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ABSTRACT 

In this research Tare Town existing water supply, demand, and hydraulic performance of the 

water supply system components were assessed. The main objective is to investigate the system 

problems and supply and demand gap, and predict future water demand to provide clear 

information that lead to remedial solution. Different empirical formulas, Water CAD 

software and Microsoft excel sheet were used as tool to perform existing water supply, water 

distribution system hydraulic performance and water demand analysis. The results of velocity 

and pressure were used as tool to evaluate the hydraulic performance of water distribution 

network by comparing it with standard maximum and minimum velocity and pressure of the 

urban water supply distribution system; and demand and supply gap was used to evaluate water 

shortage prevailing in the town. Water CAD analysis results showed violation of maximum and 

minimum velocity and pressure requirements i.e. velocity in the system ranges from 3.43m/s to 

6.4m/s which is very high beyond maximum and minimum limit and pressure at almost all 

junction is negative which displayed the inefficient hydraulic performance of the existing water 

distribution network. Along with this, the existing water supply and demand gap 7.94l/s or 

685.5m
3
/d illustrated big water shortage in the town. The problems showed by the 

analysis result were very little water supply source, old water supply system components, 

existing water supply system covered only small part of the town, undersized pipes, small 

capacity and low elevated storage facility and improper design of the whole system. 

Moreover the water supply system has no independent administration and operation 

institution. Therefore the new water supply system for the whole town should be designed 

and constructed to satisfy the very high water demand of the town. Hence based on the 

prediction of the future 20 years demand; source of minimum 36.58l/s should be supplied to 

the town. In addition, pressure line for 36.58l/s and distribution pipe network for 

73.16l/s  that covers all the part of the town according to master plan, enough head and 

discharge pumps for 36.58l/s that can make water reach the storage facility and 2,150m
3 

capacity-elevated tank that can supply water to all parts of the town  should be designed 

and constructed for the next 20 years. Furthermore independent institution that 

comprises appropriate administrative and technical professionals has to be established. 

KEY WODS: Water Supply, Demand, Hydraulic Performance, Velocity, Pressure, 

Demand Prediction, Tare Town. 
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CHAPTER 1: INTRODUCTION  

1.1. Background Information 

Water is among the most essential natural requisites for sustenance of living things. 

States without water, life on earth could be impossible. No living thing without this 

precious liquid (Yehuala, 2015). 

According to World Book Encyclopedia, (vol. 21.2001) water helps to keep the earth's 

climate from getting too hot and too cold. Water is important for human beings at home 

and in our modern industries to manufacture different industrial products. Besides, we 

also use water to irrigate dry farm lands and to produce electricity. 

According to Puttaswamaiah (2005), potable water, in adequate quantity and safe 

quality, is a basic requirement for life and a determinant of standard of living. Thus, 

clean potable water is an absolute prerequisite for healthy living. The importance of 

water in human welfare cannot be over-emphasized in the saying “water is life”. The 

normal functioning of the human body depends entirely upon an adequate quantity and 

quality of water. However, if the water is from contaminated sources, it causes numerous 

water-associated diseases (Tesfaye and Zeyede, 2004). 

One in three people in the world do not have access to safe drinking water. While access 

in rural areas is usually significantly lower than in urban areas, the increase in the use of 

improved drinking water sources is barely keeping up with the urban population growth 

(UNICEF and WHO, 2019). 

The actual water supply coverage in towns of developing countries in general and 

African towns in particular is still very low while compared to the demand (WHO, 

2017). This is also true for Ethiopia.  
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According to 2017, official report the average national rural and urban safe potable water 

supply coverage is 68% and 55% respectively, benefitting 51.8 million rural and 10.6 

million urban populations only (FDREOWNP, March 2018). 

1.2. Problem Statement 

One of the major challenges driving water stress in developing nations is rapid 

urbanization (Post, 2002). The world's water requirement for all purposes is increasing at 

an alarming rate in urban areas of both developed and developing countries. The main 

reasons are the rise in urban population growth in practically all countries of the world, 

industrial growth and expansion (adequate water is an essential raw material for an 

industrial enterprise) and increase in overall per capita consumption of water (Yehuala 

Minwuye, 2015). These cause the increase in water demand. The other reasons are 

source yield shortage, capacity limitation of water lifting hydraulic machines 

(equipments), limited coverage and capacity of water supply system components like 

water distribution network, water storage facility capacity limitation and water fetching 

point-limited coverage. The other is the phase out of design period of the water supply 

system that causes inefficient hydraulic performance. 

Likewise, the shortage of water supply in Tare town is critical.  This shortage is common 

for a long time before and continuing in serious manner currently. The indication of this 

problem is 76% of the town population has no access to potable water supply (Tare 

Town Municipality, 2018). The other indications are queue on limited water points and 

going long distance to fetch water from sources out of the town is a common 

phenomenon especially for women and children in current time. This water supply 

shortage in the town drives to study the causes of this problem and give information that 

helps the concerned body to give solution for the problem.  
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1.2.1. General Objective 

 

The general objective is to study the overall water supply system and water demand 

status of Tare Town and supply and demand gap to provide clear information that lead to 

remedial solution. 

1.2.2. Specific Objectives 

 to assess the existing water supply sources and water demand of the town. 

 to assess the hydraulic performance of the water supply system of the town. 

 to predict the water supply and demand of the study area for the next 20 years 

planning horizon (MOWR, 2006).  

1.3. Research Question 

The general and specific objectives of the study would be achieved by way of seeking 

answers to the following questions. The questions are: 

1. What is the type and condition of the existing water supply sources of the town? 

What is the water demand and the gap between water supply and demand? 

2. What is the hydraulic performance of existing water supply system of the town? 

3. What should be the water supply and demand of the town for the next 20 years?  

1.4. Significance of the Study 

The expectation from this study is updated information on the town water supply and 

demand situation and the causes of the existing water supply problems. It will also serve 

as a valuable document to planners and policy makers in the water sector and non-

governmental organizations to solve the problems of the water. Moreover, the finding 

will further serve as reference data and it opens a way for any further investigation in the 

area, and as a useful material for academic purposes. 
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1.5. Scope of the research 

This research is limited to assessment of Tare Town existing water supply, demand and 

hydraulic performance of the existing water supply system to identify the causes of water 

supply problems in the town and prediction of water supply and demand for the next 20 

years. This study does not include the water quality analysis of the study area, impact of 

water shortage and assessment do not include tariff and billing system and financial 

aspect of the water utility.  
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CHAPTER 2: LITERATURE REVIEW 

2.1. General 

This literature review deals with the theoretical overview of potable water supply and 

distribution, assesses the sources of water supply, urban water supply accessibility, urban 

water supply system performance problems and hydraulic performance of urban water 

supply system facilities. Set supply, demand and hydraulic performance standards by 

assessing the Ethiopian government‟s water supply policy, Growth and Transformation 

Plan II and Urban Water Supply Design Criteria.  

2.2. Sources of water supply 

Water for drinking purpose can be found from natural sources like surface water, ground 

water and rainwater that are used for various household purposes, like drinking, food 

preparation, hygiene related purposes, washing cloths and body, as well as for livestock 

drinking.  

According to (Sijbemsa, 1989), and (Kebede, 2004) water sources fall in to three 

categories. These are: (Minwuye, 2015) 

Surface water; It originates from rainwater. Surface water is non-uniformly distributed 

over the earth‟s surface. As the rain reaches the surface of the earth, it becomes surface 

water or runoff. Surface water includes rivers, streams, lakes, ponds, tanks, manmade 

reservoirs and seawater. The quantity and quality of surface water depend upon the 

conditions of the surface or catchment area over which it flows. It is the main source of 

water supply in many areas. Surface water is prone to contamination from animal and 

human sources. As such, it is not safe for human consumption unless subjected to 

sanitary protection and purification before use. 

Rainwater; It refers to rain that collected from surfaces (by roof or ground catchment) 

and stored in a container, ponds, tank or cistern until used. This water is the purest water 
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in nature yet it tends to become impure as it passes through the atmosphere. It picks up 

suspended impurities from the atmosphere such as dust, soot and microorganisms and 

gases such as carbon dioxide, nitrogen and ammonia. In regions where rainfall is 

abundant and frequent, rainwater can be a good source of water supply for individual 

families and for small communities. The storage of rainwater is particularly important in 

areas with a long dry season. 

Ground water; It may be defined as that portion of the total precipitation which has 

percolated downward into the porous space in the soil and rock where it remains, or from 

which it finds its way out to the surface. It is water used by humans comes mainly from 

land such as wells, springs, etc. It tends to be of higher microbiological quality having 

undergone natural soil filtration. However, it is relatively difficult to extract. Compared 

to other water sources more technology and energy is needed to bring water from within 

the earth up to the surface. 

UNICEF and WHO (2017) Joint Monitoring Program (JMP) defined a new term: "basic 

water service". This is defined as the drinking water coming from an improved source, 

and provided the collection time is not more than 30 minutes for a round trip in urban 

areas.  

According to UN-habitat (2006) water service provision options are standpipes, yard and 

house connection. 

Standpipes/public tap; It is a public water point from which people can collect water. 

Many low-income households that are unable to afford a household connection are 

relying on public water points. 

Household connection; It is a water service pipe connected with house plumbing to one 

or more taps (e.g.in the kitchen and bathroom or a tap placed in the yard or plot outside 

the house). 
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2.2.1. Urban water supply accessibility 

According to Minwuye (2015) accessibility can be seen within the context of the ease the 

people can obtain the services of a facility and function. Accessibility increases with 

decreasing constraints both physical and social. 

2.2.2. The main indicators of accessibility 

Time and distance traveled to fetch water are the key indicators of water accessibility. As 

WHO (2004) standards if households travel more than 200 meters far away from house 

in urban areas, there is no access. In relation to time, if the time is within 5 minutes, 5-30 

minutes and more than 30 minutes, there is intermediate access, basic access and no 

access respectively for urban areas. 

Hence, one of the major issues to be assessed by this study is the existing water supply 

source of Tare Town. 

2.3. Water Demand 

Water demand is the quantity of water that the water source must produce in order to 

meet all water needs in the community. Water demand includes water delivered to the 

system to meet the needs of consumers, water supply for firefighting and system 

flushing, and some leakage. The difference between the amount of water sold and the 

amount delivered to the system is unaccounted for water (Nethaji Mariappa, January 

2011). Water demand estimation is one of the basic inputs to select source of water supply 

and to find the amount of water required to fill the gap between supply and demand. 

Water-demand forecasting is the process of making predictions about future water use. 

Water utilities develop forecasts for a range of different time scales, ranging from hours to 

decades, depending on the intended application. Medium-term forecasts, covering from one 

to several years, are used for planning system upgrades and setting water rates (Matthew 

Heberger, Kristina Donnelly, and Heather Cooley, 2016). 
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The type and scale of economic activity in a region is an important determinant of local 

water use. Economic factors may come into play if the overall socio-economic status of a 

region is in transition. For example, a forecaster may also posit that water use will 

increase if the population becomes wealthier and residents purchase or build bigger 

houses with pools and larger landscapes (Matthew Heberger, Kristina Donnelly, Heather 

Cooley, 2016). The residents‟ water demand for other purposes is also increase with 

increase in their financial capacity.  

2.3.1. Classification of Demand  

To forecast the water demand the following demand classification are taken into account:  

 Domestic/Residential 

 Non-Domestic Demand 

 Public Demand 

 Fire-fighting 

 Unaccounted For Water (UFW).  

1. Domestic Demand  

Domestic users: it consists of water furnished to houses, apartments, hotels, and water 

for drinking, bathing, washing, sanitary, and lawn sprinkling purposes. Naturally, the 

domestic consumption in different towns differs from one another. The difference 

depends on climate, standard of living, household size and social aspects. The study has 

also tried to analyze the quantities for every of the domestic uses (TAHAL, 2015). 

According to the Water Management Policy of  Federal Government of Ethiopia, the 

core strategic directions of GTP-2 (National Plann Commision, 2008 E.C.) are: Upgrade 

the per capita consumption for all purposes to the level of middle income countries by 

2020 and  Provide urban  water supply access a minimum service level of  100 l/c/day 

for category-1 towns/cities (towns/cities with a population more than 1 million), 80 



  Page 9 

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) of the urban 

population. 

2. Non-domestic Demand  

a. Institutional and Commercial Demand  

This refers to the water demand of facilities such as schools, hospitals, hotels, etc. and 

small commercial enterprises, and public demand where appropriate. The review was 

assessed the extent and development of the institutional and commercial base in the town 

and vary the likely daily demand. The following daily demands and consumptions are 

applied in this category (MoWR UWSDC, 2006): 

Table 2. 1: Institutional and commercial water consumption standards 

Description Water Consumption 

Restaurants 10 l/seat 

Boarding school 60 l/pupil 

Day schools 5 l/pupil 

Public offices 5 l/employee 

Workshop/shops 5 l/employee 

Mosques and Church 5 1/worshipper 

Cinema house 4 l/seat 

Abattoir 150 l/cow 

Hospitals 50 - 75 l/bed 

Hotels 25 -50 l/bed 

Public Bath 30 l/visitor 
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Railway and Bus station 5 l/user 

Military Camps 60 l/person 

Public latrines (with water facility connection) 20 l/seat    

 

Normally, the demand for such facilities is calculated according to their number or built 

areas assumed and/or projected in the town. In any case, a minimum of 30% of the average 

daily domestic demand will be considered as being a widely accepted figure (TAHAL, 

2015).  

b. Industrial Demand  

Small-scale industrial enterprises will not be categorized separately but should be included in 

the allowance for institutional and commercial demand. However, water demand for larger 

industries will be considered separately as point supplies from the system. The actual 

demand shall be quantified for each individual case (MoWR UWSDC, 2006).  

Medium to small industrial demand – factories and all kinds of small manufacturers using 

less than 50m3/day ,the great majority taking their from the public supply (Saleamlak 

Muluken, 2015).  

 

c. Domestic Animal Demand  

The principal use of the public supply is for the watering of animals via cattle troughs, 

for cleaning down premises, and for milk bottling (Twort et al, 2000).  

The demand for livestock watering from the public water supply system shall be assessed 

for each town individually during data collection. When animal watering is to be allowed 

for, the following specific demands will be adopted (MoWR UWSDC, 2006):  
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Table 2. 2: Animal water consumption standards 

Animal Type  Water Consumption 

Cattle, donkeys, horses, etc 50 l/head/day 

Goats/sheep 10 l/head/day 

Camel 150 l/head/month 

    

3. Public Demand  

Public demand relates to water required for other purposes than residential, industrial, 

commercial and institutional. In statistics in this category is being considered the water used 

at the head works (sanitary facilities, backwashing, flushing distribution systems, etc). Are 

also included in this category the public gardens and parks, washing the streets, firefighting, 

etc. This quantity is small in comparison with the residential. The public demand is therefore 

taken into account, as a percentage of the residential 30% appears to be in the right range 

(Alan C. Twort, Don D.Ratnayaka and Malcolm J.Brandt, 2000)  

4. Unaccounted For Water Demand (UFW)  

Ideally, if individual meter readings are taken for every customer, they should exactly 

equal the amount of water that is measured leaving the treatment facility. In practice, 

however, this is not the case. Although inflow does indeed equal outflow, not all of the 

outflows are metered. These “lost” flows are referred to as Unaccounted For Water 

(UFW).  

