazen-Williams Formula is frequently used in the analysis of pressure pipe systems (such as water distribution networks and sewer force mains). The formula is as follows:
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	Q
	=
	Discharge in the section (m 3 /s, cfs)

	 
	C
	=
	Hazen-Williams roughness coefficient (unitless)

	 
	A
	=
	Flow area (m 2 , ft. 2 )

	 
	R
	=
	Hydraulic radius (m, ft.)

	 
	S
	=
	Friction slope (m/m, ft./ft.)

	 
	k
	=
	Constant (0.85 for SI units, 1.32 for US units).


Because of non-empirical origins, the Darcy-Weisbach equation is viewed by many engineers as the most accurate method for modeling friction losses. It most commonly takes the following form:
[image: https://docs.bentley.com/LiveContent/web/Bentley%20HAMMER%20SS6-v1/en/GUID-75EA307F-CE65-4A71-AD4F-3ABE1E7E9467-low.png]
	 
	h L
	=
	Headloss (m, ft.)

	 
	f
	=
	Darcy-Weisbach friction factor (unitless)

	 
	D
	=
	Pipe diameter (m, ft.)

	 
	L
	=
	Pipe length (m, ft.)

	 
	V
	=
	Flow velocity (m/s, ft./sec.)

	 
	g
	=
	Gravitational acceleration constant (m/s 2 , ft./sec. 2 )


For section geometries that are not circular, this equation is adapted by relating a circular section’s full-flow hydraulic radius to its diameter:
D = 4R
	 
	R
	=
	Hydraulic radius (m, ft.)

	 
	D
	=
	Diameter (m, ft.)


This can then be rearranged to the form: [image: https://docs.bentley.com/LiveContent/web/Bentley%20HAMMER%20SS6-v1/en/GUID-C9B77221-934D-4BD4-9099-62667F0FC7B6-low.png]
	 
	Q
	=
	Discharge (m 3 /s, cfs)

	 
	A
	=
	Flow area (m 2 , ft. 2 )

	 
	R
	=
	Hydraulic radius (m, ft.)

	 
	S
	=
	Friction slope (m/m, ft./ft.)

	 
	f
	=
	Darcy-Weisbach friction factor (unitless)

	 
	g
	=
	Gravitational acceleration constant (m/s 2 , ft./sec. 2 )


Manning’s Equation
Manning’s equation, which is based on Chezy’s equation, is one of the most popular methods in use today for free surface flow. For Manning’s equation, the roughness coefficient in Chezy’s equation is calculated as:

[image: https://docs.bentley.com/LiveContent/web/Bentley%20HAMMER%20SS6-v1/en/GUID-3835A55B74F5411D8F2766F658B676E9-low.png]
	 
	C
	=
	Chezy’s roughness coefficient (m 1/2 /s, ft. 1/2 /sec.)

	 
	R
	=
	Hydraulic radius (m, ft.)

	 
	n
	=
	Manning’s roughness (s/m 1/3 )

	 
	k
	=
	Constant (1.00 m 1/3 /m 1/3 , 1.49 ft. 1/3 /ft. 1/3 )


Substituting this roughness into Chezy’s equation, you obtain the well-known Manning’s equation:
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	Q
	=
	Discharge (m 3 /s, cfs)

	 
	k
	=
	Constant (1.00 m 1/3 /s, 1.49 ft. 1/3 /sec.)

	 
	n
	=
	Manning’s roughness (unitless)

	 
	A
	=
	Flow area (m 2 , ft. 2 )

	 
	R
	=
	Hydraulic radius (m, ft.)

	 
	S
	=
	Friction slope (m/m, ft./ft.)






Minor Losses
For pipes in series, the minor loss coefficients should be added. The differences in diameter between the original pipe and the resulting pipe should be negligible. You should be given the option to ignore minor losses in series pipes.
For pipes in parallel, you should be given the option to ignore minor losses, not skeletonize pipes with significant minor losses (e.g., if total Km > 100) or account for them as a change in diameter.
One possible short heuristic for handling minor losses in parallel pipes is to realize that you are splitting the minor loss over two pipes. If the pipes are roughly the same length, roughness, and diameter, then the minor loss coefficient will be cut approximately in half. I worked through the math for coming up with an equivalent minor loss coefficient and it’s a mess. Using half the minor loss coefficient isn’t exactly correct, but it pretty much accounts for things.
The research methodology initially has various observation and assessment on water demand, distribution network, pumps and service reservoirs.
 The data collecting system must be systematically obtained sequentially for effective work.
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4. [bookmark: _Toc65077735]RESULT AND DISCUSSION
[bookmark: _Toc65077736]Water Supply and Demand Coverage 
4.1.1. [bookmark: _Toc65077737]Water Supply Coverage Analysis  
To identify the gap between demand and supply three ways are followed, first by using annual domestic consumption identifying the level of per capital demand per person, second computing the per capital demand by level of connection and third by following the design criteria calculating the overall demand coverage. The current i.e., 2020 population number of Areka Town is 67,488 and the annual consumption was 289,081m3. To evaluate the amount of water consumption, the annual water consumption is converted to average daily per capita consumption using the population data of the town and the number of domestic connections per family has been also used to analyze the level of connection. The volume of water consumed for domestic purpose has been distributed for all beneficiaries of the town to analyze the distribution of the water supply coverage. 
Per Capital Consumption (l/person/day) = …………… (4.1)
                                                              =     = 11.74 l/c/d
 By using the above expression, the average daily per capita consumption became 11.74l/c/day. According to WHO (2008), the minimum quantity of domestic water required in urban areas of developing country is taken as 20 l/c/day. Regarding to this value, the domestic water supply of Areka Town only satisfies 47% of the standard value. In addition, according to GTP-II (Ethiopian Water Sector Strategy, 2015); the per capita consumption standard set for category-3 town like Areka is 60l/d. But the current water supply coverage is only satisfying almost 20 % of the demand. 
Level of water connection per family is one mechanism to evaluate the level of water coverage. The total number of connection or water meter with in the town are about 6,833 that among these 5,467 are for domestic users, according to the census of the 1994, average family size of 5 is used for calculating the average number of connections per family using the following expression. 
Connection per family= ………… (4.2)
	=  =0.506
The level of water connection as per the above expression became 0.506; this implies that the current connection coverage is only 50.6%.
4.1.2. [bookmark: _Toc65077738]Analysis of overall Water Demand Coverage 
A water supply system capable of supplying sufficient quantity of portable water is necessary for city or town. In order to estimate as correcting as possible, the total demand of a particular community, all demands must consider. Generally, speaks in design of water supply scheme for a town, it is necessary to determine the total quantity of water required for various proposes. This is done as follows.
4.1.2.1. Present and Future Domestic Water Demand
i. Population Forecasting  
The water demand of a particular town is proportionally related with the population to be served. According to Municipal finance and economic development office, the current (2020) population of Areka Town is 67,488 and it was used as base population for current estimation. According to CSA, the regional level annual growth rate of urban population and applying geometric increase method, the estimated number of populations from 2020 to 2042 of the town were presented in table 4.1 below.
     Pn = Po* --------------------------------------------------------------------------- (4.3)
Where: Po = Initial known population at time zero or base population the population 
             Pn = projected population after n years
             r = annual growth rate
[bookmark: _Toc45072667][bookmark: _Toc52522507]             n = number of years or time horizon. 
[bookmark: _Toc64556582][bookmark: _Toc64645866]Table ‎4.1: Projected population of the town (2020-2042)
	Year (G.C)  
	2020
	2023
	2027
	2032
	2037
	2042

	Population growth rate
	0.0480
	0.0405
	0.0405
	0.0365
	0.0325
	0.0285

	 Projected Population
	67488
	76024
	89109
	103766
	116240
	125233


(Source: CSA, 2007 National statistical census document, South Region, Areka town)

ii. Population distribution by mode of service   
The percentage of population to be served by each mode of service will vary with time. The variation is caused by changes in living standards, improvement of the service level, changes in building standards and capacity of the water supply service to expand.
[bookmark: _Toc45072668][bookmark: _Toc52522508]The mode of service is an important element to assess the level of water coverage of the town. Based on the available data obtained from the Water Supply Service during the field visit in 2019; four major modes of service were identified for domestic water consumers. These are house tap users (HTU), yard connections users (YCU), yard shared Connections users YCU(S) and public tap users (PTU). The number of population percentage in each mode of service was indicated below in table (4.2). 
[bookmark: _Toc64556583][bookmark: _Toc64645867]Table ‎4.2: Population Percentage Distributions by Mode of Service
	Mode of Service
	
Unit
	Year

	
	
	2020
	2023
	2027
	2032
	2037
	2042

	HTU
	%
	1.00
	2.80
	5.20
	8.20
	11.20
	14.20

	YCU
	%
	18.00
	24.30
	32.70
	43.20
	53.70
	60.20

	YCU(S)
	%
	10.30
	12.70
	15.90
	19.90
	23.90
	25.60

	PTU
	%
	70.70
	60.20
	46.20
	28.70
	11.20
	0

	Total
	%
	100
	100
	100
	100
	100
	100



iii. Per-capital domestic demand by mode of service   
[bookmark: _Toc45072669]The per-capita domestic water demand for various demand categories varies depending on the size of the town and the level of development, the type of water supply scheme, the socioeconomic conditions of the towns and the climatic condition of the area. The per capita water demand for adequate supply level has to be determined based on the basic human water requirements for various activities of demand category (MoWR, 2006).
[bookmark: _Toc52522509]

[bookmark: _Toc64556584][bookmark: _Toc64645868]Table ‎4.3: Projected Per Capita Demand by Mode of Service (2020 -2042)
	Per Capital Water Demand by mode of service
	

Unit
	2020
	2023
	2027
	2032
	2037
	2042

	HTU
	l/c/d
	64.00
	64.00
	64.00
	66.00
	76.00
	86.00

	YCU
	l/c/d
	25.00
	32.00
	32.00
	32.50
	35.00
	37.00

	YCU(S)
	l/c/d
	30.00
	38.00
	38.00
	39.00
	44.00
	48.00

	PTU
	l/c/d
	20.00
	20.00
	20.00
	21.10
	26.60
	32.10


                            (Source: MoWR, 2006)
[bookmark: _Toc45072670][bookmark: _Toc52522510]By using tables 4.3 as the base of other water demand calculation the water domestic demand was projected for 2020-2042 by including non-revenue water and other factors. The average per capital domestic water demand for each year was computed by combining water demand by mode of service from the year 2020-2042. As shown the table 4.4 below the total domestic water demand was forecasted by each mode of service throughout the design period. 
[bookmark: _Toc64556585][bookmark: _Toc64645869]Table ‎4.4: Domestic water demand determination
	Year (G.C)
	Unit
	2020
	2023
	2027
	2032
	2037
	2042

