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. الحمد لله رب العالمين حمداً لشُكرهِ أداءً ولحقهِ قضاءً، ولِحُبهِ رجاءً ولفضلهِ نماءً ولثوابهِ عطاءً   

لم تكن هذه الرحلة ممكنة من دون دعم عائلاتنا و أساتذتنا و أصدقائنا , لعائلاتنا نشكركم على تشجيعنا على السعي وراءنا  

و إلهامنا لمتابعة أحلامنا وتكريس حياتكم لمصالحنا , و أملنا الوحيد هو أن نتمكن من سداد جهودكم منذ الولادة , نأمل أن  

اه في هذا العمل. لأساتذتنا نعرب عن إمتناننا لإخلاصكم لنا منذ بداية الرحلة التعليمية في تكونوا فخورين بنا لما أنجزن 

ي مجال البحث العلمي , المدرسة وصولاً إلى أساتذة الجامعة في قسم الهندسة المدنية الذين لم يدخروا جهداً في مساعدتنا ف

الذي كان الداعم الأول لفكرة المشروع ,   نهاد المصري محمد  و خاصة الأستاذ المتميز و مشرف مشروع التخرج الدكتور

تصميم  شكراً لإيمانك بقدراتنا و طاقاتنا , شكراً لتوجيهاتك و لإيمانك بضرورة اتخاذ هذه الخطوة الفريدة من نوعها و هي 

اتذة رائعين مثلكم.. نملك كل الفخر أن حظينا بالتتلمذ على يدي أسشبكه توزيع المياه للمناطق التي تفتقر تلك الشبكة   

 

إلى جميع زملائنا و عائلتنا الكبيرة في قسم الهندسة المدنية لكم منا كل الشكر على مشاركة سنوات الدراسة المرهقة و  

معلومات اللازمة لاستمرار  على تقديم الدعم المعنوي و كامل القسم الهندسة في بلدية جنين الممتعة كذلك. شكراً إلى الأخ 

لك منا كل الشكر على التعاون في توفير كافة المعلومات في أسرع   محمد نهاد المصريقصير. إلى الدكتور المشروع دون ت

 وقت و أفضل جودة.

إلى من مر بحياتنا و لم يكن مجرد عابر , كل الشكر من القلب على كل شيء كل الشكر على الوقوف بجانبنا في الظروف 

.قيق المشروع على أرض الواقع بإذن اللهالصعبة شكراً على توجيهاتكم. على أمل تح   
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Abstract:  
 Water is important for life. without water we cannot perform the main vital functions. and in 

order to perform the main vital functions, water must be consumed. and in order for us to consume 

water, it must arrive from its source to us. there must be a properly designed and implemented 

water distribution network. 

 

In this project, the water distribution network of Al-Kahlishah will be design. Al-Kahlishah area is 

located 5 Km from the center of Jenin. the total surface area is about 780 Dunum  It  rises around 

250 m above mean sea level. 

 

Because of the lack of a water distribution network, the residents of the area resorted to other 

sources to obtain drinking water, which increases the cost of water for the people of the area. in 

addition to the lack of other sources permanently. 

 

Based on the above, we designed a water distribution network for the Al-Kahlishah area by 

pumping water from a well belonging to the Municipality of Jenin, sufficient to meet the needs of 

the residents of the area. 

 

We visited the Al-Kahlisha area, collected information, and conducted interviews with the 

residents of the area to find out the water needs of individuals and to see the nature and 

topography of the area.  

 

After that, we inserted the area maps and contour lines into the (GIS) program to obtain the shape 

of the existing and proposed streets in order to know the initial shape of the network. 

 

We entered this information into the (WaterCAD) program to calculate the appropriate diameters 

and pumps to design the network work at the best efficiency. 
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1.1. Background:  
Water is a needed for all living things, from the most basic to the most sophisticated, like 

humans. Our everyday lives depend on water. Living on earth is impossible without 

water. 

   30ة سورة الأنبياء آي(( أفلا يؤمنون   وَجَعلنََا مِنَ الْمَاء كُلَّ شَيْءٍ حَيٍ ))قال تعالى:    

Hence, everyone has the right to have enough, and good quality water to meet their own need 

to have a normal basic life 

The water distribution network in cities generally consists of three types of pipes according to 

their function: transmission lines that transport water from the main collection tanks (or 

purification plant) to the distribution system, and distribution mains that transport water 

through transmission pipes and distribute it in throughout the city, and service pipes branching 

from the distribution pipes and transporting water from them to consumption sites such as 

buildings, industrial facilities, and others.  