There are many possible reasons why the sum of all metered customer usage may be less 

than the total amount of water produced by the utility. The most common reasons for 

discrepancies are leakage, errors in measurement, and unmetered usage. Ideally, 

customer demands and unaccounted-for water should be estimated separately. In this 

way, a utility can analyze the benefits of reducing unaccounted-for water.  

Thus, it is described as the difference of total amount of water production and authorized 

consumption figure.  
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UFW or Non-Revenue Water (NRW) = System Input Volume − Billed Authorized Consumption--------- (2.1). 

Unaccounted-for-water also expressed as a percentage and, has generally evaluated as 

the amount of water produced minus the metered customer use divided by the amount of 

water produced and multiplied by 100 (EPA, 2010).  

--------------- (2.2) 

Unaccounted-for water must be loaded into the model just like any other demand. 

However, the fact that it is unaccounted-for means that the user does not know where to 

place it. Usually, the user simply calculates total unaccounted-for water and divides that 

quantity equally among all nodes. If the modeler knows that one portion of a system has 

a greater likelihood of leakage because of age, then more unaccounted-for water can be 

placed within that section.  

Leakage: Leakage is frequently the largest component of UFW and includes distribution 

losses from supply pipes, distribution and trunk mains, services up to the meter, and 

tanks. The amount of leakage varies from system to system, but there is a general 

correlation between the age of a system and the amount of UFW. New systems may have 

as little as 40 percent leakage, while older systems may have 20 percent leakage or lesser 

(MoWR, 2006).  

Other factors affecting leakage include system pressure (the higher the pressure, the 

more leakage), burst frequencies of mains and service pipes, and leakage detection and 

control policies. These factors make leakage very difficult to estimate, even without the 

complexity of approximating other UFW causes. If better information is not available, 

UFW is usually assigned uniformly around the system (Walski, 2003).  

5. Fire Fighting Water Demand  

The amount of water used for firefighting is termed as fire demand. Although, the amount 

of water used in firefighting is a negligible part of the combine uses of water but the rate of 
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flow and the volume required may be so high during fire that it is a deciding factor for 

pumps, reservoirs and distribution mains.  

Standards in the world relate to number of simultaneously fire incidence, duration, flow, 

insurance conditions, kind of construction, density of buildings, occupancy, size of 

buildings, etc. The needed fire flow (NFF) is to be determined by the local fire officials. 

These have the experience and knowledge of the local construction materials, densities, 

probability based on statistics, etc. (TAHAL, 2015). 

Water demand for firefighting purposes shall be assessed on a town-by-town basis, 

depending on the existence of equipment and the capacity of any firefighting service. Fire 

hydrants shall be installed at public and municipality interest such as schools, shops, 

hospitals, fuel stations and at salient points of distribution network. This demand is taken off 

by increasing the volume of the storage tanks by 10 % (MoWR UWSDC, 2006). 

2.3.2. Frequently Used Demand Events 

The following are some examples of demand events frequently considered:  

Average-day demand: The average rate of demand for an average day (past, present, or 

future) (TAHAL, 2015). The sum of the design demand of domestic, commercial, 

institutional, industrial, public and unaccounted for water (losses).  

Maximum-day demand: The average rate of use on the maximum usage day (past, 

present, or future). It is the highest demand of any one 24-hour period over any specified 

year.  

Peak-hour demand: The average rate of usage during the maximum hour of usage 

(past, present, or future). The highest demand of any one hour over a day.  

Maximum day of record: The highest average rate of demand for the historical record 

(Walski, 2003).  
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2.4. Water Supply System Hydraulic Performance 

The hydraulic performance is defined by water flow and pressure in the water 

distribution system (Denis Nono, 2018). Hydraulic performance parameters or the 

objectives of any water supply system are:  

a. to supply safe and wholesome water to the users, whether these constitute 

a family, a group of families, or a community;  

b. to supply water in adequate quantity; and  

c. to make water readily available to the users, in order to encourage 

personal, household hygiene and other purposes.  

2.4.1. Water Supply problems in Small Towns water supply systems: 

The biggest problem with the small towns‟ water supply is inadequacy of funds to 

maintain and upgrade their water infrastructure. Due to this, most of the small towns‟ 

water supplies have difficulty funding construction of new facilities and maintenance of 

staff. Many times these communities lack the technical resources that can guide them to 

optimize and sustainably operate their water distribution systems. One other major 

problem area is that these small communities do not have sufficient data and records for 

the proper maintenance and operation of their distribution systems. Lack of technical 

expertise causes failures, many of these towns can only fix problems, and they continue 

to expand the existing systems without considering the reliability of the existing design. 

Thus, there is a need to evaluate the hydraulic performance of distribution system of 

these towns to address the current and future issues related to their water distribution 

systems (Neha Mangesha, 2009). 

2.4.2. Need for Hydraulic Modeling 

Most small towns do not have very complex networks as compared to big cities; 

however, they have poor data and records regarding their systems. In such cases, when 
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one has to evaluate the hydraulic performance of the distribution systems, it is 

advantageous to use computer models. Computer models making use of hydraulic 

simulation software are capable of representing the behavior of a real time system and 

have the capability of evaluating the performance of the same system „what if‟ scenarios 

(Haestad Methods, 2003). Some small town water localities that have the capability of 

maintaining and updating real time models, have used hydraulic simulation models in 

conjunction with geographic information systems, allowing them to perform criticality 

studies with greater precision (Zhang, ESRI Users Conference, 2009). This can be cost 

effective, as it will provide decision support in operation and maintenance of their 

systems. 

2.4.3. Basic Principles of Hydraulic Modeling: 

In hydraulic simulation modeling, a distribution network is considered to be one in 

which all elements are connected to each other, every element is influenced by its 

neighbors, and each element is consistent with the condition of all other elements. Two 

laws mainly control these conditions: Law of Conservation of Mass and Law of 

Conservation of Energy. “Thus the total mass of water entering the system should be 

equal to the total mass of water leaving the system, and the sum of the flows at any given 

node should be equal to zero. The principle of conservation of energy is mainly dictated 

by the Bernoulli‟s equation, which states that the difference in the energy between any 

two points should be the same regardless of the path taken” (Haestad Methods, 2003).  

1. Law of Conservation of Mass  

The principle of conservation of mass dictates that the fluid mass entering any pipe will 

be equal to the mass leaving the pipe (since fluid is typically neither created nor 

destroyed in hydraulic systems). In network modeling, all outflows are lumped at the 

nodes or junctions.‟ (Tomas, et al., 2003)  
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     L= Length 

             T= Time 

L
3
/T= Length Cube per Time 

During extended-period simulations; a term to the accumulation of water at certain nodes 

are considered, because water can be stored and withdrawn from storage tanks (Tomas, 

et al., 2003).  

Therefore, the concept to conservation of mass is applied to all junction nodes and tanks 

in a water distribution networks. 

2. Law of Conservation of Energy  

According to Bernoulli‟s equation, the principle of conservation of energy dictates that the 

difference in energy between two points must be the same regardless of the path that is 

taken (Tomas, et al., 2003). Within a hydraulic analysis, the equation is written in terms as 

follows:  
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 Where: 

 Z=Elevation (L) 

 P=Pressure (M/L/T
2
) 

 V=Velocity (L/T) 

 g=gravitational acceleration constant (L/T
2
) 

 hp=head added at pump (L) 

 hl=head loss in pipes (L) 

 hm=head loss due to minor losses (L) 

γ=Fluid specific weight (M/L/T
2
) 

L= Length 

 T= Time 

Therefore, in water distribution modeling the difference in energy at any two points 

connected in a network is equal to the energy gains from pumps and energy losses in 

pipes and fittings that occur in the path between them (Tomas, et al., 2003). 

A typical network in hydraulic model consists of the following components:  

 Nodes linking the pipes 
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 Pipes 

 Storage tanks 

 Reservoirs 

 Pumps 

 Additional appurtenances like valves (Haestad Methods, 2003 ; Rossman, 2000) 

The junctions or nodes represent points having particular base demands. Tanks are those 

points in model, which can have a specific storage capacity that varies with time. 

Reservoirs in a hydraulic model are assumed an infinite source of water (Haestad 

Methods, 2003; Rossman, 2000). Pumps are energy devices that provide pressure and 

head to the water. The graph of head vs. flow for a particular pump is called the „pump 

curve‟. Figure 2.1 shows a typical pump curve. Generally, three parameters define the 

pump operation; the shut off head, the design point, and the maximum point. The system 

curve is an important curve necessary to decide the best operating point of pump. The 

pump should be able to overcome the elevations differences, which is dependent on the 

topography of the system. The head added on the pump to overcome these differences is 

called the static head. Friction and minor losses also affect the discharge through the 

pump. “When these losses are added to the static head for different discharge rates, the 

plot obtained is called system head curve” (Haestad Methods, 2003). The operating point 

is considered to that where the system curve intersects the pump curve as shown in 

Figure 2.2. The other important curve related to the pumps is the pump efficiency curve 

as shown in Figure 2.3. The point at which the peak efficiency occurs is the best 

operating point. 
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Figure 2. 1: Pump Curve (Source: Haestad Methods 2003) 

 

 
          

Figure 2. 2: System Curve Vs the Pump curve (Source: Haestad Methods 2003) 
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Figure 2. 3: Pump efficiency curve (Source: Haestad Methods 2003) 

2.4.4. Modeling a system using Water CAD 

Water CAD is hydraulic simulation software, distributed by Bentley Systems. Therefore, 

working with Water CAD used as decision-support tool for water infrastructures and 

were help to assess  and/or operate (Water CAD: USER MANUAL,2013) the hydraulic 

analysis at a steady-state or an extended-period simulation, pressure, flow and demands 

in the system and to see how behaves over time, the size of pipes, pump and computer 

system head curves, tank, pump and valve behavior in the system, leakage and water loss 

from the network. Calibrate the model either manually or use the Darwin Calibrator 

methods and, generate fully customizable in graphs, charts and reports form.  

Input data for assembling the model  

In practice, pipe networks consist not only of pipes, but composed of vary fittings, 

services, storage tanks and reservoirs, meters, regulating valves, pumps, and electronic 
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and mechanical controls. For modeling purposes, these system elements were organized 

into the categories (Water CAD: USER MANUAL, 2013).  

After all the parameters required to run the simulation are entered into the model, the 

successful simulation run provides results of the following: 

 Pressure at every single element in the system 

 Flows at every point of time in the system 

 Velocities in the pipes 

 Levels in the tanks 

 Pump cycles and many others (Haestad Methods, 2003) 
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CHAPTER 3: MATERIALS AND METHODS 

3.1. Description of the Study Area 

3.1.1. Location 

Tare Town is found in Oromia National Regional state along Addis Ababa-Butajira 

asphalt road at about 75km away from Addis Ababa as shown in Figure 3.1. The town is 

located between geographical coordinates of 38
o
37‟2.93”E to 38

o
38‟19.03”E longitude 

and 8
o
31‟18.90”N to 8

o
32‟25.46”N latitudes. 

 

Figure 3. 1: Location map of Tare town  

 

The main access to the study area is along the asphalt road that runs from Addis Ababa 

to Butajira passes through the town. The access to the rest parts of the town are all 

weather and dry weather roads that comes from different directions. 

3.1.2. Population 

Population has a paramount importance since it is the most important variable in all types of 

development planning. 

a 

b 

c 

d 
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According to data obtained from Tare Town Administration Office the 2016, counted total 

population of the town is indicated to be 9,596 out of which Male 4,542 and Female 5,054. 

Therefore, population projection was made to 2019 based on the Central Statistical 

Authority (CSA Analytical Report 1998) medium variant growth rate. Hence, the current 

total population of the town is 10,894. The current total household of this town is 2,179 and 

average family size found from the town administration office is 5 persons per household.  

3.1.3. Climatic Condition 

Regarding the climatic conditions, the mean annual temperature of Tare Town is grouped 

under the following groups i.e. the town has altitude in the range of 1500-2300m and 

average temperature in the range of 16.5-19.10
o
C. as shown in figure 3.2 and table 3.1. 

respectively. 

 

 
 

Figure 3. 2: Contour Map of Tare Town 
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Table 3. 1: Monthly mean temperature variation of Tare Area 
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Average [
0
c] 16.9 17.95 18.95 19 19.1 17.8 17 16.7 17 17.35 16.8 16.5 

Minimum [
0
c] 8.4 9.9 11.2 11.7 11.6 11 11.6 11.3 10.7 9.8 8.6 7.9 

Maximum [
0
c] 25.4 26 26.7 26.3 26.6 24.6 22.4 22.1 23.3 24.9 25 25.1 

        Source: Climatic data.org, 2019 
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3.1.4. Water Supply System 

According to the information from Soddo Dachie Woreda Water and Energy Resources 

development office, Tare Town water supply system is constructed in 1992E.C. The 

water supply system composed of one borehole as water supply source and submersible 

pump powered by national grid is fixed to the borehole. The borehole is 91m deep and its 

yiel is 3l/s. The pressure line pipe between borehole and reservoir is 810m. The 

distribution network is about 4km. It consists of 5 public water points and 429 customer 

connection. The storage facility is one75m
3
 masonry sandwich circular reservoir.  

 

Figure 3. 3: Tare Town Water Supply System Layout. 
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3.2. Data Collection 

Both primary and secondary data were collected using different methods and materials to 

analyze the existing water supply system components and demand situation of the town.  

3.3. Data Analysis 

Data collected through different materials and methods were analyzed and interpreted 

using different empirical formulas, Water CAD software and Microsoft excel data sheet 

to reach the required results.  

3.4. Water Supply and Demand Assessment 

3.4.1. Existing Water Supply 

3.4.1.1. Households Survey on Water Supply 

Introduction and Coverage of the survey 

A random household‟s survey has been undertaken to supplement information and data 

collected from the town and woreda offices for the water consumption study.  

Random covers of 217 households 10% of the total households from the 7 development 

zones in the town were assessed randomly. The houses have been picked at sufficient 

interval to ensure wide coverage and representativeness. To maintain the representativeness 

of the study, every I
th

 person or household were picked. 