	Population Growth Rate
	
	
0.0480
	
0.0480
	
0.0458
	
0.0405
	
0.0365
	
0.0365

	Forecasted Population
	No
	
67488
	
77680
	
93310
	
114962
	
138594
	
165803

	Population Projection by Mode of Services

	HTU
	%
	1.00
	2.80
	5.20
	8.20
	11.20
	14.20

	YCU
	%
	18.00
	24.30
	32.70
	43.20
	53.70
	60.20

	YCU(S)
	%
	10.30
	12.70
	15.90
	19.90
	23.90
	25.60

	PTU
	%
	70.70
	60.20
	46.20
	28.70
	11.20
	0

	Population Served by Mode of Service

	HTU
	No
	675
	2175
	4852
	9427
	15523
	23544

	YCU
	No
	12148
	18876
	30512
	49664
	74425
	99813

	YCU(S)
	No
	6951
	9865
	14836
	22877
	33124
	42446

	PTU
	No
	47714
	46763
	43109
	32994
	15523
	0

	Per Capital Demand by Mode of Service

	HTU 
	(l/c/d)
	64.00
	64.00
	64.00
	66.00
	76.00
	86.00

	YCU 
	(l/c/d)
	25.00
	32.00
	32.00
	32.50
	35.00
	37.00

	YCUS
	(l/c/d)
	30.00
	38.00
	38.00
	39.00
	44.00
	48.00

	PTU
	(l/c/d)
	20.00
	20.00
	20.00
	21.10
	26.60
	32.10

	Domestic Water Demand by Mode of Service

	HTU 
	(m3/d)
	43.2
	139.20
	310.54
	622.17
	1179.72
	2024.79

	YCU
	(m3/d)
	303.70
	604.04
	976.40
	1614.06
	2604.88
	3938.48

	YCUS
	(m3/d)
	208.54
	374.88
	563.78
	892.22
	1457.46
	2220.43

	PTU
	(m3/d)
	954.28
	935.27
	862.19
	696.17
	412.90
	0

	Total Domestic Water demand (TDWD)
	m3/d
	1509.72
	2053.39
	2712.91
	3824.62
	5654.96
	8183.7

	
	l/s
	17.47
	23.77
	31.4
	44.26
	65.45
	94.72


Based on the table 4.4, the total domestic water in year 2020 was 1509.72 m3 /day and for the year 2042 was 8183.7 m3 /day.
iv. Socio-economic and climatic adjustment factor   
[bookmark: _Toc45072671][bookmark: _Toc52522511]Town is considered as a town of “high potential growing town under normal Ethiopia conditions and it is categorized with the towns of group C and it’s altitude was 1774m which is found b/n 1500-2300m.  Based on these values, the socio-economic and climatic adjustment factors of the town was 1.0 and 1.0 respectively. 
[bookmark: _Toc64645870]Table ‎4.5: Climatic adjustment factors
	Year (G.C)
	Unit
	2020
	2023
	2027
	2032
	2037
	2042

	Total DWD
	m3/d
	1509.72
	2053.39
	2712.91
	3824.62
	5654.96
	8183.7

	Socio-economic Factor
	No
	1
	1
	1
	1
	1
	1

	Climatic Factor
	No
	1
	1
	1
	1
	1
	1

	Adjusted Domestic Water Demand (ADWD)
	m3/d
	1509.72
	2053.39
	2712.91
	3824.62
	5654.96
	8183.7

	
	l/s
	17.47
	23.77
	31.4
	44.26
	65.45
	94.72


Sample Calculation:
Adjusted domestic water demand (2020) = socio-economic factor*total domestic demand
                                                                     1509.72 m3/d *1= 1509.72 m3/d
Adjusted domestic water demand (2042) = socio-economic factor*total domestic demand
                                                                      8183.7m3/d *1= 8183.7m3/d
Based on the table 4.5 the domestic water demand of the study area was 1509.72 m3/day in the year 2020 and 8183.7 m3/day in year 2042. After the domestic water demand was projected, water loss, public and commercial and industrial water demand were computed to analyse the total water demand of the town.
v. Peak hour and maximum day factor  
[bookmark: _Toc45072672][bookmark: _Toc52522512]For this study the peak hour factor was taken 1.8 up to the year of 2020- 2027 because of the population of the town was b/n 50,001-100,000 and from 2032-2042 the peak hour factor was taken 1.6 because of the population of the study area was above 100,000. Also, the maximum day demand factor was taken 1.15 because maximum day demand factor should be in the range of 1-1.3 (MoWR, 2006).  
[bookmark: _Toc64645871]Table ‎4.6: Recommended Peak hour Factors
	Population Range
	Peak hour factor

	< 20,000
	2

	20,001 to 50,000
	1.9

	50,001 to 100,000
	1.8

	>100,000
	1.6


[bookmark: _Toc45072673][bookmark: _Toc52522513](Source: MoWR, 2006) 
[bookmark: _Toc64645872]Table ‎4.7: Summary of Water Demand Analysis
	Year (G.C)
	Unit
	2020
	2023
	2027
	2032
	2037
	2042

	Population Growth Rate
	
	
0.0480
	
0.0480
	
0.0458
	
0.0405
	
0.0365
	
0.0365

	Forecasted Population
	No
	
67488
	
77680
	
93310
	
114962
	
138594
	
165803

	Population Projection by Mode of Services

	HTU
	%
	1.00
	2.80
	5.20
	8.20
	11.20
	14.20

	YCU
	%
	18.00
	24.30
	32.70
	43.20
	53.70
	60.20

	YCU(S)
	%
	10.30
	12.70
	15.90
	19.90
	23.90
	25.60

	PTU
	%
	70.70
	60.20
	46.20
	28.70
	11.20
	0

	Population Served by Mode of Service

	HTU
	No
	675
	2175
	4852
	9427
	15523
	23544

	YCU
	No
	12148
	18876
	30512
	49664
	74425
	99813

	YCU(S)
	No
	6951
	9865
	14836
	22877
	33124
	42446

	PTU
	No
	47714
	46763
	43109
	32994
	15523
	0

	Per Capital Demand by Mode of Service

	HTU 
	(l/c/d)
	64.00
	64.00
	64.00
	66.00
	76.00
	86.00

	YCU 
	(l/c/d)
	25.00
	32.00
	32.00
	32.50
	35.00
	37.00

	YCUS
	(l/c/d)
	30.00
	38.00
	38.00
	39.00
	44.00
	48.00

	PTU
	(l/c/d)
	20.00
	20.00
	20.00
	21.10
	26.60
	32.10

	Domestic Water Demand by Mode of Service

	HTU 
	(m3/d)
	43.2
	139.20
	310.54
	622.17
	1179.72
	2024.79

	YCU
	(m3/d)
	303.70
	604.04
	976.40
	1614.06
	2604.88
	3938.48

	YCUS
	(m3/d)
	208.54
	374.88
	563.78
	892.22
	1457.46
	2220.43

	PTU
	(m3/d)
	954.28
	935.27
	862.19
	696.17
	412.90
	0

	Total Domestic Water demand 
	m3/d
	1509.72
	2053.39
	2712.91
	3824.62
	5654.96
	8183.7

	
	l/s
	17.47
	23.77
	31.4
	44.26
	65.45
	94.72

	Socio-economic Factor
	
	1
	1
	1
	1
	1
	1

	Climatic Factor
	
	1
	1
	1
	1
	1
	1

	Adjusted Domestic Water Demand (ADD)
	m3/d
	1509.72
	2053.39
	2712.91
	3824.62
	5654.96
	8183.7

	
	l/sec
	17.47
	23.77
	31.4
	44.26
	65.45
	94.72

	Non-Domestic Water Demand (NDWD)

	Institutional & Commercial Water demand & (10% of ADD)
	m3/d
	
150.975
	
205.34
	
271.29
	
382.46
	
565.5
	
818.37

	
	l/sec
	
1.75
	
2.37
	
3.14
	
4.43
	
6.54
	
9.47

	Small Industries demand (5% of ADD)
	m3/d
	75.48
	102.67
	135.64
	191.2
	282.75
	409.2

	
	l/sec
	0.873
	1.19
	1.57
	2.2
	3.27
	4.74

	Livestock Water Demand (5% of ADD)
	m3/d
	75.48
	102.67
	135.64
	191.2
	282.75
	409.18

	
	l/sec
	0.873
	1.19
	1.57
	2.2
	3.27
	4.74

	Total Demands (TD)
	m3/d
	1811.66
	2464.07
	3255.5
	4589.54
	6785.95
	9820.44

	
	l/sec
	20.96
	28.52
	37.68
	53.1
	78.54
	113.66

	UFW (15-25% of TD)
	
%
	
15
	
16.43
	
18.33
	
20.71
	
23.10
	
25

	UFW or NRW
	m3/d
	271.75
	404.85
	596.73
	950.49
	1567.55
	2455.11

	
	l/sec
	3.14
	4.68
	6.9
	11
	18.14
	28.41

	Average Day Demand
	
	2083.41
	2868.92
	3852.23
	5540
	8353.5
	12275.55

	
	
	24.1
	33.2
	44.58
	64.1
	96.68
	142.1

	
	
	24.1
	33.2
	44.58
	64.1
	96.68
	142.1

	Max. Day Factor
	
	1.15
	1.15
	1.15
	1.15
	1.15
	1.15

	Max. Day Demand
	m3/d
	2395.92
	3299.26
	4430.06
	6371
	9606.52
	14116.88

	
	l/sec
	27.73
	38.2
	51.27
	73.74
	111.18
	163.4

	Peak Hour Factor
	
	1.8
	1.8
	1.8
	1.6
	1.6
	1.6

	Peak Hour Demand
	m3/d
	4312.66
	5938.67
	7974.1
	10193.6
	15370.4
	22587

	
	l/sec
	49.9
	68.76
	92.3
	117.98
	177.9
	261.4


The total water demand of the town was determined by summing up the adjusted domestic water demand and Non-domestic water demands as shown in the above table. Therefore, the total maximum water demand is 2,395.92 m3/day and 14,116.88 m3/day in the year 2020 and 2042 respectively.
Finding and conclusion 
From the water supply analysis as per level of average per capital consumption of the town found to be 11.74 l/day. This average per capital consumption is lower while compared with the minimum requirement of domestic demand which is 25 l/c/day set by Wallingford HR. The other way followed to evaluate the town water coverage was the level of connection per family. The average level of connection in house is about 50.6% which is relatively good coverage compared to per capita demand. The other issue that has been addressed was analysis of water coverage as per domestic and non-domestic demand. The result showed the total average current demand was 2395.92 m3/day. However, the amount of water production in 2020 showed as 397,899 m3/year or 1090.13 m3/day, which have only 45.5% coverage of the demand. Therefore, the result shows there is high gap between demand and supply which means the current supply only satisfies 45.5% of the current demand (2020) and 7.7% of the future demand in year 2042. From this, we concluded that the utility should have to supply additional water to satisfy the current and the future demand of Areka town by searching addition source of water. 
[bookmark: _Toc65077739]Water Loss Analysis
4.1.3. [bookmark: _Toc65077740]Non-revenue Water
Non-revenue water is the difference between the volumes of water put into a water distribution System and the volume that is billed to customers. NRW comprises three components: physical (real) losses, commercial (apparent) losses, and unbilled authorized consumption. 
·  Physical losses comprise leakage from all parts of the system and overflows at the utility’s storage tanks. They are caused by poor operations and maintenance, the lack of active leakage control, and poor quality of underground assets. 
· Commercial losses are caused by customer meter under registration, data handling errors, and theft of water in various forms. 
· Unbilled authorized consumption includes water used by the utility for operational purposes, water used for firefighting, and water provided for free to certain consumer 
The water loss analysis has made by using expression in terms of percentage of (UFW), loss per kilometer of main pipes and loss per number of connections. To compute the level of apparent loss due to limitation of data, the real loss is calculated as per level of connection and length of pipe and the apparent loss became the different between total loss and real loss. 
A. Total Water loss Computation 
Three-year production and consumption data of the study area used to compute the total loss as shown in table 4.8 below by using this expression.
NRW (%) = ……………………………………………. (4.3) 
[bookmark: _Toc64645873] Table ‎4.8: Computed Total Water Loss
	Year
	Production 
(m3/year)
	Consumption (m3/year)
	Loss (m3/year)
	Loss (%)

	2017/18
	281,589
	193,000
	88,589
	31.46

	2018/19
	325,928
	223,831
	102,097
	31.32

	2019/20
	397,889
	289,081
	108,808
	27.34



B. Water loss expressed as per number of connections 
The total number of connections in the study area is 6,833 the water loss per connection computed by using this expression 
Water loss = Annual total loss *1000/ (Number of connections*365)             
From year 2020 computed total annual water loss value of 108,808 m3 is used. 
Water loss =108,808*1000/ (6,833 *365) = 43.6 lit/connection/day
C. Water loss expressed as per length of pipes 
Expressing water loss as per km of main pipe is one way to indicate the loss. The total length of pipes is 40.44 Km and this total pipe length is used to express the water loss. 
Water loss = Annual loss/ (Length in Km *365) 
Water loss =108808/ (40.44km *365) = 7.37m3/km/day
4.1.4. [bookmark: _Toc65077741]Determining the water balance and Water Loss components
Annually water produced and distributed to the supply system and the water billed that was aggregated from the individual customer meter readings of one-year 2020 was used to quantify the total water loss for the entire town. The entire annual production and billed water consumption of scheme are shown below table 4.9.