Residents who live in areas deprived of a water distribution network suffer from difficulty in 

obtaining water. They use secondary sources in order to obtain water, such as distribution tanks 

on homes or rainwater collection wells, which increases the cost of obtaining water, which is 

one of the highest human rights 

In this project, we designed a water distribution network for the Al-Kahlisha area, which has an 

area of about 780 dunums, where the residents of that area suffer from the lack of a water 

distribution network and resort to other ways in order to obtain water, which constitutes an 

additional burden on the residents of the area and additional costs to obtain water, which is the 

basis of life. 

  

  

1.2. Objectives:  
    The objectives of this graduation project are: 

1. To determine the water demand for Al-Kahlisha area. 

2. Design of a water distribution network for the Al-Kalisha area. 
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1.3. Methodology:  
    

 

             

   

                     Figure 1.1: Representation of Methodology . 
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     1.3.1 Selection of the project idea:  

    The idea of this project is based on providing a service that is not currently available to resident.               

by providing all information, designs and drawings for a new network for distributing potable water       

and providing everything necessary for the implementation party, which is mostly the Municipality 

of Jenin. 

1.3.2 Selection of the study area:  
     Al-Kahlisha area is not have WDN and the people living in this area used another way to 

get water because it is a new residential area, residents have recently come to it and use 

primitive water WDN. This increases the cost to get the water and not be avalible at any time. 

Therefore, it was selected to analyze and design the water distribution network.  

1.3.3 Data collection:  
    The data in this project was collected with the help of :  

- Engineers and crews of the water department  in Jenin Municipality  

- Ministry of Local Government  

- A field visits to the project site 

- Geomolg online website  

We collected information about the water sources in Jenin as well as the water consumption rate 

from Jenin municipality. We obtained from the Palestinian Central Census the population in the 

studied area as well as the rate of personnel in the Palestinian family. We extracted from the 

Geomolg the shapefiles of the area. We identified the coordinates of the reservoir in the space and 

information about the wells and water consumption in the area through field visits and asking 

questions to the residents of the area. 

1.3.4 Data input/entry to network using WaterCAD :  
We designed a water distribution network that will serve the area for the largest expected number of 

residents in the future by pumping water from an underground well that meets the needs of the 

residents of that area. Design will be in accordance with the required standards and constraints in 

terms of pressure, velocity and use of suitable diameter for pipes. 
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2.1 Location and Topography:  

Al-Kahlisha is a Palestinian small area located in the West Bank, It is located 5 Km south 

of Jenin City. The total area of Al-Kahlisha is  about 0.781 𝐾𝑚2. It is bounded by Qabatia 

from east. The area lies between 200m to 300 m above mean sea level.  

  

Figure 2.1: Location of Al-Kahlisha with refernces to neighboring villages  

  

 

2.2 Climate:  
Climate of Al-Kahlisha area is similar to surrounding towns, and this is due to the great 

similarity in the environmental and natural terrain between them. Moderate climate, rainy 

in winter, while hot and dry in summer.  

The annual average temperature in summer is 32 Cº and 3 Cº in winter. The mean rainfall 

in the town is around 370 mm.  
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2.3 Land use:   
The patterns of land use in the area of Kahlisha are classified into different categories, 

Palestinian urban areas, forest sites and agricultural areas, where these lands are planted with 

olive trees.   

2.4 Population:  
According to Palestinian central bureau of statistics  , and according to the data of Jenin 

Municipality the total population in Al-Kahlisha was 450 capita in 2023. Most of the 

Resident   are employed in several fields, while others work in trade and self-employment. 

We calculated the expected future population for this region. Where we calculated the 

surveyed area to be built on, which is equal to about 51,600 square meters, and we 

assumed that the area of each residential unit is equal to 1000 square meters, and each 

residential unit consists of two apartments, and we assumed that the number of floors 

allowed to be built is four floors (according to the classifications of the municipality), 

and we assumed that the number of people The family is five members (according to the 

Palestinian census data). 

We calculated the number of residents as the largest possible number that could live in 

this area in order to obtain the largest diameter of pipes in a way that would serve the area 

if the population number reached this number. and as a result: 

Total residential area(m2)= 516000  

Assume every residential units = 1000(m2) 

Then: total number of  residential units = 516000/1000 = 516 units 

↓ 

total number of floors = 516* 4 =2064 floors 

↓ 

  total number of apartment = 2064* 2 = 4128 apartments (families)  

↓ 

 total number of persons = 4128 * 5 = 20640 persons 
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3.1 Water Resources:  
Water in Al-Kahlisha  area supplied to people is from private )Alawneh well( underground 

water well. And the other source is collection house wells.  

3.2 Water Tank: 
The area contains one main tank made of steel structure in addition to three tanks supplying the 

main tank, with a total capacity of 150 mᶾ. It is the main water resource in the area, where water is 

pumped from a groundwater well to reservoirs for subsequent distribution to the water network. 