 --------------------------------------------------------------------------------------- (3.1)  

Where: „N‟ is the total number HHs of the town and „n‟ is the number of sample 

households of the development zones. The survey coverage for Tare Town is as shown in 

table 3.2. 
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Table 3. 2: Number of Respondents Covered by Survey 

Number Type of Respondent 
No of Respondents 

Covered 
% Shares 

1 Households 217 96% 

2 Commercial  establishments 3 1.3% 

 
Hotels (Groceries) 2 

 

 
Grain mill 1 

 
3 Institutions 6 2.7% 

 
Sector Offices 2 

 

 
Schools 3 

 

 
Health Facilities 1 

 

 
Grand Total 226 100% 

 

At the same time, separate questionnaires were administered on institutions during data 

collection from various government offices and institutions that constitute part of   the town 

water demand. Offices and institutions interviewed include the Police Office, the three 

schools in the town (primary, secondary and preparatory), the Health Center, two hotels, a 

grain mill and the Water and Energy Resources Development Office. 

Structured questionnaires were used to collect the information from all categories of 

respondents. Households accounted for 96% respondents, government establishments 

mainly schools, health center and sector offices 2.7% followed by 1.3% for commercial 

establishments. 

Findings of the Survey 

The survey focused on collecting data on access to water sources and the availability of 

water. Highlights of the results of the household survey are analyzed below: 

i. Access to Sources of Water 

Households were asked what their source of water is from a list of likely sources that 

included springs out of the town, public taps, pipe connections and vendors. A total of 217 

respondents representing 100% of the 217 respondents to whom the questionnaires were 

administered reported their access to the different sources of drinking water.  Their 
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responses are shown in table 3.3. 

Table 3. 3: Access and priority to different sources of water 

Description 

Access Priority Source 

No % No % 

No of Respondents 217 
   

Average Household Family Size 5 
   

Sources of water 
    

Public Taps 153 70.5% 48 22% 

Pipe Connections 36 16.6% 169 78% 

Springs out of the town 24 11.1% 0 0% 

Vendors 4 1.8% 0 0% 

Others 0 0% 0 0% 

  217 100% 217 100% 

For surveyed respondents public taps ranks the highest source that is currently accessed 

with 70.5% followed by pipe connections 16.6%, 11.1% for springs out of the town and 

1.8% for venders. Their preferred priority if water is available is pipe connections with 

78%. Public taps rank 22% in priority. 

ii. Availability and Consumption of Water 

A determining factor in water use is its availability. During the survey, it was seen that 

consumption was low for households because of constraints on the availability of water. 

Household response on availability is shown in table 3.4: 

Table 3. 4: Number of days with water and hours of availability 

No of days with water per week 
Number of 

Respondents 
Percentage 

2 days 78 36% 

3 days 100 46% 

4 days 21 9.7% 

5 days 12 5.5% 

6 days 4 1.8% 

7 days 2 1% 
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Total 217 100% 

No of hours a day water is supplied 
  

<3Hours 28 12.9% 

<6Hours 181 83.4% 

<9Hours 8 3.7% 

24 Hours 0 0% 

Total 217 100% 

Season of water shortage 
  

Bega 217 100% 

As can be seen from the table, 46% of respondents reported obtaining water for only 3 days 

in a week and 36% for 2 days. In total 82% obtaining water for less than 3 days in a week.  

Then, 96.1% of reporting respondents obtained the water for less than 6 hours of the day 

when it is available. A significant 12.9% obtained water for less than 3 hours. 

The results show the critical shortage of water in the town. All respondents reported that the 

shortage is severe in the dry (Bega) season.  

When available, the amount of water they obtained is also small. Their response to the 

question of how much water they collect each day is as shown in table 3.5 below: 

Table 3. 5: Amount of water collected each day 

Water collected each day No Percentage 

20 Liters 23 10.6% 

40 Liters 73 33.6% 

60 Liters 55 25.3% 

80 Liters 34 15.7% 

100 Liters 19 8.8% 

120 Liters 13 6% 

Total 217 100% 

 

Proportion that collected 100liters and less is 94% while only 6% reported collecting 

120liters each day. This is clearly very low. Here the report shows that the average per 

capita consumption is 12 liters per day while the standard planned (GTP2) minimum per 

capita consumption for small towns is 40 liter per day. 

A significant proportion of households also reported that they are own and supplying water 
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to livestock. As can be seen from table 3.6 households reported owning different kinds of 

livestock that they supplied with water. 

Table 3. 6: Households‟ supplying water to Livestock and Types 

People own and supplying water to 

livestock 

No Percentage 

Yes 186 85.7% 

No 31 14.3% 

Total 217 100% 

The majority of responding households, 85.7% of them, reported supplying water to 

livestock.  

iii. Government and Public Institutions 

With respect to government and public institutions, the survey focused on collecting data on 

the adequacy of water supply and access to water sources. These comprise water users such 

as schools, health center, and governmental institutions and sector offices. 

Highlights of the results of the survey are summarized in table 3.7:  

Table 3. 7: Institutions‟ responses on Water Supply adequacy 

Respondents,  Institutions 
                           Responses 

Adequacy of water Existing Water source 

Soddo Dachie WME office No Municipal water 

Tare primary school No Connected 

Tare Secondary School No Connected 

Tare Preparatory School No Connected 

Tare  health center No Connected 

Soddo Dachie police office No Not connected 

Public institutions are supplied water from the town water service although most of 

government offices are not connected at the current time. All reporting public institutions 

said the water supplied from the water service is inadequate. 

iv. Commercial Establishments 

For commercial establishments, the focus of the survey has been on collecting data on the 

adequacy of the water services from the town and amount they obtained.  
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These commercial facilities such as hotels and grain mill put demand on the water service. 

The two hotels and grain mill under consideration are connected. However, most of the 

small commercial sectors in the town are not connected to the town water supply system. 

There is also no any recorded data regarding their water consumption. Only one-grain mill 

and two hotels were approached. They, however, indicate the general situation in the town 

with respect to water services to the town‟s commercial, economic and industrial activities. 

Highlights of the results of the survey are summarized in table 3.8. 

Table 3. 8: Commercial Establishments‟ responses on Water Supply 

Respondents 

Responses 

Get water from town water 

supply 

Amount of water obtained from 

water service 

Tare (Grain mill) Yes 10-20% of need 

Tare(Hotel 01) Yes 5-20% of need 

Tare(Hotel 02) Yes 5-20% of need 

 

Commercial establishments are also supplied with water from the  water  service,  although  

some  have  resort  to  springs  and  water  vendors  because  of  shortages  from the town 

water service sources. 

All reporting commercial institutions said the water supplied from the water service is 

inadequate. It barely covered less than 20% of their requirements.  

3.4.1.2. Existing Water Supply System Assessment  

The data collected to assess the existing water supply of Tare Town are water source 

location and type, Water source yield (Q) and other source characteristics, electro 

mechanical equipment and their characteristics, pressure lines location and dimensions, 

storage facility location, dimension and capacity, distribution network location and 

dimensions and water delivery points location and type data. 
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The material and methods used to collect these data are GPS to collect location and 

elevation data, dimension measurement instruments, observation and reviewing reports. 

i. Existing Water Supply Source 

Water source is the critical part of any water supply system that needs to be the quantity 

and quality to satisfy the water demand of the community under consideration.  

Water for human consumption and other utilization can be obtained from one or more of 

the following sources: springs, wells and boreholes, rainwater, surface water – rivers and 

dams, and a combination of the above. 

The existing water supply source of Tare Town water supply system is from 

groundwater (deep well) that has depth of 91m and safe yield of the borehole is about 3 

liter per second.  For these and other data, see table 3.9. 

Table 3. 9: Bore Hole (Water Source) Data 

Source Type 

Location (UTM 37P) (m) 

Physical 

Elevation (m) Depth (m) 

Yield 

(L/s) 

X Y Z 

One Borehole 459476 942668 2155 91 3 

Source: Location and Elevation Taken by GPS 2019, and Depth and yield from pump 

test Report by OSWSZWEDO 2018.    

 

Figure 3. 4: Existing Bore Hole of Tare Town 
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ii. Electro Mechanical Component 

Available borehole is fitted with riser pipes, check valve and submersible pumps which gets 

power from 24hr National Gird line through switchboard. As observed during site visit there 

is no standby diesel generator fixed to the borehole for power supply in the case of power 

interruption. 

The submersible pump head is 148.6m, discharge 3l/s, Power 7.3wtt, position in elevation 

2080m and operation per day is 20hr. The dynamic water level in elevation is 2105m. For 

these and other data see table 3.10. 

Table 3. 10: Pump Data 

Pump Type 

Location (UTM 

37P) (m) 

Pump 

position 

Elevation 

(m) 

DWL 

(m) 

Head 

(m) 

Power 

(watt) 

Flow 

(Design) 

(L/s) 

Pump 

Operation 

Time Per 

Day (hr.) 

X Y 

Submersible 

Pump 
459476 942668 2080 2105 148.6 7.3 3 20 

Source: Location and Elevation Taken by GPS 2019, and Pump Head, Pump Position, DWL and 

Flow from Pump Test and Operation and Maintenance Report by OSWSZWEDO 2010E.C. 

iii. Pressure Line and distribution network 

Pressure Line 

The Transmission main lines include pipe lines that deliver raw water from the existing 

borehole sources to service reservoir. The transmission main from existing borehole consists 

of DN 50mm Galvanized Steel (GS) pipes with a total length of about 810m long. As 

observed during site visit transmission main were laid across residential houses so become 

difficult for maintenance and operation. In addition, there are direct connections of 

customers from pressure line so that enough water cannot be reaching the reservoir.  
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Distribution Network  

The distribution system is looped system with a diameter ranging from 25mm – 65mm with 

estimated length of about 4km.  

As observed during site visit, distribution pipelines in the town do not cover majority parts 

of the settlements including the expanding parts towards its periphery. In addition, the 

existing system which was implemented twenty years ago has undergone some modification 

and the system is serving some consumers by direct pumping. Majority of the existing 

distribution pipes are not laid as per the master plan of the town (it laid across residential 

houses) and most are smaller. Therefore, it is not appropriate for water delivery. The XYZ 

coordinate of the whole water supply system and system components collected by GPS is 

indicated under Annex-1. 

 

Figure 3. 5: The whole coverage of the existing water supply system 
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iv. Storage Facility (Tank) 

There is one service tank  available in the town. It is a masonry sandwich circular tank and 

has capacity of 75m
3
 which is located at UTM coordinate of 37 P 458697mE and 942781mN 

and at ground elevation of 2204m.a.s.l.  

Table 3. 11: Tank Data 

Location UTM 

37P (m) 
Operating Range (Elevation) (m) 

Reservoir 

Diameter 

(mm) 

Height 

(m) 
Capacity 

X Y Base Minimum Initial Maximum 

458695 942783 2204 2204.5 2207.5 2208 5.22 3.5 75m
3
 

 

As observed during data collection and taken information from the water committee the 

water is partly pumped to the distribution lines and the tank usually gets empty. This has 

caused discontinuity of water service in up lying areas of the town even when there is water 

in the tank. Also, due to expansion of settlements at higher locations than the existing tank 

site, residents in such areas do not get water from the tank.  

 

Figure 3. 6: Tare Town Water Supply Existing Tank 
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v. Water Delivery Points  

According to the information from the water committee of Tare Town, water is currently 

supplied to the town consumers through a total of 429 private connections. 

The remaining population of the town  is getting  water  either  through  purchase  from 

vender or use of the  5  functional  public  fountains, surrounding improved taps of 

Muchuchata Peasant Association (around 4km far away from the town) and springs far 

away from the town.  Purchase  from  venders  or  use  of public fountains or springs far 

away from the town are not only bounded to the population without private connection but 

also with those having private connection when water from  their compound gets off as the 

town faces sever water supply problem.  

Concerning water production and consumption there is no recorded data. Therefore, 

there is no information about this issue from recorded source. There are 548 pending 

applications for new connection without any response because of serious shortage of 

water. 

3.4.1.3. Institutional Setup 

As observed during data collection water committee is administering the town water 

supply service and they do not give due attention to the issues and management of the 

water supply service rather they are focusing on their individual life activities.  

 

3.4.1.4. Current Water Supply Analysis 

The existing water supply data gathered through different method was organized, 

analyzed and interpreted to meet the objectives of the study. For data analysis the 

combination of dependent and independent variables are used. The existing water supply 

is calculated using the following equation.  
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---------------------------------------------------------------------------------------------------------- (3.2) 

Where:  V current daily water supply (m
3
) the dependent variable. 

Q is the yield of the source (l/s) constant. 

  T is Pump operation time (hr.)/day independent variable. 

Therefore the existing water supply of Tare Town is: 

V=[(Q*T/day*3600s)/1000L]m
3
=[(3L/s*20hr/day*3600s)/1000L]m

3
=216m

3
/day. 

3.4.2. Current Demand Estimation 

The basic water demands in urban areas are water requirements for a combination of 

domestic, commercial, industrial, and firefighting purposes. This demand of water 

increases due to the population growth rate and migration to urban areas from rural, the 

increase in per capita consumption, livestock consumption, increase in industry, 

commercial, public and government institutions increase in urban areas from time to time 

with water consumption.  

So the data collected to estimate these demands are number of population with standard 

growth rate, number of livestock, number of commercial and other institutions, standards 

of the per capita and other water consumptions, actual per capita and other water 

consumptions and unaccounted for water.  

These data were obtained from the town municipality, Central statistical agency 

analytical report, design criteria of MoWIE, GTP2 and other report and related 

documents review. As primary data, some of these data were obtained by conducting 

observation, taking location and elevation by GPS taking measurements and conducting 

HH survey. 

These data were analyzed using Microsoft Excels software. Empirical formulas and 

opinion inference were also used to analyze the data. 
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 The main milestone for a realistic and viable study is a well-conceived assessment of 

population and economic growth supported by land use plans that is the town master 

plan, and as far as possible, an accurate estimation of water consumption and demand 

pattern. Reliable estimate of demands can only be determined based on available and 

agreed demographic and economic projections. The legal and authorized data source for 

the base population and determination of growth rate in the country is the Central 

Statistical Authority. Therefore, the 1998 CSA Analytical Report on population growth 

rates and town administration population count was adopted for the estimation of 

population. 

CSA has made population projection rate for both rural and urban, in three variants, high, 

medium and low for each regional state in the country. The population projection was 

done using the medium variant urban growth rates for Oromia Region in the 1998 CSA 

Analytical Report.  Table 3.12 indicates these rates starting from year 2015 up to year 

2040. 