[bookmark: _Toc64645874]Table ‎4.9: Water balance method
	System input volume
397,889
	Authorized Consumption
289,081

72.65 %
	Billed Authorized Consumption 
289,081
	Billed Metered Consumption
289,081
	Revenue Water
289,081

	
	
	
	Billed Unmetered Consumption
	

	
	
	Unbilled Authorized Consumption
	Unbilled Metered Consumption
	Non-Revenue Water (NRW) 
108,808 


	
	
	
	Unbilled Un metered Consumption
	

	
	Water Loss
108,808
(870,464
 birr fiscal year loss)
27.35 %
	Apparent loss (Commercial Losses) 
0.9%
3,581
28,648birr

	Unauthorized consumption 
0.1% 397.9 3,183.2birr 
	

	
	
	
	Customer meter inaccuracies 
0.3%   1,193.7 9,549.6birr 
	

	
	
	
	Systematic data handling Errors 
0.5% 1,989.4 15,815.2birr 
	

	
	
	Real loss (Physical Losses)
26.44%
105,227
841,816birr

	Leakage in Transmission and Distribution Mains
(Not broken down)
	

	
	
	
	Storage Leaks and Overflows from water storage Tanks (Not broken
down)
	

	
	
	
	Service Connection leaks up to the meter (Not broken down)
	


4.1.4.1. Apparent loss 
This component of the total water loss volume includes the loss due to unauthorized consumption, customer metering inaccuracies and data handling errors and is aggregated to 3,581m3/year. This loss amount covers 0.9% of the total system loss. This result signifies less of the loss in the system as real loss which is mainly caused due to deterioration of the existing distribution system.  
4.1.4.2. Unauthorized Consumption 
This volume of water includes theft and illegal connections. As there is no any means to determine this quantity of water, its volume is estimated based on the system input volume. Accordingly, the unauthorized consumption amounts to 397.9 m3/year which is 0.1% of system input volume.
4.1.4.3.  Customer Metering Inaccuracies 
The total volume of loss due to meter in accuracy in the system is 1,193.7 m3/year. This apparent loss of water accounts for approximately 0.3% of the system input volume for the fiscal year and translates to lost revenue of approximately 9,549.6 Ethiopian Birr. Generally, in the case of Areka the main reason for this high meter under registration is the deterioration of water meters with age, resulting in inaccurate readings. This is highly influenced by the lack of water meter testing and replacement programme and unlimited service year for meters in the distribution system. 
4.1.4.4. Real loss 
This category includes the volume of water lost through all types of leaks, bursts and overflows on mains, service reservoirs and service connections, up to the point of customer metering. In this specific study the real loss volume is found to be 105,227m3/year. This apparent loss of water accounts for approximately 26.44 % by breakdown the two Loss categories) of the system input volume for the fiscal year and translates to lost revenue of approximately 841,816 Ethiopian Birr.  So, in this figure indicates the deterioration of water supply system, water supply management problem and urgent need of a leakage of main and distribution (transition lines) and overflows in tanker area control program. 
4.1.4.5. Unavoidable Annual Real Losses (UARL)  
This category represents the allowable volume of real losses from the system, which estimates a volume of leaks that are undetectable or would be uneconomical to repair during the year. This can help to evaluate the feasibility of real loss minimization provides better understanding of real loss components.
Non-revenue or total loss is the sum of real loss and apparent loss. To know the value both real and apparent losses, the unavoidable real loss is computed by using IWA expression before. Total length of service connections from the edge of the street to customer meters average of 6 m for individual, Lp (km)=6*6,833 =40998 m=41km. The length of main line was 20.92 km, number of service connections was 6,833 and the average pressure value of 29.71 m is taken from model result and the value of UARL is estimated as follows.
UARL= (18*Lm+0.8*Nc+25*Lp) *P
UARL= (18*20.92+0.8*6833+25*41) *29.1 = 198,664.5 lit/day
             198.66 m3/day = 72512.55m3/year
4.1.5. [bookmark: _Toc65077742]Possible Causes of Water Loss 
There are a number of reasons for the high level of water loss in Areka town. These factors are given below, and some-advise solutions were concisely proposed in next sections.
4.1.5.1. [bookmark: _Toc59365686]Age of Pipe Network
The age of a pipe section can appear to be the most significant factor for leakage, 2020. It is estimated that nearly 60% of the pipe network was laid over 20 years ago. Except the newly installed customer pipe all the pipes are galvanized, HDP and steel pipes. All these materials suffer by new road construction time due to operational measures, environmental conditions and general wear and tear and result in increased leakage in the network. It is therefore necessary to replace older mains so that leakage occurs.
4.1.5.2. [bookmark: _Toc59365687]Poor and Unscheduled maintenance of network
The water services of Areka town had no scheduled program for inspection and maintenance of networks, rather, they repair when the customer report. There was also a lack of finance to buy proper materials and construction. 
4.1.5.3. [bookmark: _Toc59365688]Customer Meter inaccuracies
Metering losses are frequently the most common form of apparent losses. Experience shows that the high percentage of water is not metered or metered incorrectly due to measuring errors or creeping losses in water meters made in Poland water meters. This affects both customer meters and bulk water meters, and may be caused by selecting unsuitable meters, oversized meters, incorrect installation as well as many meters’ deteriorating performance over time. In Areka town utility the water readers check-up the water meters every month and they report the suspected meters. Accordingly, the main reason age of water meter water in this case the utility test, replace and reuse meters which are passed the testing. According to water meter testing result 1,193.7 m3 in 365 days of the year due to customer meter inaccuracy. 
4.1.5.4. [bookmark: _Toc59365689]Data Handling Error
Meter-reading personnel may make meter-reading errors. Water consumption data may get lost or changed due to systematic errors in data processing and billing procedures. Unmetered consumption may be underestimated while unmetered production may be overestimated. Flat-rate tariffs may cause excessive domestic water consumption that by far exceeds the budgeted amount. In the case of Areka town data handling error the additionally this case happen by carelessness of water meter readers and meter inaccuracies covers their own percentages of apparent loss.
4.1.5.5. [bookmark: _Toc59365690]Poor record keeping
The requirement for good maintenance records is often overlooked. System maps, designs of the network and reservoirs and historic records of the equipment installed in the distribution system are often not available, whereas minimum information is required to operate and maintain the system efficiently. The top-down audit cannot be performed without maintaining the accurate data. Awareness can be created among the managers of water supply system about the importance of good maintenance of record.
4.1.5.6. [bookmark: _Toc59365691]Community Behavior
Water loss is not only just an engineering problem but also reflects a socio-cultural situation that requires changes in community behaviour, awareness gap and attitudes toward water usage. Many utilities that have been successful in addressing Non-Revenue Water have gone beyond technical measures to address community behaviour that drives illegal connections and thief the water material infrastructures. Technical measures have been complemented by efforts to address illegal connections by walk-through surveys and authorizing illegal connections by legitimizing them and adding them to the network and to create awareness to communication with the community. 
4.1.5.7. [bookmark: _Toc59365692]Operation and maintenance
It has been observed that lack of attention to the important aspect of Operation and Maintenance (O&M) of water supply schemes in Areka town often leads to deterioration of the useful life of the systems necessitating premature replacement of many system components. Some of the key issues contributing to the poor Operation & Maintenance have been identified as follows.
Lack of assets and inadequate data on Operation & Maintenance
· Inappropriate system design and poor workmanship 
· overlapping responsibilities 
· Inadequate training of personnel 
· Inadequate emphasis on preventive maintenance 
· Lack of operation manuals 
· Lack of real time field information
4.1.6. [bookmark: _Toc65077743][bookmark: _Toc59365693]Possible Water Loss Reduction Strategies 
An analytical approach strengthened by the implementation of solutions which are practicable and possible, can be applied to water distribution system in Areka town, to develop water loss minimize strategy.
4.1.6.1. [bookmark: _Toc59365694]Old Pipes and Fittings replacement and repair
In Areka town water supply system part of the pipe network were long aged and deteriorated to repair. In this case, it may be necessary to replace one or more length of pipe and fittings. While pipe replacement is best done using the same material as the existing pipe, lack of pipe stock or desire to upgrade to a less corrosive pipe material may dictate that the replacement material be another material. Aging infrastructure in the system means failing joints, leaking valve seals and corroded pipes, all contributing for water loss must be replaced by new one and repaired as required.
4.1.6.2. [bookmark: _Toc59365695]Effective maintenance
In Areka town water supply system there was a poor and unscheduled maintenance of networks. Therefore, the water services should establish a scheduled maintenance program targeted toward minimizing a leakage through proactive action. Once a distribution system has been properly constructed and placed in service, routine maintenance should be conducted to monitor the system’s performance and identify repairs/rehabilitation as needed. Continuing maintenance will maintain the public water system operating at optimal performance and maximize the full life expectancy of the system.
4.1.6.3. [bookmark: _Toc59365696]Water Balance check-up
Water audit determines the amount of water lost from a distribution system due to leakage and other reasons such as theft, unauthorized or illegal withdrawals from the systems and the cost of such losses to the utility. Comprehensive water audit gives a detailed profile of the distribution system and water users, thereby facilitating easier and effective management of the resources with improved reliability. It helps in correct diagnosis of the problems faced in order to suggest achievable and practicable solutions. It is also an effective tool for realistic understanding and assessment of the present performance level and efficiency of the service and the adaptability of the system for future expansion and rectification of faults during modernization. It helps in identifying problem and risk areas and a better understanding of what is happening to the water after it leaves the source point. Such investigation should provide enough information to set specific objectives for a water efficiency program.
4.1.6.4. [bookmark: _Toc59365697]Assessing meter testing and replacement
In Areka town water services meters are key components for obtaining funds required to operate and maintain a public water service. Therefore, maintaining a meter assessment testing and replacement are very obligatory to optimize revenues and aids in locating losses in any operation and maintenance program. According to IWA water Balance result, Repair or replacement of meters outside of ±2% of accuracy is required. Water loss in Areka town can be prevented by effective and pro-active infrastructure management. The water service will reduce real water losses by: maintaining proper inventory and inspection of new water mains and main breaks to repair.
4.1.6.5. [bookmark: _Toc59365698]Improving Organizational Management and Provision of Training
For an effective management of water supply service in general and water loss and leakage in particular, water supply providing institutions must have an appropriate organizational management. The organization aspect related to the water loss management is well addressed in the organization structure of SWSS, but shortage of qualified and experienced personnel is the major problem of the country in general and SWSS in particular. Capable management and technical staff are paramount in order to achieve better performance. Offering a continuous theoretical and practical training based on the need is also important. Due to the complex nature of water loss and leakage commitment of staffs at all level is also very important. Effective leakage management requires an input from a number of different personnel and unless, they are all committed, the implementation of any water loss reduction program will not be efficient; it may then be difficult to maintain the infrastructure which has to be lower leakage levels.
[bookmark: _Toc65077744]Hydraulic Modelling of the Town water Supply System 
4.1.7. [bookmark: _Toc65077745]Pipe type and length of town
[bookmark: _Toc45072674][bookmark: _Toc52522514]The distribution system consists of a network of mains with total length 20,920 meters. The system contains pipe ranging from 43.8 to 395.25 mm in internal diameter, although the majority of the system consists of 158 and 395.25 mm in internal diameter of pipe. The distribution network in material type was given in table below
[bookmark: _Toc64645875]Table ‎4.10: Overall Pipe Diameter Length & Material Type
	Diameter (mm)
	Length (HDPE PN 16) (m)
	Length (HDPE PN 10) (m)
	Length (All Materials) (m)
	Percentage of total