Located on a mountain with an altitude of 260 meters above sea level. 

 

 3.3 Water demand:  
Water demand can be defined as the amount of water needed by the people serving this 

network. To estimate the expected number to the maximum capacity population of the area 

which equals 20640 capita. 

To estimate the per capita consumption rate, we visited the Municipality of Jenin to find out 

the statistics of water consumption of the residents of that area, and we adopted the 

consumption rate of 100 liters per capita per day. 

 

3.4 Design of the Network using WaterCAD:  
The world is now going through a technological revolution in both everyday life and engineering. 

Programs relating to water work have made significant progress.  WaterCAD is an engineering 

program that streamlines the analysis and design of a water network so that everyone in the field 

of water engineering uses it or a program very much like it.  The engineer can create a network 

model and place it in the proper location using the network's coordinates. He can then input data 

into the program, run the model, and watch as issues, descriptions, and results of the network 

materialize. 

  

3.4.1 Capabilities of WaterCAD:   
1) WaterCAD can import files from other programs such as GIS and AutoCAD.   

2) Draw grid quickly and easily to save time.   

3) Make an exchange such as deleting or adding to the network.  

4) WaterCAD can show errors in the model then it can be edited.   
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3.4.2 Equations Used in WaterCAD:  
1) Darcy-Weisbach equation:   

Darcy-Weisbach equation concern with head loss, which is results from friction along the 

length of the pipe and its relation with velocity and diameter.  

 

Where:  

             hf: Head loss (m)  

             F: coefficient of friction.  

             L: tube length (m).   

             D: The diameter of the tube (m).   

             V: velocity (m / s).   

             g: gravitational acceleration = 9.81 m/s2  

2) Hazen - William Equation:  

 It is an empirical formula, which relates the flow of water in a pipe with the physical 

properties of the pipe and the pressure drop caused by friction.  

     

Where:   

hf: Head loss (m).  

L: pipe length (m).  

D: pipe diameter (m).  

Chw: Hazen - william coefficient.  

Q: the flow rate (m3 /s).  

K: 10.685 for SI units and 1.21 * 1010 for Q in L / s & D in mm.  
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3) Energy equation:  

 The main principle that the whole work build in.   

 

There is conservation energy between any two points in the system where:  

 P: Water pressure (KPa).   

γ: Specific weight of water 9810 (N / m).   

V: Velocity of water (m/s).   

g: Acceleration due to gravity 9.81 (m/s2).  

Z: Elevation (m)  hp: Head of pump (m).  

h1: Head loss due to friction and local losses (m).  

    

4) Continuity equation:   

The algebraic sum of flow rates in the pipes that meet at a node together with any external 

flows is zero   

Q1 + Q2 = Q3 + demand.  

Where:  

 Q is the flow in the tubes (m3/s).   

Figure 3.1 illustrates the concept of the continuity equation.  

  

Figure3.1 : Continuity at node  
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5) Energy conservation:  

 For all paths around closed loops the accumulated energy loss including minor losses minus 

any energy gain or heads generated by pumps must be zero. Figure 3.2 shows the concept 

of the head loss in a loop.  

  

  

Figure3.2 : head loss in a loop  

So, if we apply energy conservation principle we will obtain this: - hf1 - hf4 + hf3 + hf2 = 0 

 3.4.3 The Area in WaterCAD  

The shapefile is listed for the road network and then draws the network of pipes on it. 

 

 
 

Figure 3.3: The current road network from the municipality 
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Figure3.4: Contour map of Al-Kahlisha area 
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The elevation of the nodes and the reservoir should be entered into WaterCAD using contour 

shape file and the TRex tool, the junctions and the reservoir elevation was computed as shown 

in the following figures 

                                                                                      

Figure3.5: Elevation of nodes definition 

 

 
                                                                    

Figure3.6: Elevation of reservoir definition 
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 3.4.4 Create demand area using GIS program: 

  WDN exported from WaterCAD to GIS software for drawing service areas (demand 

area). 

                                       Figure3.7: Demand area for Al--Kahlisha area 
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3.4.5 Thiessen polygon: 

The THIESSEN POLYGON METHOD has been used to determine the amount of demand 

for each node, which is made by dividing the demand area into spaces so that each node 

takes a certain area from the demand area. 
 

 
Figure3.8: Demand area distribution for each node 
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  To have waterCAD calculate each junction demand the load builder is used, the used option is 

the area load data, proportional distribution by area where each node have a Thiessen polygon 

calculated previously. 