Table 3. 12: Medium Variant Growth Rate for Oromia Region 
 

Variant 2015-20 2020-25 2025-30 2030-35 2035-40 

Urban 4.32 4.08 3.84 3.68 3.49 

      Source: CSA 1998 Analytical Report 

The exponential growth rate model was used in projection of the population as the trend 

of population growth in Ethiopia that is in a manner of geometrical progression. The 

formula was used for the projection of Tare Town population using the previous 

population of the town administration as a base is presented as follows:  

Pt = Po (1+r)
 n

 ------------------------------------------------------- (3.3) 

Where:  Pt is projected population at time t 

  Po  is initial population at time 0 

r is annual growth rate  

t number of years 
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Applying the above growth rates in the exponential model, the 9596 number of 

population as counted by the town administration in 2016 was projected to the current 

year (2019). 

 The Demand was also projected accordingly using the projected population with other 

factors of demand by Microsoft excel sheet analysis method.  

3.4.2.1. Population projection 

Applying the growth rates indicated in table 3.12 in the exponential model (equation 

3.3), the population of Tare Town is projected up to year 2019 the research year and is 

presented in table 3.13.  

Table 3. 13: Projected population of Tare town up to year 2019 

Year 2016 2017 2018 2019 

Medium Variant Population 

Growth Rate (%) 
4.32 4.32 4.32 4.32 

Nth Year 0 1 2 3 

Projected Population 

(Number) 
9,596 10,011 10,443 10,894 

 

 

3.4.2.2. Town category 

The National Water Supply Master Plan has categorized the cities and towns in Ethiopia 

by their size according to the number of the population. According to this study, this 

category structure is used to estimate the service levels at the town. However, as it is 

stated in the design criteria of this report related to the determination of the service 

levels, the researcher has to estimate the service levels based on the GTP2 and the urban 

water supply design criteria of MoWR and existing situation. 

Table 3. 14: Tare Town Category 

Town Region Category 

Population 

Current Population Number 

From To 

Tare Oromia 5 0 20,000 10,894 
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As per the GTP-2 water supply service level standard, it is required to provide safe water 

in minimum 40 l/c/day for category-5 towns/cities (towns/cities with a population less 

than 20,000) within a distance of 250m (National Planning Commission, 2016, Addis 

Ababa).   

Accordingly the town category has been used to determine present and future service 

levels (connection profiles), as well as present and future per capita water demand for 

each of the connection types. 

3.4.2.3. Domestic Water Demand 

i. Service Level and Connection Profile 

The water demand forecast is determined by two parameters: the per-capita water 

consumption and the connection profile.  

The per capital water consumption of the town was calculated using the annual water 

consumption recorded data and projected total population figure using equation 3.4. 

 

In Tare Town since currently there is no sufficient water supply the formula stated under 

equation 3.4 is not practical to calculate per capita water consumption.  

When considering a certain desired service level as starting point, the resulting water 

demand is calculated by multiplying the per capita water demand with the population 

number. The subsequent water production capacity is the sum of the water consumed and 

the water losses during production and transportation / distribution i.e., the unaccounted 

for water (UFW). It is calculated by the formula stated under equation 2.1. 

UFW is a component of the water demand, which usually is difficult to establish unless 

certain facilities are in place and it has been monitored constantly.  
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Based on the above points, the current situations of the service levels, the current income 

level, and the National Water Supply Master Plan Study, and the current condition of 

water demand growth in the country which is directly related to its economic growth, the 

required service levels and percentages of non-domestic water demand and the UFW are 

set to be as shown in Annex-2.  

ii. Mode of Services 

According to the data obtained from Soddo Dachie Woreda water and energy resources 

development Office, there are two types of Mode of services practiced before in the 

town, which are mentioned as follows. 

These are Yard Connections (YC) own and Public Fountains (PF). 

The researcher has made adjustment of these modes of services in determination of water 

demand of the town and proposed three namely House Connections (HC), Yard 

Connections (YC) and Public tap (PF) i.e. connection profiles which are common in 

most of the town within the region and the country. 

The current mode of services  classified  as  per  the  data  obtained  from  the  Woreda 

water and energy resources development Office centered on the percentage of current  

total  mode of service  coverage are as indicated in table 3.15. Accordingly, based on the 

results of the household survey carried out, the existing connection profile of Tare Town 

is House Connection with 1.3%, Yard Connection Owned with 18.5% and Public Tap 

with 80.2%. Nevertheless, the water supply is seriously deficient in all service types. 
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Table 3. 15: Percentage mode of services based on current modes of services and 

population served 

Current (2019) 

Projected 

Population 

Total 

Households 

Number of 

Private 

House Yard 

connection 

(HYC) 

Number of 

Private 

Yard 

connection 

(PYC) 

Number of 

Households 

using Public 

Tap and Other 

Sources (PT) 

Percentage 

of Private 

House Yard 

Connection 

(HYC) 

Percentage of 

Private Yard 

Connection 

(PYC) 

Percentage of 

Households 

using Public 

Tap and Other 

sources (PT) 

10,894 2,179 28 403 1,748 1.3 18.53 80.17 

Source: Soddo Dachie Woreda water and energy resources development Office 

 

iii. Estimation of per Capita Water Demand 

Considering the design criteria for urban water supply projects prepared by the Ministry 

of Water and Energy published in January 2006, and other studies that were done related 

to the current socio-economic condition of the country, GTP2 of the country related to 

clean water supply, the domestic demand can be estimated. 

iv. Demand Adjustment Factors 

The domestic water demand seriously depends on two factors: socio-economic and 

climatic factors. Accordingly, the per capita domestic water demands will be modified 

using these factors. Apparently, the socio-economic factors will be fixed based on the 

personal judgment based on the socio-economic situation of the town. In case of climate, 

the mean annual temperature is the main variable. The following are applied as 

guidelines for the adjustment factors. 
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Table 3. 16: Socio-economic Factors 

Group Description  Factor 

A Towns enjoying high living standards and with high 

potential for development  

1.10 

B Towns having a very high potential for development, but 

lower living standards at present 

1.05 

C Towns under normal Ethiopian conditions  1.00 

D Advanced rural towns  0.90 

Source: Urban Water Supply Design Criteria MoWIE, 2006. 

    

Table 3. 17: Climatic Factors 

Mean Annual Temp. (0C) Description Altitude Factor 

<10 Cool >3,300 0.8 

10-15 Cool temperate 2,300-3,300 0.9 

15-20 Temperate 1,500-2,300 1.0 

20-25 Warm temperate 500-1,500 1.3 

25 and above Hot <500 1.5 

Source: Urban Water Supply Design Criteria MoWIE, 2006. 

Taking in to consideration of the socio-economic situation of Tare Town, it can be 

considered to be a typical Ethiopian town under normal Ethiopian conditions. Thus, a 

socio-economic factor of 1.0 can be considered from table 3.16.  

Regarding the climatic conditions, the mean annual temperature of Tare Town is grouped 

under the above groups i.e. the town have altitude in the range of 1500-2300m and 
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average temperature in the range of 16.5-19.10
o
C. See figure 3.2 and table 3-1 

respectively. 

Therefore, a climatic factor of 1.0 can be applied. Based on the above finding, that 

means, the service levels, the estimated water demand for each service levels, and the 

climatic and socio-economic adjustment factors, the domestic water demand of Tare 

Town is estimated as shown in Annex-2. 

3.4.2.4. None Domestic Water Demand 

Non-domestic water demand is one of the most important water demands to be 

determined systematically. It can be classified into two major categories. Institutional 

and commercial water demand (Public Demand) and industrial water demand.  

i. Public Water Demand 

The water required for schools, hospitals, restaurants, public offices, commerce, 

institutions, military camps, public parks and other public purposes is classified as public 

water demand. When there is no actual data the public water demand is usually 

expressed as the percentage of the average day domestic water demand i.e. it is 

recommended to take about 30% of the domestic demand (Cost Effective Design 

Guideline for Urban Water Supply, February 2007, Ministry of Water Resources) or on 

an average it can be taken as 20L/HH/d and for highly commercialized cities it may be 

50L/c/d (www.slideshare.net> dhavalsshah>water demand waterrequirements, January 

25, 2018).  

Public Institutions Data 

The following data was collected from the study area to estimate the current public water 

demand based on consumption standards of design criteria (MoWR, 2006). 

http://www.slideshare.net/
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a. Commercial Enterprises 

The trade and Market Development of the Town Administration have reported  the 

existence  of  some  157 trading  enterprises  registered  by  the  office  and  functioning  in 

the town. Detailed breakdown of the enterprises is shown in table 3.18: 

Table 3. 18: Enterprises Operating in Tare Town 

Type Number Demand Parameter 

Groceries 21 420 seats 

Retail and Petty trade (Shops) 100 100 employees 

Grain mills 16 32 employees 

Barbers 15 30 employees  

Ladies and Men  dressers 5 5 employees 

Source: Tare Town trade and industry office, 2019 

The Office also informed receiving higher number of applications for business licenses this 

year compared to last year. The groceries have in average 20 seats each. 

With further development of physical and social infrastructure, the commercial centers are 

expected to grow further in the coming period. 

b. Social Services Institutions 

1. Health 

The town is provided with one health center which has 10 beds, 1 pharmacy and 1 

laboratory. It is staffed with the following health professionals: 
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Table 3. 19: Available health professional within the health center 

S.N. Health Professional Number 

1 Health Officers 3 

2 Nurses 7 

3 Laboratory  technicians 2 

4 Midwifes 3 

5 Pharmacists 1 

6 Druggists 1 

7 Health Extension Workers 2 

8 Support staff 11 

 
Total 30 

Source: Tare Town Health Office, 2019 

There also 3 primary clinics with no laboratories. The clinics provide first aid services. In   

total they are staffed by 5 clinical nurses, 3 cleaners and 1 cards keeper.  Only one of    the 

clinics is fully staffed according to the standard i.e. 2 clinical nurses, 1 cleaner and 1 cards 

keeper. 

2. Education 

The town has three schools one primary (Grades 1-8), one secondary (9-10) and preparatory 

(11-12) and one technical schools. The student enrolment profile and employees at each 

school is as shown below. 

Table 3. 20: Tare Primary School student enrolment and profile 

Description Male Female Total 

No of Students 528 684 1212 

Grades 1-4 284 359 643 

Grades 5-8 244 325 569 

No of Teachers 14 17 31 

 With degree 4 2 6 

 Diploma 8 14 22 

 certificate 2 1 3 

Source: Tare Town Education Office, 2019 

Table 3. 21: Tare Secondary and Preparatory School student enrolment and profile 

Description Male Female Total 

No of Students(9-10) 341 294 635 

No of Teachers        15 6       21 

No of Students(11-12) 166 28 194 

No of Teachers        8 2      10 

Source: Tare Town Education Office, 2019 
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Table 3. 22: Tare Technical School student enrolment and profile 

Description Male Female Total 

No of Students 231 142 373 

No of Teachers        13 5       18 

Source: Tare Town Education Office, 2019 

According to Tare Town Administration Office, there are 697 different sectors employees in 

municipality administration compound and woreda administration that is Male 546, Female 

151. 

c. Religious Institutions 

In Tare Town, there are three religious institutions namely 1 Orthodox Church, 1 mosque 

and 1 protestant church. The number of worshipers and religious servants are described 

in the table as follows. 

Table 3. 23: Religion Institutions found in Tare Town 

Name of the 

Religious Institution 

Number of Religious 

Servants 

Average Number of 

Worshiper per Day 
Total 

Orthodox Church 5 50 55 

Mosque 2 30 32 

Protestant Church 3 45 48 

Total 10 125 135 

     Source: Tare town Administration Office, 2019 

Current Public Water Demand 

The public water demand of the study area is indicted in table 3.24 as follows. 
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Table 3. 24: Current public water demand 

Description
Demand 

Parameter

Standard 

Demand

Total 

Demand 

Per Day 

(Litre)

Total Per 

Institution 

(L/d)

Total (l/d)

Total 

Public 

Demand 

(L/s)

Total 

Public 

Demand 

(m3/d)

1212 Students 5l/student/d 6,060         

31 Emplyees 5l/emp/d 155            

829 Students 5l/student/d 4,145         

31 Emplyees 5l/emp/d 155            

373 Students 5l/student/d 1,865         

18 Employees 5l/emp/d 90              

10 Bed 50l/bed/ 500            

39 Employees 5l/emp/d 195            

Municipality Administraton 

and Woreda Employees
697 Employees 5l/emp/d 3,485         3,485.00      

Groceries and Cafes 420 Seats/d 10l/seat/d 4,200         4,200.00      4,200     0.05 4.20

Shops and other commerial 

Institutions

167 

employees/d
5l/employee/d 835            835.00         835        0.01 0.84

Religious Institution
135 worshipers 

per day
5l/worshiper/d 675            675.00         675        0.01 0.68

16,650       22,360.00    22,360   0.26 22.36

16.65

Total

4,180     

12,470   0.14

0.05

Health Center 

Primary School

Secondary and Preperatory 

School

Technical School 1,955.00      

4,300.00      

6,215.00      

695.00         

 
 

ii. Industrial Water Demand 

Currently there is no industry in Tare Town that need water supply service. However, 

due to the trend of the current economic growth of the country there will be industrial 

development in the town, which will consume water for the future.  

Therefore, for the current year there is no water requirement for the industries. For the 

future, there will be water consumption in the town by the industry.  

iii.  Animal Demand 

Domestic animal demand may be required if there are no water sources in the proximity 

of the town.  

Animal demand can be calculated by the formula described under equation 3.5.  

Livestock Consumption=Number of livestock*per capita demand-------- (3.5) 
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From the site visit made around the town there are no perennial surface water sources 

that may serve animal demand in the radius of 5km. Therefore, inclusion of the livestock 

water demand is necessary for the community. From survey study, the number of 

livestock figures obtained is shown in table 3.25.  

Table 3. 25: Livestock Population of Tare town 

S.N. Type of Livestock Total number of Livestock 

1 Sheep and Goat 1,800 

2 Cattle, Donkey, Horse and Mule 4,100 

Source: Tare town Administration Office, 2019  

As per design criteria, per capita livestock water demand is given in table 3.26. 

Table 3. 26: Livestock per capita Water Demand 

Animal type Water Demand 

Cattle, Donkeys, Horses 50 l/Head/day 

Goats and Sheep 10 l/Head/day 

Camel 150 l/Head/month 

Source: Urban Water Supply Design Criteria MoWIE (2006). 

After considering the number of livestock population and per capita water demand in the 

above tables, the livestock water demands are calculated and presented in table 3.27.  