	43.8
	
	3
	3
	0.01

	65.7
	147
	
	147
	0.7

	78.85
	
	184
	184
	0.88

	89.45
	
	189
	189
	0.9

	96.4
	
	199
	199
	0.95

	101.55
	
	234
	234
	1.12

	109.75
	255
	
	255
	1.22

	113.9
	
	342
	342
	1.63

	122.9
	424
	
	424
	2

	130
	
	465
	465
	2.2

	140.45
	105
	636
	741
	3.54

	146.3
	
	773
	773
	3.7

	152.4
	
	807
	807
	3.86

	158
	951
	
	951
	4.5

	162.6
	
	1,037
	1,037
	4.9

	175.55
	1,181
	
	1,181
	5.6

	189
	
	1,182
	1,182
	5.65

	203.4
	
	1,202
	1,202
	5.74

	219.6
	1,288
	
	1,288
	6.1

	245.9
	
	1,338
	1,338
	6.4

	311.65
	1,365
	121
	1,486
	7.1

	351.35
	
	1,492
	1,492
	7.13

	395.25
	
	5,000
	5,000
	23.9

	All Diameters
	8,532
	24,918
	20,920
	100.00


As shown in the table 4.10, 395.25mm diameter of the pipe was the major pipes used in the distribution system, while 43.8mm diameter of the pipe was the least quantity used in the distribution system. 
4.1.8. [bookmark: _Toc65077746]Demand pattern of town
The proposed distribution pipe network was carried out using water GEMS and the adequacy of the system to meet the water demands for stage I has been performed under Maximum day demand scenario and Minimum day demand scenarios in order to optimize the system for extended period of 24-hourly time step simulations by considering the peak hourly water consumption pattern. 
[bookmark: _Toc45620469][bookmark: _Toc64645927][image: ]                      Figure ‎4.1: Water Demand Usage Pattern
The critical scenarios have been identified during low and high-water consumption time period. During low consumption, velocity in a pipe will be lower and nodal pressure is high while during peak hour consumption velocity is relatively high and nodal pressure is becoming lower. Therefore, a great care has been taken into consideration in order to bring the model output result within acceptable range as per the design criteria.
4.1.9. [bookmark: _Toc65077747]Model Calibration and Validation   
[bookmark: _Toc45072675][bookmark: _Toc52522515]In this research, the pressure data measured at the near to node home faucet of the system is used to assess the model performance. The model performance measure such as the degree of accuracy (error of difference) and the coefficient of determination (R2) are two techniques to be considered for the calibration of model check as mentioned below the results. The observed and simulated pressure giving a correlation coefficient of determination which ranges between 0 and 1, describes the proportion of the variance in the measured data which is explained by the model with higher values indicating less error variance. The diagonal line on the plot represents the line of perfect correlation as indicated in figure 4.2 generally, all the points should align themselves on this line, and all observed pressure should be equal to computed pressure giving a relationship coefficient of 1 that is the best correlation between observed and simulated (Tsegay, 2019) All observed pressures were equal to the simulated pressures, giving a link coefficient of one that is the best correlation between observed and simulated. The coefficient of determination (R2) value was 0.991, it indicates that observed and simulated relation is strong as values tend to one. The observed and simulated pressure relationship plot is shown in the figure 4.2. 
	
	Sample location
	Observed pressure (m H2O)
	Simulated pressure (mH2O)

	Differences pressure error        (m H2O)


	Measured time
	Sample Location (m)




	
	
	
	
	
	
	X
	Y
	Z

	1
	J-51
	85
	87.77
	-2.77
	3:00AM
	356,590.97
	785,884.13
	1,705.5

	2
	J-74
	55
	57.13
	-2.13
	4:30AM
	357,013.20
	785,295.79
	1,731.7


	3
	J-23
	67
	63.23
	3.77
	10:20AM
	355,181.37
	783,408.02
	1,768.6


	4
	J-14
	76
	74.94
	1.06
	12:00AM
	355,323.76
	780,672.66
	1,756.5


	5
	J-15
	33
	30.01
	2.99
	9:10PM
	357,070.53
	785,481.92
	1,720.4


	6
	J-30
	59
	56.86
	2.14
	2:00PM
	357,006.07
	785,538.64
	1,718.3


	7
	J-6
	45
	41.69
	3.31
	3:20PM
	356,915.83
	785,623.72
	1,715.4


	8
	J-64
	23
	20.54
	2.46
	4:00PM
	356,763.72
	785,747.48
	1,710.7


	9
	J-79
	68
	66.39
	1.61
	2:00PM
	357,024.92
	785,311.74
	1,729.6


	10
	J-53
	49
	46.23
	2.77
	9:30PM
	357,353.03
	785,281.50
	1,647.1


	
	Average 
	1.521
	
	
	
	


[bookmark: _Toc64645876]Table ‎4.11: Junction pressure calibration based on degree of accuracy criteria

As shown in table 4.11 the computed pressure values with in an average error of 1.521m pressure from simulated to observed values. Hence the model is acceptable calibrated which is satisfied the criteria that pressure calibration under average level (average ±1. 5m to maximum ±5m).

[bookmark: _Toc64645928][bookmark: _Toc45620470] Figure ‎4.2: Correlation between observed and simulated pressure relationship plot
4.1.10. [bookmark: _Toc65077748]Major Problems on Existing Water Supply System of the Areka Town
The following are the main problems of Existing Water Supply System of the Town based on the analysis results: 
(a.) The Existing Water Supply System of the Town has been modeled with the help of WaterGEMS in which the result of the analysis showed that the overall performance of existing water distribution of the town shown that velocity and pressure were not in permissible range.
(b.) Pressure based hydraulic performance evaluation indicated that acceptable minimum pressure value has not been met. During peak hour flow, parts of the distribution system receive water with low pressure and under some circumstances risk of obtaining no water because of the pressure in the distribution system is beyond permissible minimum requirements. 
(c.) Most parts of the central network being suffered by lower flow velocities of less than 0.5m/s due to unnecessarily congestion of pipe network. This is to the extent of occurring zero (no) flow conditions in some of the pipes.
In general, the simulated hydraulic result indicated that the current hydraulic performance of town distribution system is not satisfactory. But it doesn’t mean that the system is not functional. Rather the frequency of service interruption is relatively high. This interruption is partly contributing for the current water shortage in the town.
4.1.11. [bookmark: _Toc65077749]Methods used to improve the existing water supply network of the Town
4.1.11.1. Adding pressure reducing valve in the network
The best operational practice to optimize the operation of water distribution system was controlling the pressure in the network. This management of pressure has been reflected in the aspect of reducing excessive pressure by installing pressure reduced valve. By controlling the pressure, it is possible to reduce the amount of water loss from the system, the occurrence of internal damage and power consumption related to high pressure.at minimum hour demand pressure was high at lower elevation area. Installing pressure reduced valve at links which have maximum pressure was used to reducing excessive pressure to the desired allowable values.
4.1.11.2. Using higher PN class of pipe in the network
The excessive pressure in the system (pressure head greater than 70m) can be solved by two methods (1) to use pressure reducing valve or (2) use higher PN class of pipe which can resist the maximum pressure. Therefore, the best recommendable option is to use higher pipe class for those pipes where the pressure head greater than 80m water column in order to with stand the excessive pressure.
4.1.11.3. Improving pipe size
Increasing in the diameter of the pipe in water distribution model results in a corresponding decrease in velocity and increase in pressure. At peak hour consumption the velocities out of the design range are modified by resizing pipes diameter. 
[bookmark: _Toc65077750]Hydraulic Performance Evaluation 
4.1.12. [bookmark: _Toc65077751]Pressure analysis
Minimum pressures at peak hour consumption: appropriate to assist the maximum supply idea in the system classically mains, pressures not less than 15 m would be required (MoWR, 2006).
Maximum pressure during low consumption hour: The maximum pressure in mains is considered not to exceed 70 m to limit leakage and stress on pipes (MoWR, 2006). 


[bookmark: _Toc45620471][image: ]
[bookmark: _Toc64645929]Figure ‎4.3: Pressure Colour coding properties









 






[bookmark: _Toc64645930]          Figure ‎4.4: Pressure contour map of town at peak hour consumption

[bookmark: _Toc45072676][bookmark: _Toc52522516]During hydraulic modelling of water pressure of town has 110 nodes and 120 pipes were identified. With regard to current simulation the result of pressure at peak consumption was summarized in table 4.12   
[bookmark: _Toc64645877]Table ‎4.12: Distribution of pressure at peak hour consumption
	Pressure (m of H2O)
	Number of nodes
	Percentage

	<=15
	2
	1.81%

	<=25
	3
	2.72%

	<=35
	11
	10%

	<=45
	3
	2.72%

	<=55
	4
	3.65%

	<=65
	4
	3.65%

	<=70
	13
	11.82%

	>70
	70
	63.63%

	Total
	110
	100%


As shown in the table 4.12 shows that 1.81% of the nodes are under desirable minimum pressure and 63.63% of the nodes are exceeding maximum allowable pressure during peak hour consumption. Thus, only 34.56% of nodes have pressure within the recommended limit (15m to 70m). The excessive pressure in the system (pressure head greater than 70m) can be solved by two methods by using pressure reducing valve and using higher PN class of pipe which can resist the excessive pressure. 
[image: ]
[bookmark: _Toc45620473] 
[bookmark: _Toc64645931]                          Figure ‎4.5: Velocity Colour coding properties


[bookmark: _Toc45620474] 
[bookmark: _Toc45072677][bookmark: _Toc52522517]                                                    










[bookmark: _Toc64645932]Figure ‎4.6: Pressure contour map of town at minimum hour consumption
[bookmark: _Toc64645878] Table ‎4.13: Distribution of pressure at minimum consumption time
	Pressure (m of H2O)
	Number of nodes
	Percentage

	<=15
	2
	1.81%

	<=25
	4
	3.64%

	<=35
	8
	7.27%

	<=45
	3
	2.73%

	<=55
	3
	2.73%

	<=65
	6
	5.46%

	<=70
	4
	3.63%

	Above
	80
	72.73%

	Total
	110
	100%


As shown in the table 4.13, 1.81% of the nodes are under desirable minimum pressure and 72.73% of the nodes are exceeding maximum allowable pressure during minimum hour consumption time, while, 25.46% of the nodes are in the permissible pressure range of minimum 15 m and maximum 70m pressure. However, 72.73% of the nodes were getting water above standard pressure (>70m) due to low consumption at midnight when most of the consumers are sleeping and not using water.
4.1.13. [bookmark: _Toc65077752]Velocity analysis
[bookmark: _Toc45072678]The velocity of water flow in a pipe is also one of the important parameters in hydraulic modelling performance evaluation of the efficiency of water supply distribution and transmission line. According to MoWR, (2006) the velocity ranges can also be adopted as the design criteria, low velocities for hygienic, while too high-velocity cause exceptional head loss reason are not preferred velocity distribution is also varying with demand pattern changes.  There are specific standards for velocity and head loss in WDS. According to (MOWR, 2006). velocity of flow in the pipe below 0.6m/s causes‟ water stagnation, sediment accumulation and bacteriological growth in the pipe, on the other hand velocity of flow in the pipe above 2m/s causes head loss as well as water hammer. Velocity in water distribution system was varied with the demand pattern change. At peak consumption time the values are different as compare low consumption time. The town water supply distribution system of velocities during peak and low consumption time were summarized in table 4.14 and 4.15 below.
[bookmark: _Toc52522518]

 
[bookmark: _Toc64645879]Table ‎4.14: Distribution of actual pipe velocity at peak consumption hour
	Velocity (m/s)
	Number of pipes
	Percentage

	

	< 0.6
	0
	0

	0.6-2
	120
	100%

	>2
	0
	0

	Total
	120
	100%


[bookmark: _Toc45072679][bookmark: _Toc52522519]As indicated table 4.14, All of the pipes are in the recommended velocity range of minimum 0.6 m/s and maximum 2 m/s velocities based on Ethiopia urban water supply design guideline criteria. 
[bookmark: _Toc64645880]Table ‎4.15: Velocities for water supply distribution system during low consumption time
	Velocity (m/s)
	Number of pipes
	Percentage

	<0.6
	108
	90%

	0.6-2
	12
	10%

	>2
	0
	0

	Total
	120
	100%


As shown the table 4.15, 90% of the pipe was below desirable minimum velocity and there is no pipe velocity is exceeding maximum allowable velocity during low consumption time. While 10% of the pipes is in the recommended velocity range of minimum 0.6 m/s and maximum 2 m/s velocities. There is no head loss and water hammer in this study area during the minimum consumption time.