Figure3.9: proportional distribution by area 
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Figure3.10: Demand for each node 

 

                                                                         Figure3.11: Statistics for all nods 
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3.5.1 Define Pipe material and Hazen-William: 

 

 

 

Figure 3.12: Define Pipe material and Hazen-William 
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3.5.2 Add Valves and pumps 

 
 

Figure 3.13:Add valves and pumps 
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3.5.3 Check problems 
 

 

 

Figure 3.14:Vaildate Check 

3.5.4 Run the Models 

Figure 3.15: Run Model 
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After completing the design for the water distribution network, an analysis was made on the results 

and the existing problems in velocity and pressure were solved, then we calculated the sum of the 

lengths for each diameter separately. The table below (see Table 4.1) shows  the sum of  total length 

of each pipe diameter . 

 

 

Table 4.1: length of each diameter  
 

 

 

 

 

 

 

 

 

 

 

We have adopted velocity and pressure constraint in the design process, each of which is as follows: 
 

Table 4.2: constraint velocity and pressure 
 

 

 

 

 

 

 

Diameter   

(inch) 

Total length  

(m) 

2 5,286 

4 1,810 

6 520 

Total 7,616 

 Max  Min  

Velocity (m/s) 3 .03 

Pressure (m H20) 80 20 
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The figure above shows the distribution of pipes in the grid by different diameters, where we observe 

the use of 6 inches diameter at the beginning of the grid in the middle of the tank due to the high 

speed and then the speed began to decrease in the limbs and smaller diameters were used in 

proportion to the speed not exceeding 3m/s  

 

 

Figure 4.1 : Network Layout 

 

 
 

 
 

 

 

 



  

  

  

 

33  

  

4.1 Steady results  
The two graphs below show the distribution of points for the chart between (pressure/node) 

and (velocity/node), where we observe the maximum and minimum value of each of them 

which was according to the required criteria, where pressure increases the lower junction fall 

from the tank level, and speed increases the lower the pipe diameter. 

 

Table 4.3 designed result (Steady)   

 

 

 

 

 

 

 

 

Figure 4.2: pressure (steady state)  
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Figure4.3:Velocity (steady state) 
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4.2 Eps case: 
Extended Period Simulation (EPS) type analysis is used when you want to understand the hydraulics 

of a system over a specified period of time. EPS is basically a series of Steady State runs performed 

for multiple time steps. When you analyze a model for steady state analysis the hydraulic results 

obtained are for that particular instance. EPS does this analysis over a period of time.      

The two graphs below show the distribution of points for the chart between (pressure/node) and 

(velocity/node), where we observe the maximum and minimum value of each of them which was 

according to the required criteria, where pressure increases the lower junction fall from the tank 

level, and speed increases the lower the pipe diameter. 

Table 4.4 factor Eps   

 

 

Table 4.5 designed result (Eps 6:00 pm)   

 

 

 

 

 

 

Figure 4.4: pressure (Eps 6:00 pm) 
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Figure4.5:Velocity (Eps 6:00 pm) 

4.3 Discussion: 
 

In this project, a water distribution network is designed to serve and meet the needs of the 

largest number of people in the future in this unserved area. During the design there were 

some problems with pressure and velocity, as the pipe diameters were changed to meet the 

required velocity standards to not exceed (3m/s)  ) Because at high velocity, the pipes wear out, 

and at low velocity, deposition occurs in them) but there were also few velocity (below 

0.3m/s) that were dealt with by reducing the pipe diameter to 2 inches but some velocity 

remained low as well , because is not possible to use a diameter less than 2 inches. On the 

other hand, there was considerable pressure in some areas and little in others, so two pumps 

were placed next to the tank and some of the reducing valves were placed to regulate the 

pressure in the grid to no more than (80mH2O) and no less than (20mH2O) . 
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5.1 Conclusion: 

 The water distribution system is designed to serve the largest expected population by the 

recommended and appropriate standards, thus solving the problem of the lack of a water 

distribution system that regulates and meets the population's water needs and preserves water 

sources in the area. Total population requirement was total demand (3844m3/d) and velocity 

values ranged from ((0.05 – 2.49)m/s) to pressure ((20 – 82)m H2O), and diameter values 

were for pipes(2,4,6 and 8 inches). 

 

5.2 Recommendation: 

We recommend that this project be implemented because of the need of the area under 

consideration for a water system that will facilitate the current and future consumption of water 

and preserve the region's water sources. 

 

We also recommend the design and establishment of a sanitation network serving the 

population and the region. 

 

    We note that many water sources in the region need to be collected and preserved 
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6.2 Appendices 

Appendix 1: 
Table 2: summarized the length, start and end nodes, Diameter, Material, Hazen-Willian 

coefficient, Flow, Velocity and head loss for each pipe. 
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Table 2: summarized the values of Elevation, Demand and Pressure for each node. 
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