 

Table 3. 27: Livestock Water Demand 

Animal Population unit 2019 

Cattle, Donkey, Horse and Mule No 4,100 

Goats and Sheep No 1,800 

Livestock per Head Demands     

Cattle, Donkey, Horse and Mule l/head/day 50 

Goats and Sheep l/head/day 10 

Livestock Water Demand     

Cattle, Donkey, Horse and Mule m
3
/day 205 

Goats and Sheep m
3
/day 18 

Total Animal Water Demand 
m

3
/day 223 

l/s 2.6 

 

iv. Water Requirement for Fire Fighting 

The amount of water required for firefighting for one fire incident will not be more than 

the amount of water distributed during the maximum day water demand for the period of 

the incident. Therefore, the water required for firefighting will be stored in the reservoir 
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as a reserve for critical days when the reservoir is even not full. This will be 10% of the 

storage volume of the reservoir and will be met from the storage but not from the source. 

Therefore, it is not considered as a separate water demand to be considered. The reserve 

water can be released at the time of fire outbreak and collected by fire trucks from fire 

hydrants. Therefore, this demand can be compensated by increasing the capacity of 

service reservoir by 10% (MoWR Design Criteria, 2006). 

Many other formulas can be used to estimate the amount of water needed for fire and the 

most applicable formula is used all over the world as follows to calculate the firefighting 

water demand:   

National Board of Fire Underwriters (NBFU) for communities less than 200,000 

inhabitants 

 

Where:  QF = fire demand (m
3
/hr) 

P=Population in 1000‟s  

Note: this formula is used for sizing reservoir taking the community as whole and should 

not be used for distribution system pipes and therefore not included in the demand 

estimation.  

The number of expected fires that may occur simultaneously is calculated using the 

following formula:  

 

Where:  P= is the population in thousands 

3.4.2.5. Unaccounted For Water (UFW) 

Water losses in the water supply distribution system, illegal connections, overflow from 

reservoirs and improper metering are referred to as unaccounted for water. For Tare 
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Town, based on the National Design Criteria related to the UFW, the estimated UFW of 

the town at current time is as estimated and indicated in Annex-2. UFW is taken as a 

percentage of Total Average Water Demand based on the existing conditions, design 

criteria and norms in the country.  For the case of Tare Town the researchers has 

considered 30% water loss as percentage of Domestic plus Public Water Demand for the 

current period (year 2019) based on Ministry of Water Resource design criteria (2006). 

3.4.2.6. Total Average Water Demand (TAWD) 

The total average water demand can be determined by adding the three categories of 

water demands: domestic, non-domestic and unaccounted for water. This sum represents 

the mean daily water demand of the town. 

Demand Variations and Demand Factors 

The water demand in a day varies with time according to the consumers' life style that is 

expected to improve with time. Hence, the adopted hourly flow factors, fractions of 

average daily demand, for the current year is presented below.    

1. Maximum Day Water Demand 

The water consumption varies from day to day. The maximum day water demand is 

considered to meet water consumption changes with seasons and days of the week. The 

ratio of the maximum daily consumption to the mean annual daily consumption is the 

maximum day factor. The proposed maximum day factor usually varies between 1.0 and 

1.3 as per the design criteria. Hence, a maximum day factor of 1.3 would be adopted. 

The peaking factor applied to average-day demands to obtain maximum day demands can be 

found by using Equation (3.8). 
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Where:  Qmax= maximum day demands (m
3
 /s) 

PF=peaking factor between maximum and average day demands 

Qavg= average day demands (m
3
/s) 

The maximum day demand is applied to determine source pumping requirement, size of 

rising mains and treatment system. 

2. Peak Hour Water Demand 

The peak hour demand is the highest demand of any one hour over the maximum day. It 

represents the daily variations in water demand resulting from the behavioral patterns of 

the local population. Experience clearly demonstrates that the peak hour factor is greater 

for a smaller population. Table 3.28 shows the recommended peak hour factors in 

relation to population size. The peak hour factor of the town for the current year will be 

determined based on the results of population projection from the socioeconomic 

analysis. 

Table 3. 28: 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 

Source: Urban Water Supply Design Criteria by Ministry of Water Resources, January 2006. 

The peak hour demand is used to size infrastructure such as reservoirs and distribution 

pipelines. 

3.4.2.7. Summary of Water Demand Assessment 

Based on the above analysis, the calculated summary of the present water demand for 

Tare Town, for the years 2019 is shown under Annex-2. Therefore, the calculated 
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summary of the present total average water demand for Tare Town, for the years 2019 is 

10.44L/s or 901.95m
3
/day or 329213.56m

3
/year. 

3.4.3. Nodal Demand Data  

Demand allocation to consumption points are estimated using the following procedures:  

1. Population size for each node.  

2. Water demand is estimated based on the current design for the existing system. 

3.  Location of nodal demand or consumption points is selected for demand allocating 

in the study area. 

4. Service areas for each consumption point are identified delineated. 

5. Nodal demand is calculated using the following formulae (Bentley, 2008) 

Nd= (Pi*dj)-------------------------------------------------------------------------------------(3.9) 

Where:  Nd = Nodal demand  

Pi = population in each nodes of the service area  

dj = per capital demand for each pressure zones of the service area 

i = subscript referring to the i-th nodes in the service area  

j = subscript referring to the j-th pressure zone in the service area 

The current demand and current supply proportionally assigned to the demand nodes is 

indicated under Annex-3.  

 

3.5. Assessment of hydraulic performance of the existing water 

supply system of the town  

The analysis of the water supply system of Tare Town is performed using Bentley Water 

CAD V8i software that helps in analyzing water distribution systems. This software helps to 

evaluate the hydraulic performance of water supply system networks.  

3.5.1. Input of the Water CAD Software 

In the case of Tare Town the water supply system layout is produced by AutoCAD soft-ware 

and resaved as DXF file to be the first input of Water CAD soft-ware.  
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Table 3. 29: Input parameters and primary purposes of water CAD software 

Element  Type  Primary modeling purpose  Input data  

Reservoir  Node  Provides water to the system  Hydraulic grade line (water 

surface elevation)  

Tank  Node  Stores excess water within the 

system and releases that water at 

times of high usage  

Base Elevation, Maximum 

Elevation, Minimum 

Elevation, and Diameter 

Junction  Node  Discharge the demand required or 

recharge the inflow water from/to 

the system  

Elevation, Base Demand   

Pipe  Link  transport water from one node to 

another  

Elevation, Diameter, Material 

and Roughness coefficient  

Pump  Node  provide energy to the system and 

raise the water pressure to 

overcome elevation differences and 

friction losses  

Elevation, Pump definition 

(Characteristics of maximum 

operation and design 

discharge and head efficiency)  

Valves  Node  Controls flow or pressure through a 

pipe and results in a loss of energy 

in the system  

Elevation, Diameter, Valve 

type  

Source; Water CAD: USER MANUAL, 2013 

 

The detail data used to assess the hydraulic performance of existing water supply system 

are capacity, status and other characteristics of the present water supply system 

components. These are source (type, location, elevation and discharge), 

electromechanical equipment that lift water to the require elevation (type, capacity and 

position), pressure lines (location and elevation), storage facility (type, capacity, 

dimension and elevation), coverage of distribution network and fetching points and was 

found from previous study and design documents, reports and primary data collection.  

The materials known as GPS and measurement instruments (tape measure) were used to 

assess the geographic location, elevation and dimension of the system components.  

The hydraulic performance of the water supply system components as a whole (on which 

these data were collected) was analyzed using AutoCAD and Water CAD softwares and 

other empirical formulas to investigate their hydraulic performance. The results of the 

analysis help to show the system problem or the system failure to deliver appropriate 

service for the town population.  
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The researcher was undertaken the detail study and gets a clear understanding of the 

existing water supply facilities operation problem to provide information that indicate 

way for meeting the required service delivery of the scheme.  

3.5.2. Data Analysis and Presentation  

The physical characteristics of the system were represented in the model by nodes and 

pipes (or elements). The nodes, joined by pipes, pipe junctions, changes in pipe diameter 

and the locations of system attributes such as valves and of large demands. The node and 

pipe data sets contain geographic co-ordinates, ground levels, basic demand data, 

internal diameter and friction coefficient, service reservoir geometry, valve performance 

characteristics.  

Water demand was allocated to the node nearest to its draw off point. Nodal demands 

were distributed based on population estimates served by the nodes (see Annex-3).  

The results were displayed both graphically and in tabular form to illustrate the 

performance of the network and individual elements of the system.  
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3.5.3. Water-CAD Analysis Frame Work 

The Water CAD software analysis procedure is described by chart in figure 3.8 below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

Figure 3. 7: Water CAD Analysis Framework Chart 
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3.5.4. Water Supply source Analysis of the town  

The water supply source of the town is underground source. The deep well located at UTM 

37P 459482m E, 942662.10m N and ground elevation of 2155m a.s.l. The static water level 

in elevation is 2105m and pump position elevation level is 2080m. Flow in and flow out 

yield of the well is -3l/s and 3l/s respectively.  

Table 3. 30: Hydraulic model Well characteristics result 

 
 

3.5.5. Electromechanical Equipment 

The electromechanical equipment for water lifting is one submersible pump with discharge 

of 3l/s and head of 148.6m. It is powered from EEPCO national grid. No standby generator 

to serve during power interruption. The next table and figure are the Water CAD analysis 

results of the pump characteristics. 

Table 3. 31 : Pump characteristics result of model analysis 
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Figure 3. 8: Pump characteristic result of model analysis 

 

3.5.6. Storage Facility  

The existing reservoir for storage has capacity of 75m3 and located at UTM coordinate of 

37 P 458695mE 942783mN and at ground elevation of 2204m.a.s.l. As the water is partly 

pumped to the distribution lines through pressure line before reaching the reservoir the 

amount of pumped water only partially enter the reservoir. This has caused discontinuity of 

water service in up lying areas of the town even when there is water in the reservoir. Also, 

due to expansion of settlements at higher locations than the existing reservoir site, residents 

in such areas do not get water from the reservoir.  

According to Urban Water Supply Design Criteria (FDRE Ministry of Water Resource 

January 31, 2006), average reservoir capacity should be in the range of 30% to 50% of the 

average daily demand. Equations 3.10 and 3.11 can be used alternatively to calculate 

capacity of the reservoir.  

Pump Characteristic Curve 

(Head vs Flow) Efficiency Curve 
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Tank Capacity= 40%*Total Average Daily Demand+ 10 %( 40%*Total Average Daily Demand)---(3.10) 

OR 

Tank Capacity=Peak Daily Demand÷3---------------------------------------------------------------- (3.11) 

However Fixing Reservoir Capacity using Sequent peak Algorithm is a simple and straight 

forward analytical procedure for computing reservoir capacity, and is used as an excellent 

alternative to other methods of determining reservoir capacity. It is a plot between time on 

X-axis, and cumulative surplus and cumulative deficient on Y-axis. Therefore a sequent 

peak algorithm method analysis has been applied to determine the total volume of current 

required service reservoir. 

 Table 3. 32: Tank characteristic result of model analysis 

 

3.5.7. Pipe Network (System) 

The basic arrangement of existing water supply system of the town for delivery of water 

from the source to the consumer is mixed pumping and gravity system. It is fixed rate 

pumping system from source to storage reservoir and gravity system from reservoir to the 

consumer.  

3.5.7.1. Transmission Mains (Pressure Line) 

The Transmission lines include pipe lines that deliver raw water from the existing borehole 

sources to service reservoir. The rising and transmission main from existing borehole 

consists of DN 50mm Galvanized Steel (GS) pipes with a total length of about 810m long.   

3.5.7.2. Distribution System 

The distribution system is looped system with a diameter ranging from 25mm – 65mm with 

estimated length of about 4.12km.  
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3.5.7.3. Hydraulic Performance of the pipe System 

a. Velocity in the distribution system 

According to Urban Water Supply Design Criteria (FDRE Ministry of Water Resource, 

2006), “water velocities shall be maintained at less than 2 m/sec, except in short sections 

around the submersible inlet and out let branch. A minimum velocity of 0.6 m/sec can be 

taken, but for looped systems there will be pipelines with sections of zero velocity. Head-

loss is related to velocity and pipe roughness. The maximum head-loss with therefore be 

governed by the maximum velocity criterion”.  

b. Pressure in distribution System  

According to Urban Water Supply Design Criteria (FDRE Ministry of Water Resource, 

2006), Pressure in distribution network shall be minimum 10m water  head to maximum 

70m water head. 

3.6. Water Supply and Demand Prediction of the study area for the next 

20 Years 

3.6.1. Predicting Future Water Demand  

Water distribution systems are designed and constructed not only to solve the problems 

of today, but also to prevent problems in the future. With almost any endeavour, the 

future holds a lot of uncertainty, and demand projection is no exception. Long range 

planning may include the analysis of a system for 10- 20 and 20-35 year time frames. 

When performing long term planning analyses, estimating future demands is an 

important factor influencing the quality of information provided (Walski, 2003).  

The most of conceptually simple routinely used approach is to estimate water use (Qt) at 

a future time (t) by multiplying the future population (Pt) by a per capita water use rate 

(rt) as follows:  
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Where: 

Qt=Estimate Water Demand (m
3
)  

rt= Per capita water demand 

pt=future projected population, for future time (t). 

Per capita water use rates can be estimated based on water use records for a particular 

city, or alternatively, regional or national use rates can be obtained from the literature 

(Walski, 2003). 

The per capital water demand of urban areas varies depending on population size, 

economic, social and climatic factors as well as mode of service of the town (MoWR, 

2006). Three mode of service were identified for domestic water consumers of Tare 

Town. These are yard connection users (YCU), house connection users (HCU) and 

public tap users (PTU). The rate of HCU and YCU are increased per year by 0.7% and 

1.3% of the total population respectively and PTU decreases by 2% of the total 

population per year in small and medium towns (OWERDB small and medium towns‟ 

business plan, 2014). The rates established for Oromia Region was used to forecast the 

population of Tare Town (see table 3.12). Population and water demand projection were 

done making use of the geometric growth rate method with base population as recorded 

by Tare Town Administration and depending on the existing demand parameters (service 

level) of the town (see table 3.15). This method is mostly applicable for growing towns 

and cities having vast scopes of expansion (Bradley, 2004.). The geometric growth 

method is given in equation 3.3. 

Institutional and commercial demand comprises universities, institution, commercial 

buildings and commercial centers, including office buildings warehouses, stores, hotels 

shopping centers, schools, temple, cinema houses, rail way and bus stations etc. For 

estimation minimum of 30% of average daily domestic demand can be taken.  
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On an average this value is also taken as 20L/HH/d and for highly commercialized cities 

it may be 50L/c/d (www.slideshare.net> dhavalsshah>water demand waterrequirements, 

January 25, 2018).  

The water required by factories, paper mills, breweries, sugar refineries etc. comes under 

industrial use. The quantity of water demand for industrial purpose is around 20 to 25% 

of the total demand of the town (www.slideshare.net>dhavalsshah>water 

emandwaterrequirement, January 25, 2018).  