5. [bookmark: _Toc65077753]CONCLUSIONS AND RECOMMENDATION
[bookmark: _Toc65077754]Conclusions 
The findings of this study revealed that the current (2020) and the future (2042) maximum day water demand at study area was 2,395.92 m3/day and 14,116.88 m3/day respectively and the average per capita domestic water consumption of the town was found to be 11.74 l/c/d for the base year which only satisfies 20% of the minimum urban water consumption value set by (MOWIE, 2015) and 47% value set by (WHO,2008). The study has confirmed that there is high gap between demand and supply in the town because the current water supply (production) of the town was only 1090.13 m3/day and this showed that the current supply only satisfies 45.5% of the current demand (2020) and 7.7% of the future demand in year 2042. The annual water loss in the study area in year 2020 was 108,808 m3 (27.35%) and due to this the Enterprise lost 870, 464 ETB in 2020. The causes for water loss were age of pipe network, poor and unscheduled maintenance of network, customer meter inaccuracies, data handling error, community behavior, and low operation and maintenance attention and some the proposed strategies to reduce water loss were improving organizational management and provision of training, assessing meter, testing and replacement. water balance check-up, effective maintenance, old pipes and fittings replacement and repair.
During hydraulic modelling, 63.63% of the higher pressures in the town (>70 m) were observed at 7 junctions due to low elevation. 34.56% of the areas have pressure within the recommended limit (15 to70 m) during peak hour consumption. During peak hour consumption, parts of the distribution system receive water with low pressure and under some circumstances risk of obtaining no water is observed because of the pressure in the distribution system is below permissible minimum requirement. 1.81% of the identified nodes have pressure below 15 m at peak time consumption.  For the parts of the system that are located far away from the sources, or have high elevation, it is clearly obvious that they are suffering from low-pressure values. Velocity in distribution network was in recommended range in peak consumption time and 90% of Velocity of water in the town was (<0.6m/s) and the rest 10% with in recommended limit (0.6-2m/s) during low consumption time.
In general, it was concluded that the current water distribution network systems of town categorized under high water loss, unsatisfactory hydraulic performance situation and were not supply adequate water for the current and future water demand of the town. Particularly, the distribution system is not maintaining the minimum and maximum pressure and velocity. After modifying the existing water distribution system, the excessive pressure in the system (pressure head greater than 70m) are solved by using pressure reducing valve and using higher PN class of pipe which can resist the excessive pressure. Also all of the pipes are in the recommended velocity range of minimum 0.6 m/s and maximum 2 m/s.  
High Pressures during low demand conditions are usually caused by serving customers at too low an elevation for the pressure zone or due to oversized piping main. This problem can be mitigated by establishing a new pressure zone for the lower elevation areas using system PRVs and/or downsizing the pipe main by re-running the model for the critical condition for that oversized piping.
[bookmark: _Toc65077755]Recommendation 
Based on the findings, the following recommendations are made:
· The development of new sources having the production capacity at least 1302.79 m3/day and expansion of the existing sources should be done to meet increasing water demand. 
· Manage the demand by controlling water loss from pipe leakage and consumption through the use of meters and tariffs that are set in accordance with the volume of water consumption. 
· In order to achieve (15- 70 m), uses of pressure sustaining valves are recommended as to control the occurrences of minimum pressures. These valves start closing if the pressure falls below the preset value as to guarantee allowable minimum pressure for isolated parts of area and also establishing boosting station is recommended. Pressure reducing valve devices which decrease pressure are recommended as solution to control occurrences of maximum pressures for parts of high elevation network. 
· A planned and scheduled rationing system should be implemented to supply water equally for residents of the town.
[bookmark: _Toc65077756]
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APPENDEX A: Hydraulic Modelling Analysis of Town proposed Distribution Network Pipe Line (Junction Report)
	Label
	Demand (L/s)
	Hydraulic Grade (m)
	Pressure (m H2O)

	PL-69
	 
	1,500.79
	10.67

	PL-30
	 
	1,488.91
	11.92

	PL-113
	 
	1,500.76
	28.77

	PL-112
	 
	1,500.70
	29.18

	J-40
	 
	1,488.84
	29.78

	YCU 4
	1.02
	1,500.68
	31.41

	PL-111
	 
	1,500.60
	32.06

	PL-110
	 
	1,500.54
	32.59

	J-14
	 
	1,669.27
	33.21

	Wp 4
	1.02
	1,669.19
	34.12

	YCU 5
	1.02
	1,488.82
	35.31

	J-43
	 
	1,500.53
	42.22

	PL-68
	 
	1,500.42
	50.16

	J-44
	 
	1,500.41
	54.78

	J-45
	 
	1,500.40
	57.75

	Wp 5
	1.02
	1,668.99
	58.88

	Wp 14
	1.09
	1,500.39
	59.89

	Wp 15
	1.3
	1,500.35
	60.23

	YCU 6
	1.09
	1,500.34
	61.22

	PL-17
	 
	1,669.12
	63.69

	PL-96
	 
	1,669.15
	67.76

	Wp 3
	1.02
	1,669.04
	68.91

	PL-87
	 
	1,669.18
	70.49

	YCU 8
	1.02
	1,669.11
	71.23

	J-13
	 
	1,669.16
	72.11

	J-8
	 
	1,669.08
	73.32

	Wp 6
	0.16
	1,669.01
	73.86

	Wp 2
	0.37
	1,669.15
	74

	PL-115
	 
	1,669.15
	77.09

	YCU 7
	1.3
	1,669.03
	77.95

	PL-103
	 
	1,669.04
	78.2

	J-15
	 
	1,669.09
	78.93

	VC 3
	 
	1,669.01
	79.28

	PL-56
	 
	1,668.75
	86.47

	PL-99
	 
	1,669.13
	88.58

	J-29
	 
	1,668.83
	88.65

	PL-91
	 
	1,669.10
	88.86

	J-5
	 
	1,668.97
	89.18

	PL-45
	 
	1,668.70
	89.45

	PL-22
	 
	1,669.09
	90.86

	YCU 9
	0.63
	1,668.38
	90.94

	WP 21
	1.02
	1,669.07
	91.88

	Wp 1
	1.02
	1,668.63
	92.14

	Wp 7
	0.63
	1,668.90
	94.14

	J-7
	 
	1,668.88
	94.9

	Abattoir
	0.53
	1,668.36
	95.35

	PL-35
	 
	1,668.52
	95.99

	PL-130
	 
	1,668.46
	96.06

	PL-118
	 
	1,668.99
	97.37

	Wp 19
	0.8
	1,668.35
	97.49

	Wp 18
	0.63
	1,668.34
	98.14

	PL-23
	 
	1,669.05
	100.36

	J-3
	 
	1,668.87
	102.09

	PL-131
	 
	1,668.51
	102.29

	J-30
	 
	1,668.84
	103.75

	J-6
	 
	1,668.61
	105.49

	PL-74
	 
	1,668.86
	106.18

	PL-36
	 
	1,668.58
	106.55

	PL-38
	 
	1,668.63
	106.8

	PL-27
	 
	1,668.93
	106.83

	PL-24
	 
	1,668.89
	107.36

	PL-64
	 
	1,668.92
	107.94

	PL-3
	 
	1,668.86
	109.99

	PL-1
	 
	1,668.95
	110.12

	PL-33
	 
	1,668.85
	114.7

	Wp 8
	1.3
	1,668.54
	114.79

	PL-42
	 
	1,668.92
	115.6

	PL-4
	 
	1,668.76
	115.92

	Wp 17
	1.09
	1,668.53
	117.03

	Wp 9
	1.3
	1,668.52
	118.29

	PL-105
	 
	1,668.73
	122.22

	PL-104
	 
	1,668.71
	122.62

	PL-2
	 
	1,668.84
	126.07

	YCU 1
	1.02
	1,668.52
	128.26

	PL-6
	 
	1,668.59
	128.64

	PL-40
	 
	1,668.79
	130.59

	PL-50
	 
	1,668.68
	130.61

	PL-7
	 
	1,668.54
	131.02

	PL-43
	 
	1,668.76
	131.13

	J-26
	 
	1,668.70
	132.43

	PL-122
	 
	1,668.67
	133.36

	Wp 20
	1.13
	1,668.69
	133.42

	Wp 10
	1.09
	1,668.46
	133.61

	PL-124
	 
	1,668.59
	133.71

	PL-41
	 
	1,668.84
	134.47

	PL-9
	 
	1,668.55
	137.58

	Wp 8
	1.3
	1,668.50
	138.19

	YCU 3
	1.3
	1,668.68
	141.89

	PL-51
	 
	1,668.47
	145.78

	PL-47
	 
	1,668.25
	147.13

	Wp 16
	0.87
	1,668.46
	148.16

	YCU 2
	1.16
	1,668.74
	151.28

	PL-67
	 
	1,668.29
	154.75

	PL-52
	 
	1,668.70
	155.59

	Wp 12
	1.02
	1,668.19
	155.88

	J-37
	 
	1,668.21
	155.97

	PL-28
	 
	1,668.23
	156.38

	J-36
	 
	1,668.14
	157.49

	Wp 17
	1.09
	1,668.33
	157.65

	PL-108
	 
	1,668.17
	163.94

	PL-29
	 
	1,667.87
	166.05

	Wp13
	1.3
	1,667.85
	167.51

	PL-31
	 
	1,668.12
	170.28

	Wp 11
	1.09
	1,668.05
	171.71













[bookmark: _Toc62434213]APPENDEX B: Proposed Hydraulic Modelling Analysis Peak Hour Demand Scenario (junction Report)
	Label
	Elevation (m)
	Demand (L/s)
	Hydraulic    Grade (m)
	Pressure     (m H2O)