For the prediction, 2019 was taken as base year and the prediction done for 20 years 

starting from year 2020 up to 2039. Hence, the demand of the study area is predicted 

considering different future demand estimation parameters with Microsoft Excel Sheet as 

the detail indicated in Annex-8. 

Accordingly, the predicted water supply source pumping requirement, size of rising 

mains and treatment system should be determined and designed for the next twenty years 

by 36.58l/s (maximum day demand) see Annex-8. 

The other infra structures that are reservoir capacity and distribution pipelines should be 

designed by the peak hour demand. The peak day water demand for the next twenty 

years is 6321.37m
3
/day or 73.16l/s. 

http://www.slideshare.net/
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CHAPTER 4: RESULTS AND DISCUSSIONS 

4.1. Water Supply and Demand Assessment 

4.1.1. Introduction 

  

Shortage of water supply to the rapidly growing urban population and urbanization are 

increasing dramatically. Water demand in the domestic sector of developing cities 

including Tare Town increases through time that as a result demands for additional water 

sources and infrastructure. Despite to these, the depleting capacity of existing water 

supply source and inefficiency of the water supply system because of design period 

obsolescence and poor operational management are major causes to non-satisfying of  

the growing demand. The increase in town population, expansion of town by including 

surrounding dwelling areas under town master plan and migration of rural population 

following the increasing commercial, industrial and other public service institutions 

make the town water demand dramatic increase. Beside to the overall low supply 

coverage, supply disparity exists among different localities. Therefore assessing the 

entire distribution of the water supply system capacity and performance, and water 

demand is important in order to identify the causes of water supply problems to give 

information that leads to the solution. 

4.1.2. Existing Water Supply 

Tare Town Water supply consumption is assessed based on quantity consumed. Because 

the quality, affordability of the people and other parameters are not the intention of this 

research since the quantity of supply and system efficiency are more related to the water 

supply shortage. In this part of the analysis, the households‟ daily consumption and total 

daily water supply by the system obtained by calculation using equation 3.2 are used to 

analyze the domestic water consumption for the entire study area. Access to water supply 

may be evaluated using the amount of water consumed and the level of connection. The 
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amount of water consumption found above is converted to average daily per capita 

consumption using the population data of survey samples and Tare Town. 

4.1.2.1. Water Consumption  

The volume of water consumed for domestic purpose has been aggregated to all 

customers‟ of the system to analyze the distribution of the water consumption in the 

study area. Evaluating the domestic water supply coverage using volume of consumption 

may not allow realizing the distribution comparison among the study area (Desalegn, 

2015). Per capita consumption in the study area is estimated using daily water produced 

by the town water supply system and using the Equation (3.4) is about 19.83l/c/d. 

According to the HH survey data table 3.5, the water consumption per capita per day is 

calculated as:  

Per capita consumption (l/c/d) = [Daily Total Water Consumption (l/d)]/Total population----- (4.1). 

Accordingly, it becomes 11.9l/d as indicated in table 4.1 below. The difference appears 

because the HHs data did not include institutional consumption, UFW and others. It is 

only domestic consumption. For the purpose of comparison with current total average 

demand, the current supply 19.83l/c/d or 216m
3
/d or 78,840m

3
/year was taken. 

Table 4. 1: Water consumption of the surveyed HHs 

S.N. Number 

Of 

Sample 

HHs 

Average 

Family 

Size 

Total 

People in 

the HHs 

Total Water 

Consumed 

per HH Per 

day (L/d) 

Total 

Water 

Consumed 

(l/d) 

1 23 5 115 20 460 

2 73 5 365 40 2920 

3 55 5 275 60 3300 

4 34 5 170 80 2720 

5 19 5 95 100 1900 

6 13 5 65 120 1560 

Total 217  1085  12860 

Per capita Consumption per day (l/d) 11.9 

Source: Tare Town Administration and HH Survey, 2019 
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4.1.3. Current Water Demand 

Assessing the existing water demand of the town was used for categorizing supply and 

demand gap assessing the capacity and efficiency of water supply system components 

such as water supply source, pumping station, reservoirs, and transmission and 

distribution pipe lines to give information for corrective measures for the problems 

identified.  

4.1.3.1. Average water demand  

There are several mathematical methods of estimating the water demands of a given 

town; including extrapolating historical trends and correlating demand with the socio-

economic variables of the town. But, the most common means of forecasting future 

water demand is estimating current per-capital water consumption, and multiply this by 

the projected population figure (Lema Kefyalew, 2018). Therefore, using the appropriate 

procedures the average water demand of 2019 for Tare Town was calculated to be 

10.44L/s or 901.95m
3
/day or 329,213.56m

3
/year (see Annex-2). 

4.1.4. Comparison of Current Supply with current demand 

Comparing current actual water supply with current water demand is crucial to know the 

gap and strive to investigate the problems causes the gap and hence search solution for 

the problem. 

In case of Tare Town the current demand was loaded to the demand junction in water 

supply system and the current supply also loaded to the same nodes proportionally see 

Annex-3).  

 From the above result the current supply and current demand is indicated in table 4.2 

below.  
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Table 4. 2: Current Demand and supply gap of the study area 

Unit 
Current 

Demand 
Current Supply 

Excess of Demand over 

supply (SS and DD Gap) 

m3/year 329,214 78,840.00 -250,374 

m3/d 902 216.00 -686 

l/s 10.44 2.50 -7.94 

  

The supply is only 23.95% of the current demand. The huge supply and demand gap 

indicated in Table 4.2 above and Figures 4.1 below displays the serious water shortage in 

the study area. The sharp pick of total average demand line at the end in figure 4.1 

indicates the transition from private connection where demand is relatively low to water 

points where demand is very high.  

The critical shortage of water in Tare Town is also observed in public institutions and 

commercial establishments not being served and some are served below 20% of their 

potable water demand. In the study area, there are 5,900 animals that consume 223m
3
 

water per day especially in the dry season they consume more. In HH survey, all 

respondents are agreed that there is critical and serious shortage of water supply in the 

town that confirms the above assessment analysis result. This is why the people of the 

study area opt to collect water for consumption from far away distance using animals 

and vehicles.  As observed during the survey and data collection most of them collect 

water from Muchuchata Peasant Association that is about 4km far from the town.   
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Figure 4. 1: Current Demand and Supply Gap  
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4.2. Hydraulic Performance of the Existing water supply system 

Water resources availability, the capacity of storages, quality and coverage of the 

transmission and distribution lines, the density of the metered customers and water 

points, and operation and maintenance are among the major performance indicators of 

urban water supply system.  

4.2.1. Water Supply Source of the Town  

The water supply source of the town is underground source. It is 91m deep well located at 

UTM 37P 459476mE, 942668mN and ground elevation of 2155ma.s.l. The yield of the well 

is 3l/s.  

The static water level in elevation is 2105m and pump position elevation level is 2080m. 

Flow in and flow out yield of the well is -3l/s and 3l/s respectively (see the hydraulic 

analysis table 3.30).  

According to Urban Water Supply Design Criteria (FDRE Ministry of Water Resource, 

2006), source capacity should be sized for peak seasonal demand including peak day factor. 

In case of Tare Town the peak seasonal demand including peak day factor is 13.57l/s (see 

Annex-2). So the existing source capacity that is 3l/s is by far less than the town‟s current 

peak seasonal demand including peak day factor which is 13.57l/s. Therefore, the source is 

not compatible with current by far greater demand. This force the population of the study 

area to collect water from far away sources that is around 4km.   

4.2.2. Electromechanical Equipment 

The electromechanical equipment for water lifting is one submersible pump with discharge 

of 3l/s and head of 148.6m. The hydraulic grade (suction) and hydraulic grade (discharge) 

are 2105m and 2253.69m in elevation respectively (see table 3.31). It is powered from 

national EEPCO grid. No generator to serve during power interruption. The pump operation 

hour per day is 20hrs (see table 3.10). These resulted in actual water supply 216m
3
/d (see 
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equation 3.2) or 2.5l/s, which is only 23.95% of the current demand. This has been 

worsening the water supply shortage. 

Even though there is critical shortage of water, since the system is directly pumping in to the 

distribution system rather than pumping in to service reservoir, there is a frequent 

interruption in water supply due to the interruption in the electric power supply. Thus it will 

be recommendable to propose an appropriate stand by generator to minimize such problem. 

Similarly, direct supply of water to the consumers from the transmission main will be 

avoided i.e. water have to be directly pumped to the reservoir in the future design. 

Supply interruption: The supply system is frequently  interrupted  by  lack  of  stand by 

generators during power failure that nationally occurs frequently.  

4.2.3. Storage Facility  

The existing reservoir for storage has capacity of 75m
3
 and located at UTM coordinate of 37 

P 458695mE 942783mN and at elevation of 2204m.a.s.l. As the water pumped to the 

distribution lines through pressure line is partly consumed before reaching the reservoir only 

small quantity of water enter the reservoir. This has caused discontinuity of water service in 

up lying areas of the town even when there is water in the reservoir. Also, due to expansion 

of settlements at higher locations than the existing reservoir site, residents in such areas do 

not get water from the reservoir.  

According to Urban Water Supply Design Criteria (FDRE Ministry of Water Resource, 

2006), average reservoir capacity should be in the range of 30% to 50% of the average daily 

demand. However Fixing Reservoir Capacity using Sequent peak Algorithm is a simple and 

straight forward analytical procedure for computing reservoir capacity, and is used as an 

excellent alternative to other methods of determining reservoir capacity. It is a plot between 

time on X-axis, and cumulative surplus and cumulative deficient on Y-axis. Therefore a 
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sequent peak algorithm method analysis has been applied to determine the total volume of 

current required service reservoir. 

Table 4. 3: Sequent Peak Algorithm analysis result of service reservoir 

Time 

[hr.] 

Demand 

Pattern 

Supply 

(m3/hr.) 

Peak 

Hour 

Demand 

(m3/hr.) 

Demand 

Variation 

(m3/hr.) 

Surplus Deficient 
Cumulative 

Surplus 

Cumulative 

Deficit 

1 0.3 48.85 97.7 29.31 19.54   20   

2 0.3 48.85 97.7 29.31 19.54   39   

3 0.3 48.85 97.7 29.31 19.54   59   

4 0.3 48.85 97.7 29.31 19.54   78   

5 0.3 48.85 97.7 29.31 19.54   98   

6 0.7 48.85 97.7 68.39   -19.54   -20 

7 1.1 48.85 97.7 107.47   -58.62   -78 

8 1.9 48.85 97.7 185.63   -136.78   -215 

9 1.7 48.85 97.7 166.09   -117.24   -332 

10 1.5 48.85 97.7 146.55   -97.70   -430 

11 1.5 48.85 97.7 146.55   -97.70   -528 

12 1.4 48.85 97.7 136.78   -87.93   -616 

13 1.4 48.85 97.7 136.78   -87.93   -703 

14 1.3 48.85 97.7 127.01   -78.16   -782 

15 1.2 48.85 97.7 117.24   -68.39   -850 

16 1.5 48.85 97.7 146.55   -97.70   -948 

17 1.6 48.85 97.7 156.32   -107.47   -1055 

18 1.7 48.85 97.7 166.09   -117.24   -1172 

19 1.3 48.85 97.7 127.01   -78.16   -1251 

20 1 48.85 97.7 97.70   -48.85   -1299 

21 0.7 48.85 97.7 68.39   -19.54   -1319 

22 0.5 48.85 97.7 48.85 0.00   0   

23 0.4 48.85 97.7 39.08 9.77   10   

24 0.3 48.85 97.7 29.31 19.54   29   

  
Maximum 

Sag 

Maximum 

Hag 

Reservoir 

Capacity 

(m3) 

98 1319 1,417 
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Figure 4. 2: Reservoir Sequent Peak Algorithm 
 

Hence using Sequent peak method the current reservoir capacity should be 1,417m
3
. With 

this respect, the existing 75m3 reservoir is by far below the required. With this respect, the 

existing 75m3 tank is by far below the required. In addition, the tank should be elevated for 

appropriate service if water was available.  

4.2.4. Pipe Network (System) 

The basic arrangement of existing water supply system of the town for delivery of water 

from the source to the consumer is mixed pumping and gravity system. It is fixed rate 

pumping system from source to storage reservoir and gravity system from reservoir to the 

consumer.  

4.2.4.1. Transmission Mains (Pressure Line) 

The Transmission lines include pipe lines that deliver raw water from the existing borehole 

sources to service reservoir. The rising and transmission main from existing borehole 
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consists of DN 50mm Galvanized Steel (GS) pipes with a total length of about 810m long. 

The transmission main are lied out of the town master plan road network across residential 

houses so become difficult for maintenance and operation. In addition, there are direct yard 

connections of customers from pressure line even though it is impossible. Therefore, enough 

water cannot be reaching the reservoir.  

4.2.4.2. Distribution System 

The distribution system is looped system with a diameter ranging from 25mm – 65mm with 

estimated length of about 4,114m.  

The distribution pipe lines in the town do not cover parts of the settlements expanding 

towards its periphery. In addition, the existing system which was implemented twenty years 

ago has undergone some modification and the system is serving some consumers by direct 

pumping which resulted in high pressure at low lying places compared to high places. Most 

of the existing distribution pipes are laid out of the town master plan road network crossing 

residential houses and some are smaller so it is not appropriate for water delivery. 

4.2.5. Facility Management and Operation  

Concerning the organization of the town water supply service it has been currently 

administering by water committee who do not give due attention to the issues and 

management of the water supply service rather they are focusing on their individual life 

activities. So the water supply service has no efficient and effective management of 

service delivery.  

Even though the plumbing technician of the water committee carries out day-to-day minor 

plumbing maintenance activities as long as it is within its financial and technical capability 

all other plumbing and electrical and mechanical maintenance activities are carried out by 

support of trained technical staffs of the Woreda or the Zonal, and further Regional Water 

and Energy Resources Development Bureau. The water committee has not been requesting 

timely for these frequent system failure maintenances. 
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Some of the major problems reported are:  

 Aging of water supply facilities: drop in efficiency of the system 

facilities due to aging that resulted in frequent failure because the 

system was constructed in 1992E.C.  In addition, system failures 

also occur frequently due to the aging of the system and timely 

repairs has been not performing because of unavailability of 

appropriate maintenance professionals and due attention did not 

given by the water committee. Frequent power interruption is also 

another problem. 

 No office, store and workshop for the scheme, little spare pipes and 

fittings and no maintenance tools and transportation facility. 

 No organized institution for water service administration  

In general, Tare Town water service should be institutionally set up and strengthened with 

technical, managerial and administrative staff and provision of adequate facilities for the 

proper delivery of their duty.  

4.2.6. Identified Hydraulic Performance Problems of the System 

 

4.2.6.1. Velocity distribution in the pipe system 

Velocity of water flow in a pipe is one of the important parameters in hydraulic performance 

evaluation of the efficiency of water supply distribution and transmission line. According to 

Urban Water Supply Design Criteria (FDRE Ministry of Water Resource, 2006), “water 

velocities shall be maintained at less than 2 m/sec, except in short sections around the 

submersible inlet and out let branch. A minimum velocity of 0.6 m/sec can be taken, but for 

looped systems there will be pipelines with sections of zero velocity. Head-loss is related to 

velocity and pipe roughness. The maximum head-loss with therefore be governed by the 

maximum velocity criterion (see figure 4.3 and 4.4 below).  
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Velocity distribution is varying with demand changes. Generally, for high demand the 

velocity is high and for lower demand it becomes lower (see table 4.1 and 4.3).  

As shown in water CAD software analysis result of Tare Town existing pipe system the 

velocity is within allowable range 0.01 to 1.53 m/s if demand limited to the current 

supply was fed to the demand nodes (see Annex-4 and figure 4.3).  

On the contrary,  the velocity in pipes P-5, p-6, p-7, p-8, p-11, p-19, p-22, p-31, p-32 and 

p-33 are  6.4m/s, 6.34m/s, 3.99m/s, 5.34m/s, 4.48m/s, 4.24m/s, 4.18m/s, 3.69m/s, 

3.43m/s and 6.16m/s respectively which are very high velocity and out of the allowable 

range by far when current demand was loaded to the demand-nodes (see Annex-5 and 

figure 4.3.).  

Improving or upgrading the existing water supply distribution has to consider also 

checking the velocity minimum and maximum limit based criteria. For this study, the 

high velocity portrays the hydraulic performance inefficiency of the pipe distribution 

network to satisfy the current high demand. These are the undersized pipes to pass the 

required flow to satisfy the current demand (see figure 4.3 below). 

 
Figure 4. 3: Velocity if demand is limited to existing Supply and for current demand  
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Figure 4. 4: Head loss gradient if demand is limited to existing Supply and for current demand  

 
 

 

 
Figure 4. 5: Flow required in pipes if demand is limited to existing Supply and for current demand  
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4.2.6.2. Pressure distribution in the demand nodes (junction)  

Pressure in water distribution system has to be maintained optimum. According to Urban 

Water Supply Design Criteria (FDRE Ministry of Water Resource, 2006), Pressure in 

distribution network shall be minimum 10m water  head to maximum 70m water head. In 

case of Tare Town when water CAD software run for the system if the demand limited to 

current supply is loaded to the demand-nodes majority of the nodes are resulted with 

pressure in allowable range (see Annex-6 and figure 4.6 below). But when current 

demand is loaded to the demand-nodes all the nodes resulted in negative pressure except 

at bore hole and node J-18 where the customers used water from pressure line (see 

Annex-7 and figure 4.6 below). Available pressure heads less than the minimum required 

heads at one or more nodes indicates that networks inability to supply the desired 

demand. Under such pressure deficient conditions, the quantity of water a network can 

supply at different nodes is required in-order to estimate short-fall in supply. These 

critical low-pressure nodes are normally the ones at relatively high elevations and 

relatively far from the supply points. In-addition pressure reduction to zero, or a negative 

in the water distribution system is resulted from pump station shut downs due to 

equipment failure, power outages, emptying of storage tanks, or draining of the system 

(Florida Rural Water Association, 2005). There are also some reasons that are why the 

negative pressure is occurred in the water supply distribution system might be as result 

of properties on high ground (elevations difference), remote properties at the end of long 

lengths of pipe (downstream side), demands that are greater than the design demand 

(negative Q demand), pipes of inadequate capacity (too small diameter) and rough pipes 

(e.g. corroding iron pipes or pipes with a build-up of sediment) (Sleamlak Muluken, 

2015).  
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In this study area case, the pressure in water supply system became negative mainly 

because of demands that are greater than the design demand (negative Q demand) and 

pipes of inadequate capacity (too small diameter). 

In addition, because of the source is very small the water cannot reach all the system at 

once. The most part of the town is out of the coverage of the water supply system and the 

part of the town with elevation above and equal to the reservoir elevation cannot get 

water from the system. Hence they get water out of the town from Muchuchata Peasant 

Association which is about 4km far away from the town. The total average current 

demand of the town 901.95m
3
/day is impossible to be covered by only 216m

3
/day supply.    

Concerning water delivery points, which are water points and customer connections they are 

concentrated at the center of the town following the pipe network. Therefore, they are not 

accessible for the dwellers of the town found at the distance of more than 250m away from 

them even if there is water supply. 

 

   

Figure 4. 6: Pressure if demand is limited to existing Supply and for current demand 
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Figure 4. 7: Hydraulic grade if demand is limited to existing Supply and for current demand  

 

4.3. The predicted water Supply and demand of the study area for the 

next 20 years 

4.3.1. Water Demand 

For the study area the demand and water supply prediction was made considering 

different demand estimation parameters These are domestic demand, non-domestic 

demand, demand for firefighting and Unaccounted for Water (UFW) (for the detail see 

annex-8).  

The summary of the water demand for the study area for the next 20 years from 2020 to 

2039 is indicated in table 4.4 below. 

Table 4. 4: Summary of the predicted total average water demand of Tare Town 

S.N. Year Population 

Predicted 

Total 

Average 

Demand 

Per Year 

(m3/Yr) 

Predicted 

Total 

Average 

Demand 

per Day 

(m3/d) 

Predicted 

Total 

Average 

Demand 

in (L/S) 

Maximum Day 

Water Demand 

Peak Day 

Water Demand 

M3/d L/s M3/d L/s 

1 2020 11,365 420113.18 1151.00 13.32 1496.29 17.32 2992.59 34.64 

2 2021 11,801 432278.40 1184.32 13.71 1539.62 17.82 3079.24 35.64 

3 2022 12,283 445678.88 1221.04 14.13 1587.35 18.37 3174.70 36.74 

4 2023 12,784 459664.62 1259.36 14.58 1637.16 18.95 3274.32 37.90 

5 2024 13,305 474261.07 1299.35 15.04 1689.15 19.55 3378.30 39.10 

6 2025 13,848 489494.78 1341.08 15.52 1743.41 20.18 3486.81 40.36 

7 2026 14,182 499327.36 1368.02 15.83 1778.43 20.58 3556.85 41.17 

8 2027 14,727 514757.67 1410.29 16.32 1833.38 21.22 3666.77 42.44 
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9 2028 15,292 530823.97 1454.31 16.83 1890.61 21.88 3781.21 43.76 

10 2029 15,879 547552.36 1500.14 17.36 1950.19 22.57 3900.37 45.14 

11 2030 16,489 624589.73 1711.20 19.81 2224.57 25.75 4449.13 51.49 

12 2031 16,808 636521.43 1743.89 20.18 2267.06 26.24 4534.13 52.48 

13 2032 17,427 657654.20 1801.79 20.85 2342.33 27.11 4684.66 54.22 

14 2033 18,068 679652.29 1862.06 21.55 2420.68 28.02 4841.36 56.03 

15 2034 18,733 702550.78 1924.80 22.28 2502.24 28.96 5004.47 57.92 

16 2035 19,423 726386.13 1990.10 23.03 2587.13 29.94 5174.26 59.89 

17 2036 19,519 732032.14 2005.57 23.21 2607.24 30.18 5214.48 60.35 

18 2037 20,200 830787.53 2276.13 26.34 2958.97 34.25 5917.94 68.49 

19 2038 20,905 858564.48 2352.23 27.22 3057.90 35.39 6115.80 70.78 

20 2039 21,635 887423.02 2431.30 28.14 3160.68 36.58 6321.37 73.16 

 

 

4.3.2. Water Supply  

The predicted water supply source, source pumping requirement, size of rising mains and 

treatment system should be determined and designed for the next twenty years by 

maximum day demand 36.58l/s (see table 4.4 above). 

The other infra structures that are reservoir capacity and distribution pipelines should be 

designed by the peak hour demand. Using sequent peak method tank capacity is 

determined for the next twenty years as follows. 

Table 4. 5: Sequent Peak Algorithm analysis result of service reservoir for the next 20 years 

Time 

[hr.] 

Demand 

Pattern 

Supply 

(m3/hr.) 

Peak 

Hour 

Demand 

(m3/hr.) 

Demand 

Variation 

(m3/hr.) 

Surplus Deficient 
Cumulative 

Surplus 

Cumulative 

Deficit 

1 0.3 131.69 263.38 79.01 52.676   53   

2 0.3 131.69 263.38 79.01 52.676   105   

3 0.3 131.69 263.38 79.01 52.676   158   

4 0.3 131.69 263.38 79.01 52.676   211   

5 0.3 131.69 263.38 79.01 52.676   263   

6 0.7 131.69 263.38 184.37   -52.68   -53 

7 1.1 131.69 263.38 289.72   -158.03   -211 

8 1.9 131.69 263.38 500.42   -368.73   -579 

9 1.7 131.69 263.38 447.75   -316.06   -895 

10 1.5 131.69 263.38 395.07   -263.38   -1159 

11 1.5 131.69 263.38 395.07   -263.38   -1422 

12 1.4 131.69 263.38 368.73   -237.04   -1659 

13 1.4 131.69 263.38 368.73   -237.04   -1896 

14 1.3 131.69 263.38 342.39   -210.70   -2107 

15 1.2 131.69 263.38 316.06   -184.37   -2291 
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B7 1.5 131.69 263.38 395.07   -263.38   -2555 

17 1.6 131.69 263.38 421.41   -289.72   -2845 

18 1.7 131.69 263.38 447.75   -316.06   -3161 

19 1.3 131.69 263.38 342.39   -210.70   -3371 

20 1 131.69 263.38 263.38   -131.69   -3503 

21 0.7 131.69 263.38 184.37   -52.68   -3556 

22 0.5 131.69 263.38 131.69 0.00   0   

23 0.4 131.69 263.38 105.35 26.338   26   

24 0.3 131.69 263.38 79.01 52.676   79   

            
Maximum 

Sag 

Maximum 

Hag 

Reservoir 

Capacity (m3) 

            263 3,556 3,819 

 

Figure 4. 8: Reservoir Sequent Peak Algorithm 

Accordingly, tank capacity should be 3,819m
3
 elevated tank. The distribution pipelines 

should also be designed by 73.16L/s. 
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 CHAPTER 5: CONCLUSION AND RECOMMENDATIONS 

5.1. Conclusion 

Tare Town is category five town according to GTP2 with current population of 10,894 

that is less than 20,000. The town currently has one 91m deep borehole yielding 3l/s as 

water supply source. The submersible pump fixed to the borehole to lift water has 148.6m 

head and discharge of 3l/s. The pressure line pipe between borehole and reservoir (tank) 

is 810m with diameter DN 50mm GS pipes and total distribution pipe network of the 

water supply system is about 4km with diameter ranging from 62.5mm to 25mm GS and 

some HDPE pipes. The capacity of existing reservoir is only 75m3. It is located at 

elevation of below or equal to the elevation of significant number of residential 

population. 

Generally the major problems of Tare Town water supply system are: 

 The current water supply source demand is 13.57l/s while the current supply is 

only 2.5l/s, which is by far below the demand and the major cause of the severe 

water supply shortage. 

 The reservoir is also very small that is 75m3 while the current required is 

minimum 1,417m
3
. It is located at elevation of below or equal to the elevation of 

significant number of residential population. 

 Hence almost all the residents west majority of their time going long distance to 

fetch water about 4km far away from the town. 

 In this study, high velocity explains the hydraulic performance inefficiency of the 

pipe distribution network to satisfy the current high demand that appears due to 

the undersized pipes to pass the required flow to satisfy the current demand. 

 The negative pressure identified in the existing water supply system is also shows  

the hydraulic performance inefficiency which occurred mainly because of 
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eemptying of storage tanks, or draining of the system as a result of very high 

demands than the design demand (negative Q demand) and pipes of inadequate 

capacity (too small diameter). In addition, it was caused by low reservoir 

elevation, very low source supply compared to the demand and the existing pump 

has been operating only 20 hours a day. It is also caused by small coverage of the 

water supply system of the town. 

 The pipe network lied across residential houses without following the town 

master plan. This causes maintenance and operation of the system difficult. 

 The town water supply service has no formal administrative and technical 

institution so that the service delivery and facility management is very poor. 

The problems identified by this research are the acute water supply shortage that was 

high gap (negative demand) between the current demand and existing water supply, very 

limited coverage of the existing water supply system, hydraulic performance inefficiency 

of the existing water supply and poor service delivery and facility management. 

Moreover, the predicted average daily demand for the next twenty years is 2431.30m
3
/d 

or 28.14l/s. Also the water supply system that are source pumping requirement, size of 

the rising main and treatment plant (if applicable) have to be designed for 36.58l/s, 

storage tank  capacity should be 3,819m
3
 elevated tank and distribution network have to 

be designed for 73.16l/s .   

5.2. Recommendations 

The following recommendations have been proposed to solve the water supply problems 

of Tare Town: 

 New water supply system for the whole town should be designed and 

constructed to satisfy the big water demand of the town. 

 Exploring and providing the source that can supply a minimum of 36.58l/s 
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according to the seasonal peak demand including peak day factor. 

 New water supply pressure line should designed and constructed considering 

the predicted 36.58l/s (maximum day demand) and distribution pipe network 

considering the predicted 73.16l/s (peak day demand) with appropriate size, 

fittings and hydraulic performance capacity following the town master plan that 

covers all the part of the town.  

 At least 3,819m
3
 capacity-elevated tank and enough head and discharge pumps 

considering 36.58l/s (maximum day demand) that can make water available to 

every part of the town and population of the study area should be constructed 

and fitted respectively. 

 Independent institution that comprises appropriate administrative and technical 

professionals and with appropriate office facility has to be established and set 

up for the water supply service of the town. 