	PL-69
	1,490.10
	
	1,499.78
	9.66

	PL-30
	1,476.97
	
	1,487.98
	10.98

	PL-110
	1,467.89
	
	1,491.93
	24

	PL-111
	1,468.48
	
	1,493.91
	25.38

	PL-112
	1,471.46
	
	1,496.98
	25.47

	J-40
	1,459.00
	
	1,485.64
	26.59

	PL-113
	1,471.93
	
	1,498.61
	26.63

	YCU 4
	1,469.20
	6.51
	1,496.17
	26.91

	Wp 4
	1,635.00
	6.51
	1,665.89
	30.83

	YCU 5
	1,453.44
	6.51
	1,485.09
	31.59

	J-14
	1,635.99
	
	1,668.23
	32.18

	J-43
	1,458.23
	
	1,491.52
	33.23

	PL-68
	1,450.16
	
	1,488.31
	38.08

	J-44
	1,445.52
	
	1,487.92
	42.32

	J-45
	1,442.54
	
	1,487.54
	44.92

	Wp 15
	1,440.00
	8.35
	1,486.12
	46.03

	YCU 6
	1,439.00
	6.98
	1,485.72
	46.63

	Wp 14
	1,440.38
	6.98
	1,487.27
	46.8

	Wp 5
	1,610.00
	6.51
	1,659.78
	49.68

	PL-17
	1,605.30
	
	1,663.70
	58.28

	Wp 3
	1,600.00
	6.51
	1,661.34
	61.22

	YCU 9
	1,577.25
	4
	1,640.56
	63.19

	PL-96
	1,601.25
	
	1,664.61
	63.23

	Wp 6
	1,595.00
	1.04
	1,660.18
	65.05

	YCU 8
	1,597.74
	6.51
	1,663.38
	65.5

	PL-87
	1,598.54
	
	1,665.50
	66.82

	J-8
	1,595.62
	
	1,662.60
	66.84

	Abattoir
	1,572.82
	3.38
	1,640.04
	67.09

	J-13
	1,596.90
	
	1,665.00
	67.96

	Wp 19
	1,570.67
	5.12
	1,639.78
	68.97

	Wp 18
	1,570.00
	4
	1,639.37
	69.23

	Wp 2
	1,595.00
	2.4
	1,664.70
	69.56

	PL-56
	1,582.11
	
	1,652.10
	69.85

	YCU 7
	1,590.93
	8.35
	1,661.00
	69.94

	PL-103
	1,590.68
	
	1,661.07
	70.25

	VC 3
	1,589.56
	
	1,660.12
	70.42

	PL-130
	1,572.20
	
	1,643.09
	70.75

	PL-45
	1,579.06
	
	1,650.53
	71.32

	Wp 1
	1,576.29
	6.51
	1,648.30
	71.86

	PL-35
	1,572.33
	
	1,644.97
	72.49

	J-15
	1,590.00
	
	1,662.65
	72.5

	PL-115
	1,591.91
	
	1,664.72
	72.67

	J-29
	1,580.00
	
	1,654.61
	74.46

	PL-131
	1,566.02
	
	1,644.86
	78.68

	J-5
	1,579.60
	
	1,658.88
	79.11

	Wp 7
	1,574.58
	4
	1,656.99
	82.25

	J-7
	1,573.79
	
	1,656.22
	82.27

	PL-91
	1,580.07
	
	1,663.17
	82.94

	PL-99
	1,580.37
	
	1,663.98
	83.44

	PL-22
	1,578.05
	
	1,662.72
	84.51

	PL-36
	1,561.81
	
	1,646.74
	84.76

	J-6
	1,562.91
	
	1,647.92
	84.84

	WP 21
	1,577.00
	6.51
	1,662.12
	84.95

	PL-38
	1,561.61
	
	1,648.36
	86.57

	PL-118
	1,571.42
	
	1,659.53
	87.93

	J-3
	1,566.57
	
	1,655.86
	89.11

	J-30
	1,564.88
	
	1,655.01
	89.95

	Wp 8
	1,553.52
	8.35
	1,645.55
	91.85

	PL-23
	1,568.48
	
	1,661.40
	92.73

	PL-74
	1,562.46
	
	1,655.64
	92.99

	Wp 17
	1,551.26
	6.98
	1,645.32
	93.87

	Wp 9
	1,550.00
	8.35
	1,645.18
	94.98

	PL-24
	1,561.32
	
	1,656.68
	95.16

	PL-27
	1,561.88
	
	1,657.66
	95.59

	PL-64
	1,560.76
	
	1,657.48
	96.53

	PL-3
	1,558.65
	
	1,655.68
	96.84

	PL-1
	1,558.61
	
	1,658.46
	99.64

	PL-4
	1,552.61
	
	1,652.62
	99.8

	PL-33
	1,553.92
	
	1,655.34
	101.22

	PL-42
	1,553.09
	
	1,657.57
	104.27

	YCU 1
	1,540.00
	6.51
	1,644.92
	104.71

	PL-104
	1,545.84
	
	1,650.83
	104.78

	PL-105
	1,546.26
	
	1,651.52
	105.05

	PL-6
	1,539.69
	
	1,647.15
	107.25

	PL-7
	1,537.26
	
	1,645.77
	108.3

	Wp 10
	1,534.59
	6.98
	1,643.22
	108.41

	PL-50
	1,537.80
	
	1,649.97
	111.94

	PL-2
	1,542.51
	
	1,654.96
	112.22

	PL-124
	1,534.62
	
	1,647.33
	112.49

	Wp 8
	1,530.03
	8.35
	1,644.52
	114.26

	J-26
	1,536.00
	
	1,650.52
	114.29

	PL-122
	1,535.04
	
	1,649.64
	114.37

	PL-43
	1,537.37
	
	1,652.49
	114.89

	Wp 20
	1,535.00
	7.2
	1,650.17
	114.94

	PL-9
	1,530.69
	
	1,645.99
	115.06

	PL-40
	1,537.93
	
	1,653.33
	115.17

	PL-47
	1,520.82
	
	1,636.54
	115.49

	PL-41
	1,534.10
	
	1,654.92
	120.58

	PL-51
	1,522.39
	
	1,643.37
	120.74

	Wp 12
	1,512.00
	6.51
	1,634.86
	122.61

	J-36
	1,510.33
	
	1,633.23
	122.65

	Wp 16
	1,520.00
	5.6
	1,643.18
	122.93

	J-37
	1,511.92
	
	1,635.28
	123.11

	PL-29
	1,501.49
	
	1,624.92
	123.18

	YCU 3
	1,526.51
	8.35
	1,650.07
	123.32

	Wp13
	1,500.00
	8.35
	1,624.06
	123.81

	PL-28
	1,511.53
	
	1,635.95
	124.17

	PL-67
	1,513.23
	
	1,637.82
	124.34

	Wp 17
	1,510.35
	6.98
	1,638.97
	128.36

	PL-108
	1,503.90
	
	1,634.00
	129.84

	Wp 11
	1,496.00
	6.98
	1,630.45
	134.18

	YCU 2
	1,517.15
	7.44
	1,651.83
	134.41

	PL-31
	1,497.49
	
	1,632.56
	134.8

	PL-52
	1,512.80
	
	1,650.73
	137.66











[bookmark: _Toc62434214]APPENDEX C: Areka Town Proposed Hydraulic Modelling Analysis minimum day Demand Scenario (junction Report)
	Label
	Elevation (m)
	Demand (L/s)
	Hydraulic    Grade (m)
	Pressure         (m H2O)

	PL-69
	1,490.10
	
	1,500.79
	10.67

	PL-30
	1,476.97
	
	1,488.91
	11.92

	PL-113
	1,471.93
	
	1,500.76
	28.77

	PL-112
	1,471.46
	
	1,500.70
	29.18

	J-40
	1,459.00
	
	1,488.84
	29.78

	YCU 4
	1,469.20
	1.02
	1,500.68
	31.41

	PL-111
	1,468.48
	
	1,500.60
	32.06

	PL-110
	1,467.89
	
	1,500.54
	32.59

	J-14
	1,635.99
	
	1,669.27
	33.21

	Wp 4
	1,635.00
	1.02
	1,669.19
	34.12

	YCU 5
	1,453.44
	1.02
	1,488.82
	35.31

	J-43
	1,458.23
	
	1,500.53
	42.22

	PL-68
	1,450.16
	
	1,500.42
	50.16

	J-44
	1,445.52
	
	1,500.41
	54.78

	J-45
	1,442.54
	
	1,500.40
	57.75

	Wp 5
	1,610.00
	1.02
	1,668.99
	58.88

	Wp 14
	1,440.38
	1.09
	1,500.39
	59.89

	Wp 15
	1,440.00
	1.3
	1,500.35
	60.23

	YCU 6
	1,439.00
	1.09
	1,500.34
	61.22

	PL-17
	1,605.30
	
	1,669.12
	63.69

	PL-96
	1,601.25
	
	1,669.15
	67.76

	Wp 3
	1,600.00
	1.02
	1,669.04
	68.91

	PL-87
	1,598.54
	
	1,669.18
	70.49

	YCU 8
	1,597.74
	1.02
	1,669.11
	71.23

	J-13
	1,596.90
	
	1,669.16
	72.11

	J-8
	1,595.62
	
	1,669.08
	73.32

	Wp 6
	1,595.00
	0.16
	1,669.01
	73.86

	Wp 2
	1,595.00
	0.37
	1,669.15
	74

	PL-115
	1,591.91
	
	1,669.15
	77.09

	YCU 7
	1,590.93
	1.3
	1,669.03
	77.95

	PL-103
	1,590.68
	
	1,669.04
	78.2

	J-15
	1,590.00
	
	1,669.09
	78.93

	VC 3
	1,589.56
	
	1,669.01
	79.28

	PL-56
	1,582.11
	
	1,668.75
	86.47

	PL-99
	1,580.37
	
	1,669.13
	88.58

	J-29
	1,580.00
	
	1,668.83
	88.65

	PL-91
	1,580.07
	
	1,669.10
	88.86

	J-5
	1,579.60
	
	1,668.97
	89.18

	PL-45
	1,579.06
	
	1,668.70
	89.45

	PL-22
	1,578.05
	
	1,669.09
	90.86

	YCU 9
	1,577.25
	0.63
	1,668.38
	90.94

	WP 21
	1,577.00
	1.02
	1,669.07
	91.88

	Wp 1
	1,576.29
	1.02
	1,668.63
	92.14

	Wp 7
	1,574.58
	0.63
	1,668.90
	94.14

	J-7
	1,573.79
	
	1,668.88
	94.9

	Abattoir
	1,572.82
	0.53
	1,668.36
	95.35

	PL-35
	1,572.33
	
	1,668.52
	95.99

	PL-130
	1,572.20
	
	1,668.46
	96.06

	PL-118
	1,571.42
	
	1,668.99
	97.37

	Wp 19
	1,570.67
	0.8
	1,668.35
	97.49

	Wp 18
	1,570.00
	0.63
	1,668.34
	98.14

	PL-23
	1,568.48
	
	1,669.05
	100.36

	J-3
	1,566.57
	
	1,668.87
	102.09

	PL-131
	1,566.02
	
	1,668.51
	102.29

	J-30
	1,564.88
	
	1,668.84
	103.75

	J-6
	1,562.91
	
	1,668.61
	105.49

	PL-74
	1,562.46
	
	1,668.86
	106.18

	PL-36
	1,561.81
	
	1,668.58
	106.55

	PL-38
	1,561.61
	
	1,668.63
	106.8

	PL-27
	1,561.88
	
	1,668.93
	106.83

	PL-24
	1,561.32
	
	1,668.89
	107.36

	PL-64
	1,560.76
	
	1,668.92
	107.94

	PL-3
	1,558.65
	
	1,668.86
	109.99

	PL-1
	1,558.61
	
	1,668.95
	110.12

	PL-33
	1,553.92
	
	1,668.85
	114.7

	Wp 8
	1,553.52
	1.3
	1,668.54
	114.79

	PL-42
	1,553.09
	
	1,668.92
	115.6

	PL-4
	1,552.61
	
	1,668.76
	115.92

	Wp 17
	1,551.26
	1.09
	1,668.53
	117.03

	Wp 9
	1,550.00
	1.3
	1,668.52
	118.29

	PL-105
	1,546.26
	
	1,668.73
	122.22

	PL-104
	1,545.84
	
	1,668.71
	122.62

	PL-2
	1,542.51
	
	1,668.84
	126.07

	YCU 1
	1,540.00
	1.02
	1,668.52
	128.26

	PL-6
	1,539.69
	
	1,668.59
	128.64

	PL-40
	1,537.93
	
	1,668.79
	130.59

	PL-50
	1,537.80
	
	1,668.68
	130.61

	PL-7
	1,537.26
	
	1,668.54
	131.02

	PL-43
	1,537.37
	
	1,668.76
	131.13

	J-26
	1,536.00
	
	1,668.70
	132.43

	PL-122
	1,535.04
	
	1,668.67
	133.36

	Wp 20
	1,535.00
	1.13
	1,668.69
	133.42

	Wp 10
	1,534.59
	1.09
	1,668.46
	133.61

	PL-124
	1,534.62
	
	1,668.59
	133.71

	PL-41
	1,534.10
	
	1,668.84
	134.47

	PL-9
	1,530.69
	
	1,668.55
	137.58

	Wp 8
	1,530.03
	1.3
	1,668.50
	138.19

	YCU 3
	1,526.51
	1.3
	1,668.68
	141.89

	PL-51
	1,522.39
	
	1,668.47
	145.78

	PL-47
	1,520.82
	
	1,668.25
	147.13

	Wp 16
	1,520.00
	0.87
	1,668.46
	148.16

	YCU 2
	1,517.15
	1.16
	1,668.74
	151.28

	PL-67
	1,513.23
	
	1,668.29
	154.75

	PL-52
	1,512.80
	
	1,668.70
	155.59

	Wp 12
	1,512.00
	1.02
	1,668.19
	155.88

	J-37
	1,511.92
	
	1,668.21
	155.97

	PL-28
	1,511.53
	
	1,668.23
	156.38

	J-36
	1,510.33
	
	1,668.14
	157.49

	Wp 17
	1,510.35
	1.09
	1,668.33
	157.65

	PL-108
	1,503.90
	
	1,668.17
	163.94

	PL-29
	1,501.49
	
	1,667.87
	166.05

	Wp13
	1,500.00
	1.3
	1,667.85
	167.51

	PL-31
	1,497.49
	
	1,668.12
	170.28

	Wp 11
	1,496.00
	1.09
	1,668.05
	171.71
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APPENDEX D: Proposed Hydraulic Modelling Analysis at Peak Hour Demand Scenario (Pipe Report)
	Label
	Dia. (mm)
	Material
	Hazen-Williams C
	Flow (L/s)
	V (m/s)
	Head loss Gradient (m/km)
	Length (m)

	P-103(1)
	189
	HDPE PN 10
	145
	21.44
	0.76
	2.88
	11,000

	P-79
	158
	HDPE PN 10
	145
	15.76
	0.8
	3.89
	206

	P-102(1)
	395.25
	HDPE PN 10
	145
	209.6
	1.71
	5.4
	199

	P-62
	311.65
	HDPE PN 10
	145
	120.7
	1.58
	6.18
	120

	P-154
	140.45
	HDPE PN 10
	145
	15.01
	0.97
	6.31
	291

	P-15
	140.45
	HDPE PN 10
	145
	15.01
	0.97
	6.31
	248

	P-163
	140.45
	HDPE PN 10
	145
	15.01
	0.97
	6.31
	354

	P-69
	140.45
	HDPE PN 10
	145
	15.01
	0.97
	6.31
	561

	P-81
	65.7
	HDPE PN 10
	145
	2.05
	0.6
	6.38
	225

	P-48
	219.6
	HDPE PN 10
	145
	49.07
	1.3
	6.42
	70

	P-49
	219.6
	HDPE PN 10
	145
	49.07
	1.3
	6.42
	126

	P-63
	311.65
	HDPE PN 10
	145
	127.2
	1.67
	6.81
	114

	P-28
	219.6
	HDPE PN 10
	145
	51.06
	1.35
	6.91
	137

	P-29(1)
	219.6
	HDPE PN 10
	145
	51.06
	1.35
	6.91
	221

	P-35
	175.55
	HDPE PN 10
	145
	28.82
	1.19
	7.13
	164

	P-34
	175.55
	HDPE PN 10
	145
	28.82
	1.19
	7.13
	228

	P-36(1)
	175.55
	HDPE PN 10
	145
	28.82
	1.19
	7.13
	147

	P-99
	219.6
	HDPE PN 10
	145
	52.1
	1.38
	7.17
	127

	P-98
	219.6
	HDPE PN 10
	145
	52.1
	1.38
	7.17
	154

	P-100
	219.6
	HDPE PN 10
	145
	52.1
	1.38
	7.17
	123

	P-80
	140.45
	HDPE PN 10
	145
	16.7
	1.08
	7.7
	116

	P-84
	130
	HDPE PN 16
	145
	13.71
	1.03
	7.78
	334

	P-82
	130
	HDPE PN 16
	145
	13.71
	1.03
	7.78
	253

	P-83
	130
	HDPE PN 16
	145
	13.71
	1.03
	7.78
	302

	P-121(1)
	130
	HDPE PN 16
	145
	13.71
	1.03
	7.79
	28

	P-102(2)
	351.35
	HDPE PN 10
	145
	190.1
	1.96
	7.99
	342

	P-103(2)
	152.4
	HDPE PN 10
	145
	21.44
	1.18
	8.19
	3

	P-97
	96.4
	HDPE PN 10
	145
	6.51
	0.89
	8.41
	160

	P-1(2)
	96.4
	HDPE PN 10
	145
	6.51
	0.89
	8.41
	277

	P-2(1)
	96.4
	HDPE PN 10
	145
	6.51
	0.89
	8.41
	115

	P-113
	96.4
	HDPE PN 10
	145
	6.51
	0.89
	8.41
	727

	P-143
	96.4
	HDPE PN 10
	145
	6.51
	0.89
	8.41
	66

	P-111
	96.4
	HDPE PN 10
	145
	6.51
	0.89
	8.41
	156

	P-110
	96.4
	HDPE PN 10
	145
	6.51
	0.89
	8.41
	664

	P-137
	96.4
	HDPE PN 10
	145
	6.51
	0.89
	8.41
	97

	P-168
	96.4
	HDPE PN 10
	145
	6.51
	0.89
	8.41
	72

	P-109
	65.7
	HDPE PN 10
	145
	2.4
	0.71
	8.57
	35

	P-27(2)(1)(2)
	245.9
	HDPE PN 10
	145
	78.8
	1.66
	8.9
	299

	P-116
	78.85
	HDPE PN 10
	145
	4
	0.82
	9.08
	208

	P-159
	78.85
	HDPE PN 10
	145
	4
	0.82
	9.08
	279

	P-162
	78.85
	HDPE PN 10
	145
	4
	0.82
	9.08
	411

	P-150
	89.45
	HDPE PN 16
	145
	5.6
	0.89
	9.15
	22

	P-27(2)(1)(1)
	245.9
	HDPE PN 10
	145
	80.85
	1.7
	9.33
	38

	P-30(1)(1)
	96.4
	HDPE PN 10
	145
	6.98
	0.96
	9.55
	28

	P-146
	96.4
	HDPE PN 10
	145
	6.98
	0.96
	9.55
	42

	P-76
	96.4
	HDPE PN 10
	145
	6.98
	0.96
	9.55
	148

	P-75
	96.4
	HDPE PN 10
	145
	6.98
	0.96
	9.55
	123

	P-70
	130
	HDPE PN 16
	145
	15.33
	1.15
	9.56
	385

	P-27(2)(2)
	245.9
	HDPE PN 10
	145
	82.8
	1.74
	9.75
	128

	P-139
	146.3
	HDPE PN 16
	145
	21.38
	1.27
	9.96
	255

	P-93
	101.55
	HDPE PN 16
	145
	8.35
	1.03
	10.35
	233

	P-72
	101.55
	HDPE PN 16
	145
	8.35
	1.03
	10.35
	133

	P-130
	101.55
	HDPE PN 16
	145
	8.35
	1.03
	10.35
	58

	P-36(2)
	162.6
	HDPE PN 16
	145
	28.82
	1.39
	10.35
	147

	P-101(1)
	109.75
	HDPE PN 10
	145
	10.75
	1.14
	11.32
	44

	P-42
	122.9
	HDPE PN 10
	145
	14.98
	1.26
	12.04
	177

	P-67(1)
	122.9
	HDPE PN 10
	145
	14.98
	1.26
	12.05
	616

	P-121(2)
	89.45
	HDPE PN 16
	145
	6.51
	1.04
	12.11
	462

	P-2(2)
	89.45
	HDPE PN 10
	145
	6.51
	1.04
	12.11
	121

	P-138
	89.45
	HDPE PN 16
	145
	6.51
	1.04
	12.11
	35

	P-158
	96.4
	HDPE PN 10
	145
	8
	1.1
	12.31
	153

	P-67(2)
	96.4
	HDPE PN 10
	145
	8
	1.1
	12.31
	240

	P-23
	203.4
	HDPE PN 16
	145
	57.17
	1.76
	12.37
	660

	P-24
	203.4
	HDPE PN 16
	145
	57.17
	1.76
	12.37
	391

	P-145
	122.9
	HDPE PN 10
	145
	15.33
	1.29
	12.57
	113

	P-53
	113.9
	HDPE PN 16
	145
	12.58
	1.23
	12.62
	209

	P-52
	113.9
	HDPE PN 16
	145
	12.58
	1.23
	12.62
	531

	P-51
	113.9
	HDPE PN 16
	145
	12.58
	1.23
	12.62
	226

	P-86
	113.9
	HDPE PN 16
	145
	12.58
	1.23
	12.62
	313

	P-46
	158
	HDPE PN 10
	145
	29.98
	1.53
	12.82
	160

	P-59
	175.55
	HDPE PN 10
	145
	39.9
	1.65
	13.02
	226

	P-58
	175.55
	HDPE PN 10
	145
	39.9
	1.65
	13.02
	198

	P-115
	43.8
	HDPE PN 10
	145
	1.04
	0.69
	13.13
	184

	P-31(2)
	140.45
	HDPE PN 10
	145
	22.3
	1.44
	13.14
	32

	P-32
	140.45
	HDPE PN 10
	145
	22.3
	1.44
	13.15
	150

	P-31(1)
	140.45
	HDPE PN 10
	145
	22.3
	1.44
	13.15
	244

	P-33
	140.45
	HDPE PN 10
	145
	22.3
	1.44
	13.15
	234

	P-30(2)
	140.45
	HDPE PN 10
	145
	22.3
	1.44
	13.15
	30

	P-30(1)(2)
	140.45
	HDPE PN 10
	145
	22.3
	1.44
	13.15
	29

	P-25
	219.6
	HDPE PN 10
	145
	72.5
	1.91
	13.22
	52

	P-27(1)(2)
	219.6
	HDPE PN 10
	145
	72.5
	1.91
	13.22
	65

	P-26
	219.6
	HDPE PN 10
	145
	72.5
	1.91
	13.23
	83

	P-128
	219.6
	HDPE PN 10
	145
	72.5
	1.91
	13.23
	150

	P-127
	219.6
	HDPE PN 10
	145
	72.5
	1.91
	13.23
	30

	P-101(2)
	96.4
	HDPE PN 10
	145
	8.35
	1.14
	13.33
	300

	P-88
	96.4
	HDPE PN 10
	145
	8.35
	1.14
	13.33
	198

	P-105
	89.45
	HDPE PN 16
	145
	6.98
	1.11
	13.75
	142

	P-153
	89.45
	HDPE PN 16
	145
	6.98
	1.11
	13.75
	320

	P-107
	89.45
	HDPE PN 16
	145
	6.98
	1.11
	13.75
	153

	P-131
	89.45
	HDPE PN 16
	145
	6.98
	1.11
	13.75
	286

	P-106
	89.45
	HDPE PN 16
	145
	6.98
	1.11
	13.75
	104

	P-50
	158
	HDPE PN 10
	145
	31.74
	1.62
	14.24
	271

	P-165
	78.85
	HDPE PN 10
	145
	5.12
	1.05
	14.34
	240

	P-167
	78.85
	HDPE PN 10
	145
	5.12
	1.05
	14.34
	354

	P-122
	89.45
	HDPE PN 16
	145
	7.2
	1.15
	14.58
	23

	P-47
	175.55
	HDPE PN 10
	145
	42.56
	1.76
	14.68
	218

	P-60
	89.45
	HDPE PN 16
	145
	7.44
	1.18
	15.49
	226

	P-61
	89.45
	HDPE PN 16
	145
	7.44
	1.18
	15.5
	202

	P-11(1)
	65.7
	HDPE PN 10
	145
	3.38
	1
	16.12
	513

	P-112
	109.75
	HDPE PN 10
	145
	13.02
	1.38
	16.14
	145

	P-3(1)
	113.9
	HDPE PN 16
	145
	14.86
	1.46
	17.2
	483

	P-140
	113.9
	HDPE PN 16
	145
	14.86
	1.46
	17.21
	119

	P-133
	158
	HDPE PN 16
	145
	35.79
	1.83
	17.79
	33

	P-38
	158
	HDPE PN 16
	145
	35.79
	1.83
	17.79
	72

	P-142
	89.45
	HDPE PN 16
	145
	8.35
	1.33
	19.19
	45

	P-77
	89.45
	HDPE PN 16
	145
	8.35
	1.33
	19.19
	146

	P-89
	89.45
	HDPE PN 16
	145
	8.35
	1.33
	19.19
	275

	P-90
	89.45
	HDPE PN 16
	145
	8.35
	1.33
	19.19
	267

	P-92
	89.45
	HDPE PN 16
	145
	8.35
	1.33
	19.2
	265

	P-117
	89.45
	HDPE PN 16
	145
	8.35
	1.33
	19.2
	391
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	Label
	Length (Scaled) (m)
	Diameter (mm)
	Material
	Hazen-Williams C
	Flow (L/s)
	Velocity (m/s)
	head loss Gradient (m/km)