 Further investigation is recommended for the remaining study gap by other 

researcher.  
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ANNEXES 

Annex-1: Location and Elevation Data of the whole water supply system Collected 

by GPS 

System Components Pipe Network and System Component XYZ 

Coordinates 

X Y Z 

Bore Hole 459476 942668 2155 

  459395 942668 2150 

  459295 942690 2152 

  459203 942708 2155 

  459082 942738 2170 

  458921 942764 2179 

  458862 942778 2191 

Reservoir 458695 942783 2204 

2 1/2" 458688 942841 2203 

  458682 942939 2196 

  458672 943016 2187 

  458650 943038 2189 

Water point4 458666 943040 2189 

  458695 943071 2189 

  458705 943089 2191 

  458552 943213 2184 

  458566 943228 2183 

  458753 943046 2187 

  458762 943069 2186 

  458960 942969 2176 

  458967 942988 2174 

WP3 458938 942975 2176 

  458960 942972 2177 

  459082 942951 2170 

  459078 942931 2173 
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  459273 942887 2163 

  459252 942873 2164 

WP2 459612 942738 2159 

  459369 942855 2159 

  459367 942830 2161 

  459702 942690 2155 

WP1 459741 942629 2152 

2" End HDPE 1 1/2" Begin 458525 943244 2183 

  458479 943299 2179 

  458404 943396 2175 

  458364 943444 2176 

1.5" HDPE End 458310 943505 2180 

Waterpoint5 458304 943499 2180 

1.5"  GS Pipes 459046 942943 2176 

Health Center 459070 942796 2172 

  459063 942730 2173 

  459014 942660 2170 

Offices 458944 942608 2172 

  458896 942567 2174 

  458791 942470 2176 

End 458714 942404 2177 
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Annex-2: Summary of Tare Town water Supply demand for the year 2019 

DESCRIPTION UNIT YEAR 

RESEARCH YEAR Year 2019 

Projected Population No. 10,894 

Demand Coverage by Service Type     

HTU % 1.30% 

YTU % 20.70% 

PTU % 78.00% 

Population Served by     

HC No 142 

YT No 2255 

PT No 8497 

Domestic Demand     

Per capita Demand     

HC l/c/d 50 

YT  l/c/d 45 

PT l/c/d 40 

Total Domestic Demand 
m3/d 448.45 

l/s 5.19 

Socio-economic Factor   1.00 

Climate Factor   1.00 

Adjusted Total Domestic Demand 
m3/d 448.45 

l/s 5.19 

Current Public Water Demand m3/d 22.36 

Animal Water Demand m3/d 223.00 

Industrial Demand (20% of total Municipal 

Water Demand) 
m3/d 0.00 

Total Average Demand 
m3/d 693.81 

l/s 8.03 

Unaccounted For Water (Loss) [30%] 
m3/d 208.14 

l/s 2.41 

Total Average Day Demand 
m3/d 901.95 

l/s 10.44 

Maximum Day Factor   1.30 

Maximum Day Water Demand 
m3/d 1172.54 

l/s 13.57 

Peak Hour Factor   2.00 

Peak Day Water Demand 
m3/d 2345.08 

l/s 27.14 

Total Yearly Average Demand 
m3/year 329213.56 

l/s 10.44 
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Annex-3: Nodal Demand Data  

Label 

(Node)

Elevation 

(m)

Hydraulic 

Grade (m)

Number 

of HHs 

Per Node 

or WP 

Number 

of Users

Per Capita 

Domestic 

Demand 

(L/S)

Total 

Domestic 

Demand 

Per Node 

(L/S)

Puplic Water 

Demand (5% 

of Total 

Domestic 

Demand (L/S)

The Current 

Animal Water 

Demand  is 

49.73% of the 

Total Domestic 

Demand (L/S)

Total 

Average 

Water 

Demand 

(L/S)

UFW is 30% 

of Total 

Average 

Water 

Demand (L/S)

Total Average 

Current 

Demand Per 

Day PerNode 

(L/S)

Total Average 

Current Supply Per 

Day Node (L/S) is 

23.95% of Current 

Total Average 

Demand  

BH 2,155.0 2249.60 0 0 0.000476 0.00 0.000 0.00 0.00 0.00 0.00 0.00

J-1 2,161.0 2157.61 0 0 0.000476 0.00 0.000 0.00 0.00 0.00 0.00 0.00

J-2 2,161.0 2158.81 20 100 0.000476 0.05 0.002 0.02 0.07 0.02 0.10 0.02

J-3 2,161.5 2160.07 23 115 0.000476 0.05 0.003 0.03 0.08 0.03 0.11 0.03

J-4 2,162.0 2161.77 29 145 0.000476 0.07 0.003 0.03 0.11 0.03 0.14 0.03

J-5 2,164.0 2167.22 32 160 0.000476 0.08 0.004 0.04 0.12 0.04 0.15 0.04

J-6 2,163.0 2167.21 26 130 0.000476 0.06 0.003 0.03 0.10 0.03 0.12 0.03

J-7 2,161.5 2160.97 20 100 0.000476 0.05 0.002 0.02 0.07 0.02 0.10 0.02

J-8 2,159.0 2159.26 0 0 0.000476 0.00 0.000 0.00 0.00 0.00 0.00 0.00

J-9 2,155.0 2158.83 26 130 0.000476 0.06 0.003 0.03 0.10 0.03 0.12 0.03

J-10 2,176.0 2168.18 20 100 0.000476 0.05 0.002 0.02 0.07 0.02 0.10 0.02

J-11 2,177.0 2168.91 0 0 0.000476 0.00 0.000 0.00 0.00 0.00 0.00 0.00

J-12 2,181.5 2169.98 30 150 0.000476 0.07 0.004 0.04 0.11 0.03 0.14 0.03

J-13 2,189.0 2171.95 26 130 0.000476 0.06 0.003 0.03 0.10 0.03 0.12 0.03

J-14 2,191.0 2171.68 25 125 0.000476 0.06 0.003 0.03 0.09 0.03 0.12 0.03

J-15 2,175.5 2168.77 26 130 0.000476 0.06 0.003 0.03 0.10 0.03 0.12 0.03

J-16 2,189.0 2178.12 0 0 0.000476 0.00 0.000 0.00 0.00 0.00 0.00 0.00

J-17 2,199.0 2197.16 20 100 0.000476 0.05 0.002 0.02 0.07 0.02 0.10 0.02

J-18 2,187.3 2221.70 6 30 0.000476 0.01 0.001 0.01 0.02 0.01 0.03 0.01

J-19 2,176.4 2167.53 23 115 0.000476 0.05 0.003 0.03 0.08 0.03 0.11 0.03

J-20 2,177.0 2167.35 7 35 0.000476 0.02 0.001 0.01 0.03 0.01 0.03 0.01

J-21 2,183.0 2171.60 26 130 0.000476 0.06 0.003 0.03 0.10 0.03 0.12 0.03

J-22 2,184.0 2171.59 20 100 0.000476 0.05 0.002 0.02 0.07 0.02 0.10 0.02

J-23 2,182.1 2164.98 24 120 0.000476 0.06 0.003 0.03 0.09 0.03 0.11 0.03

J-24 2,180.0 2160.99 0 0 0.000476 0.00 0.000 0.00 0.00 0.00 0.00 0.00

WP1 2,161.0 2157.47 360 1800 0.000476 0.86 0.043 0.43 1.33 0.40 1.72 0.41

WP2 2,159.0 2159.11 355 1775 0.000476 0.85 0.042 0.42 1.31 0.39 1.70 0.41

WP3 2,176.0 2168.77 380 1900 0.000476 0.91 0.045 0.45 1.40 0.42 1.82 0.44

WP4 2,189.0 2177.32 340 1700 0.000476 0.81 0.040 0.40 1.25 0.38 1.63 0.39

WP5 2,180.0 2160.44 315 1575 0.000476 0.75 0.038 0.37 1.16 0.35 1.51 0.36

2179 10895 0.000476 5.19 0.260 2.58 8.03 2.41 10.44 2.50Total  
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Annex-4: Velocity in the existing system network when current supply is loaded to the demand-nodes 
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Annex-5: Velocity in the existing system network when current demand is loaded to the demand-nodes 
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Annex-6: Pressure in the existing system network nodes when current supply is loaded to the demand-nodes 
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Annex-7: Pressure in the existing system network nodes when current demand is loaded to the demand-nodes 
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Annex-8: The Detail of predicted water demand of Tare Town for twenty years (2020-2039) 

S.N. Description Unit Base Year

Year Year 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039

Projected Population No. 10,894 11,365 11,801 12,283 12,784 13,305 13,848 14,182 14,727 15,292 15,879 16,489 16,808 17,427 18,068 18,733 19,423 19,519 20,200 20,905 21,635

Medium Variant Population 

Growth Rate (%)
% 4.32 4.32 4.08 4.08 4.08 4.08 4.08 3.84 3.84 3.84 3.84 3.84 3.68 3.68 3.68 3.68 3.68 3.49 3.49 3.49 3.49

Nth Year No 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Demand Coverage by Service 

Type

HTU % 1.30% 2.00% 2.70% 3.40% 4.10% 4.80% 5.50% 6.20% 6.90% 7.60% 8.30% 9.00% 9.70% 10.40% 11.10% 11.80% 12.50% 13.20% 13.90% 14.60% 15.30%

YTU % 20.70% 22.00% 23.30% 24.60% 25.90% 27.20% 28.50% 29.80% 31.10% 32.40% 33.70% 35.00% 36.30% 37.60% 38.90% 40.20% 41.50% 42.80% 44.10% 45.40% 46.70%

PTU % 78.00% 76.00% 74.00% 72.00% 70.00% 68.00% 66.00% 64.00% 62.00% 60.00% 58.00% 56.00% 54.00% 52.00% 50.00% 48.00% 46.00% 44.00% 42.00% 40.00% 38.00%

Population Served by

HC No 142 227 319 418 524 639 762 879 1016 1162 1318 1484 1630 1812 2006 2211 2428 2577 2808 3052 3310

YT No 2255 2500 2750 3022 3311 3619 3947 4226 4580 4955 5351 5771 6101 6553 7029 7531 8060 8354 8908 9491 10104

PT No 8497 8637 8733 8843 8949 9048 9140 9077 9131 9175 9210 9234 9077 9062 9034 8992 8934 8588 8484 8362 8221

1 Domestic Demand

Per capita Demand

HC l/c/d 50 50 50 50 50 50 50 50 50 50 50 70 70 70 70 70 70 70 70 70 70

YT l/c/d 45 45 45 45 45 45 45 45 45 45 45 50 50 50 50 50 50 50 60 60 60

PT l/c/d 40 40 40 40 40 40 40 40 40 40 40 45 45 45 45 45 45 45 50 50 50

m3/d 448.45 469.36 488.98 510.59 533.14 556.69 581.28 597.21 622.13 648.08 675.11 807.97 827.65 862.29 898.36 935.91 975.01 984.54 1155.26 1201.22 1248.98

l/s 5.19 5.43 5.66 5.91 6.17 6.44 6.73 6.91 7.20 7.50 7.81 9.35 9.58 9.98 10.40 10.83 11.28 11.40 13.37 13.90 14.46

Socio-economic Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Climate Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

m3/d 448.45 469.36 488.98 510.59 533.14 556.69 581.28 597.21 622.13 648.08 675.11 807.97 827.65 862.29 898.36 935.91 975.01 984.54 1155.26 1201.22 1248.98

l/s 5.19 5.43 5.66 5.91 6.17 6.44 6.73 6.91 7.20 7.50 7.81 9.35 9.58 9.98 10.40 10.83 11.28 11.40 13.37 13.90 14.46

2

Public Water Demand 

20L/HH/d
m3/d 43.58 45.46 47.20 49.13 51.13 53.22 55.39 56.73 58.91 61.17 63.52 65.96 67.23 69.71 72.27 74.93 77.69 78.08 80.80 83.62 86.54

3 Animal Water Demand m3/d 223.00 223.00 223.00 223.00 223.00 223.00 223.00 223.00 223.00 223.00 223.00 223.00 223.00 223.00 223.00 223.00 223.00 223.00 223.00 223.00 223.00

m3/d 715.03 737.82 759.18 782.72 807.28 832.91 859.67 876.94 904.04 932.25 961.63 1096.93 1117.88 1155.00 1193.63 1233.84 1275.70 1285.62 1459.06 1507.84 1558.52

l/s 8.28 8.54 8.79 9.06 9.34 9.64 9.95 10.15 10.46 10.79 11.13 12.70 12.94 13.37 13.82 14.28 14.77 14.88 16.89 17.45 18.04

5

Idustrial Demand (20% of total 

Municipal Water Demand)

m3/d 0.00 147.56 151.84 156.54 161.46 166.58 171.93 175.39 180.81 186.45 192.33 219.39 223.58 231.00 238.73 246.77 255.14 257.12 291.81 301.57 311.70

6 m3/d 214.51 265.61 273.31 281.78 290.62 299.85 309.48 315.70 325.45 335.61 346.19 394.89 402.44 415.80 429.71 444.18 459.25 462.82 525.26 542.82 561.07

l/s 2.48 3.07 3.16 3.26 3.36 3.47 3.58 3.65 3.77 3.88 4.01 4.57 4.66 4.81 4.97 5.14 5.32 5.36 6.08 6.28 6.49

m3/d 929.54 1151.00 1184.32 1221.04 1259.36 1299.35 1341.08 1368.02 1410.29 1454.31 1500.14 1711.20 1743.89 1801.79 1862.06 1924.80 1990.10 2005.57 2276.13 2352.23 2431.30

l/s 10.76 13.32 13.71 14.13 14.58 15.04 15.52 15.83 16.32 16.83 17.36 19.81 20.18 20.85 21.55 22.28 23.03 23.21 26.34 27.22 28.14

Maximum Day Factor 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30

m3/d 1208.40 1496.29 1539.62 1587.35 1637.16 1689.15 1743.41 1778.43 1833.38 1890.61 1950.19 2224.57 2267.06 2342.33 2420.68 2502.24 2587.13 2607.24 2958.97 3057.90 3160.68

l/s 13.99 17.32 17.82 18.37 18.95 19.55 20.18 20.58 21.22 21.88 22.57 25.75 26.24 27.11 28.02 28.96 29.94 30.18 34.25 35.39 36.58

Peak Hour Factor 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00

m3/d 2416.79 2992.59 3079.24 3174.70 3274.32 3378.30 3486.81 3556.85 3666.77 3781.21 3900.37 4449.13 4534.13 4684.66 4841.36 5004.47 5174.26 5214.48 5917.94 6115.80 6321.37

l/s 27.97 34.64 35.64 36.74 37.90 39.10 40.36 41.17 42.44 43.76 45.14 51.49 52.48 54.22 56.03 57.92 59.89 60.35 68.49 70.78 73.16

m3/year339280.55 420113.18 432278.40 445678.88 459664.62 474261.07 489494.78 499327.36 514757.67 530823.97 547552.36 624589.73 636521.43 657654.20 679652.29 702550.78 726386.13 732032.14 830787.53 858564.48 887423.02

l/s 10.76 13.32 13.71 14.13 14.58 15.04 15.52 15.83 16.32 16.83 17.36 19.81 20.18 20.85 21.55 22.28 23.03 23.21 26.34 27.22 28.14

Nth Year Prediction Result

Peak Day Water Demand

Total Yearly Average 

Demand

Total Domestic Demand

Adjusted Total Domestic 

Demand

Total Average Demand

Unaccounted For Water 

(Loss) [30%]

Total Average Day Demand

Maximum Day Water Demand

 