	P-81
	225
	65.7
	HDPE PN 10
	145
	0.32
	0.1
	0.2

	P-115
	184
	43.8
	HDPE PN 10
	145
	0.16
	0.11
	0.42

	P-109
	35
	65.7
	HDPE PN 10
	145
	0.37
	0.11
	0.28

	P-79
	206
	158
	HDPE PN 10
	145
	2.46
	0.13
	0.13

	P-116
	208
	78.85
	HDPE PN 10
	145
	0.63
	0.13
	0.29

	P-159
	279
	78.85
	HDPE PN 10
	145
	0.63
	0.13
	0.29

	P-162
	411
	78.85
	HDPE PN 10
	145
	0.63
	0.13
	0.29

	P-150
	22
	89.45
	HDPE PN 16
	145
	0.87
	0.14
	0.3

	P-97
	160
	96.4
	HDPE PN 10
	145
	1.02
	0.14
	0.27

	P-110
	664
	96.4
	HDPE PN 10
	145
	1.02
	0.14
	0.27

	P-111
	156
	96.4
	HDPE PN 10
	145
	1.02
	0.14
	0.27

	P-113
	727
	96.4
	HDPE PN 10
	145
	1.02
	0.14
	0.27

	P-137
	97
	96.4
	HDPE PN 10
	145
	1.02
	0.14
	0.27

	P-1(2)
	277
	96.4
	HDPE PN 10
	145
	1.02
	0.14
	0.27

	P-143
	66
	96.4
	HDPE PN 10
	145
	1.02
	0.14
	0.27

	P-168
	72
	96.4
	HDPE PN 10
	145
	1.02
	0.14
	0.27

	P-2(1)
	115
	96.4
	HDPE PN 10
	145
	1.02
	0.14
	0.27

	P-75
	123
	96.4
	HDPE PN 10
	145
	1.09
	0.15
	0.31

	P-76
	148
	96.4
	HDPE PN 10
	145
	1.09
	0.15
	0.31

	P-30(1)(1)
	28
	96.4
	HDPE PN 10
	145
	1.09
	0.15
	0.31

	P-146
	42
	96.4
	HDPE PN 10
	145
	1.09
	0.15
	0.31

	P-69
	561
	140.45
	HDPE PN 10
	145
	2.34
	0.15
	0.2

	P-154
	291
	140.45
	HDPE PN 10
	145
	2.34
	0.15
	0.2

	P-15
	248
	140.45
	HDPE PN 10
	145
	2.35
	0.15
	0.2

	P-163
	354
	140.45
	HDPE PN 10
	145
	2.35
	0.15
	0.2

	P-11(1)
	513
	65.7
	HDPE PN 10
	145
	0.53
	0.16
	0.52

	P-72
	133
	101.55
	HDPE PN 16
	145
	1.3
	0.16
	0.33

	P-93
	233
	101.55
	HDPE PN 16
	145
	1.3
	0.16
	0.33

	P-130
	58
	101.55
	HDPE PN 16
	145
	1.3
	0.16
	0.33

	P-82
	253
	130
	HDPE PN 16
	145
	2.14
	0.16
	0.25

	P-83
	302
	130
	HDPE PN 16
	145
	2.14
	0.16
	0.25

	P-84
	334
	130
	HDPE PN 16
	145
	2.14
	0.16
	0.25

	P-121(1)
	28
	130
	HDPE PN 16
	145
	2.14
	0.16
	0.25

	P-121(2)
	462
	89.45
	HDPE PN 16
	145
	1.02
	0.16
	0.39

	P-138
	35
	89.45
	HDPE PN 16
	145
	1.02
	0.16
	0.39

	P-2(2)
	121
	89.45
	HDPE PN 10
	145
	-1.02
	0.16
	0.39

	P-165
	240
	78.85
	HDPE PN 10
	145
	0.8
	0.16
	0.46

	P-167
	354
	78.85
	HDPE PN 10
	145
	0.8
	0.16
	0.46

	P-80
	116
	140.45
	HDPE PN 10
	145
	2.61
	0.17
	0.25

	P-67(2)
	240
	96.4
	HDPE PN 10
	145
	1.25
	0.17
	0.4

	P-158
	153
	96.4
	HDPE PN 10
	145
	1.25
	0.17
	0.4

	P-105
	142
	89.45
	HDPE PN 16
	145
	1.09
	0.17
	0.44

	P-106
	104
	89.45
	HDPE PN 16
	145
	1.09
	0.17
	0.44

	P-107
	153
	89.45
	HDPE PN 16
	145
	1.09
	0.17
	0.44

	P-131
	286
	89.45
	HDPE PN 16
	145
	1.09
	0.17
	0.44

	P-153
	320
	89.45
	HDPE PN 16
	145
	1.09
	0.17
	0.44

	P-101(1)
	44
	109.75
	HDPE PN 10
	145
	1.68
	0.18
	0.36

	P-88
	198
	96.4
	HDPE PN 10
	145
	1.3
	0.18
	0.43

	P-101(2)
	300
	96.4
	HDPE PN 10
	145
	1.3
	0.18
	0.43

	P-122
	23
	89.45
	HDPE PN 16
	145
	1.13
	0.18
	0.47

	P-70
	385
	130
	HDPE PN 16
	145
	2.4
	0.18
	0.31

	P-60
	226
	89.45
	HDPE PN 16
	145
	1.16
	0.18
	0.5

	P-61
	202
	89.45
	HDPE PN 16
	145
	1.16
	0.18
	0.5

	P-34
	228
	175.55
	HDPE PN 10
	145
	4.5
	0.19
	0.23

	P-35
	164
	175.55
	HDPE PN 10
	145
	4.5
	0.19
	0.23

	P-36(1)
	147
	175.55
	HDPE PN 10
	145
	4.5
	0.19
	0.23

	P-51
	226
	113.9
	HDPE PN 16
	145
	1.97
	0.19
	0.41

	P-52
	531
	113.9
	HDPE PN 16
	145
	1.97
	0.19
	0.41

	P-53
	209
	113.9
	HDPE PN 16
	145
	1.97
	0.19
	0.41

	P-86
	313
	113.9
	HDPE PN 16
	145
	1.97
	0.19
	0.41

	P-42
	177
	122.9
	HDPE PN 10
	145
	2.34
	0.2
	0.39

	P-67(1)
	616
	122.9
	HDPE PN 10
	145
	2.34
	0.2
	0.39

	P-139
	255
	146.3
	HDPE PN 16
	145
	3.34
	0.2
	0.32

	P-145
	113
	122.9
	HDPE PN 10
	145
	2.4
	0.2
	0.4

	P-48
	70
	219.6
	HDPE PN 10
	145
	7.67
	0.2
	0.21

	P-49
	126
	219.6
	HDPE PN 10
	145
	7.67
	0.2
	0.21

	P-77
	146
	89.45
	HDPE PN 16
	145
	1.3
	0.21
	0.62

	P-89
	275
	89.45
	HDPE PN 16
	145
	1.3
	0.21
	0.62

	P-90
	267
	89.45
	HDPE PN 16
	145
	1.3
	0.21
	0.62

	P-92
	265
	89.45
	HDPE PN 16
	145
	1.3
	0.21
	0.62

	P-117
	391
	89.45
	HDPE PN 16
	145
	1.3
	0.21
	0.62

	P-142
	45
	89.45
	HDPE PN 16
	145
	1.3
	0.21
	0.62

	P-28
	137
	219.6
	HDPE PN 10
	145
	7.98
	0.21
	0.22

	P-29(1)
	221
	219.6
	HDPE PN 10
	145
	7.98
	0.21
	0.22

	P-98
	154
	219.6
	HDPE PN 10
	145
	8.14
	0.21
	0.23

	P-99
	127
	219.6
	HDPE PN 10
	145
	8.14
	0.21
	0.23

	P-100
	123
	219.6
	HDPE PN 10
	145
	8.14
	0.21
	0.23

	P-112
	145
	109.75
	HDPE PN 10
	145
	2.04
	0.22
	0.52

	P-36(2)
	147
	162.6
	HDPE PN 16
	145
	4.5
	0.22
	0.33

	P-32
	150
	140.45
	HDPE PN 10
	145
	3.49
	0.22
	0.42

	P-33
	234
	140.45
	HDPE PN 10
	145
	3.49
	0.22
	0.42

	P-31(1)
	244
	140.45
	HDPE PN 10
	145
	3.49
	0.22
	0.42

	P-31(2)
	32
	140.45
	HDPE PN 10
	145
	3.49
	0.22
	0.42

	P-30(2)
	30
	140.45
	HDPE PN 10
	145
	3.49
	0.22
	0.42

	P-30(1)(2)
	29
	140.45
	HDPE PN 10
	145
	3.49
	0.22
	0.42

	P-3(1)
	483
	113.9
	HDPE PN 16
	145
	2.32
	0.23
	0.55

	P-140
	119
	113.9
	HDPE PN 16
	145
	2.32
	0.23
	0.55

	P-46
	160
	158
	HDPE PN 10
	145
	4.69
	0.24
	0.41

	P-62
	120
	311.65
	HDPE PN 10
	145
	18.86
	0.25
	0.2

	P-50
	271
	158
	HDPE PN 10
	145
	4.96
	0.25
	0.46

	P-58
	198
	175.55
	HDPE PN 10
	145
	6.24
	0.26
	0.42

	P-59
	226
	175.55
	HDPE PN 10
	145
	6.24
	0.26
	0.42

	P-27(2)(1)(2)
	299
	245.9
	HDPE PN 10
	145
	12.31
	0.26
	0.29

	P-63
	114
	311.65
	HDPE PN 10
	145
	19.88
	0.26
	0.22

	P-27(2)(1)(1)
	38
	245.9
	HDPE PN 10
	145
	12.63
	0.27
	0.3

	P-102(1)
	199
	395.25
	HDPE PN 10
	145
	32.75
	0.27
	0.17

	P-27(2)(2)
	128
	245.9
	HDPE PN 10
	145
	12.94
	0.27
	0.31

	P-47
	218
	175.55
	HDPE PN 10
	145
	6.65
	0.27
	0.47

	P-23
	660
	203.4
	HDPE PN 16
	145
	8.93
	0.27
	0.4

	P-24
	391
	203.4
	HDPE PN 16
	145
	8.93
	0.27
	0.4

	P-38
	72
	158
	HDPE PN 16
	145
	5.59
	0.29
	0.57

	P-133
	33
	158
	HDPE PN 16
	145
	5.59
	0.29
	0.57

	P-25
	52
	219.6
	HDPE PN 10
	145
	11.33
	0.3
	0.42

	P-26
	83
	219.6
	HDPE PN 10
	145
	11.33
	0.3
	0.43

	P-27(1)(2)
	65
	219.6
	HDPE PN 10
	145
	11.33
	0.3
	0.42

	P-127
	30
	219.6
	HDPE PN 10
	145
	11.33
	0.3
	0.43

	P-128
	150
	219.6
	HDPE PN 10
	145
	11.33
	0.3
	0.42

	P-102(2)
	342
	351.35
	HDPE PN 10
	145
	29.7
	0.31
	0.26

	P-103(1)
	675
	189
	HDPE PN 10
	145
	21.44
	0.76
	2.88

	P-103(2)
	55
	152.4
	HDPE PN 10
	145
	21.44
	1.18
	8.19
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