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Introduction  

 The water supply industry is vitally important not only to maintain 

the health of the community, but for the sustainability of industry, 

business and agriculture. Without adequate water supplies our present 

society would never have evolved, and our lives today would be 

unrecognizable 

 

 Generally, the distribution system of a small community water supply 

is designed to cater for the domestic and other household water 

requirements 
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Objectives  

 

 Design the looped network for WSS in the residential area located in 

Al-Khobar city 
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Background of The Project  
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South Al Rakah  



Background 
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Background 

 Water distribution systems are designed to adequately satisfy the 

water requirements for a combination of the following demands:  

• Domestic 

• Residential  

• Firefighting 

 

 The system should be capable of meeting the demands at all times and 

at satisfactory pressure 
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Background 
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 N = 𝑁𝑂(e)kt .                                          

When  

e = 2.71828 

N = Future population 

𝑁𝑂 = present population 

K = rate of growth 

t = number of years   

  

 Pn=P+n.c 

When: 

Pn = future population 

P = current population 

N= number of years 

C= rate of change of population with respect 

to time 

  



Background 

Loop network: 

 

Advantages: 

• Reduce the dead ends 

• There are valves on the 
lateral pipes to control the 
network 

• It is easy to extend the 
network 

• The water can reach every 
point in two directions 

Disadvantages: 

• Relatively high initial cost 

• A large number of valves is 
needed 
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Branch network: 

 

Advantages: 

• Simple in design and 

construction. 

• Low cost 

Disadvantages: 

• Dead ends tend to reduce the 

pressure and pollute water 

• There are not enough valves to 

control the network 

• Difficulties in extension of the 

network 

Background 



Backgound 
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ℎ𝑙(pipe) = K𝑄𝑛  

                              n= 2                                 

K= f 
8

𝑔𝜋2 
𝐿

𝐷5 

• Darcy-Weisbach Equation 

 
1. head loss ∶ 

 

 ℎ𝑙 = Head loss 

 K = The constant depending on the length 

 𝑄 = Flow discharge 

  f = Fraction 

 𝐿 = Length of pipe 

 𝐷 = Diameter of pipe  

 



Background 
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1

√𝑓
= −2 log(

𝑒
𝐷

3.7
+ 

2.51

𝑅𝑒 𝑓
 ) 

𝑅𝑒 =
𝑉 ∗ 𝐷

𝜈
 

2.   Fraction: 

Re= Reynolds number 

𝜈= viscosity of water 

𝑉= velocity 

e=0.001524 

 
    



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Methodology  

 Project Description 

 

 Select area 

 The project has the following main features: 

• Located in Al khobar City 

• Land area is 10152.48 m2 
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Figure 5:  The Design of Project Site 



Methodology 

• Number of homes = 5592/465 = 12 homes 

• Average number of persons per home = 10  

• Design of population   

•  N = N0 𝑒𝑘𝑡 = 120 * 2.718280.0205∗30 = 222 
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Figure 5:  The Design of Project Site 

 



Design 
 Assumptions 
 

• Minor calculation did not included in this project 

 

•  Design life cycle was considered 30 years in this design project 

 

• Maximum 2 bar pressure considered for pipe flow 

 [Source : City of Al khobar]  

 

• Diameter of main pipe = 300mm  

                 and Sub-main = 110 mm  

 

• Roughness size of pipe, e = 0.001524 
 [Source : City of Al khobar]  
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Design 

 Assumptions 
 

• Rate of change of population with respect to time constant, [C] = 2.05 
[Source : City of Al khobar]  

 

• Number of Person = 10 Persons per home  

 

• Water demand for other fire, emergency, loss [5% ] was considered to 
be 7000 L/d                       [Source : City of Al khobar]  

 

• Consumption per capita per day [LPCD] = 220  
     [Source : City of Al khobar] 

 

• Safety factor  S.F = 1.5 [Source: City of Al khobar] 
 

 

16 



Design  Limitations 

 
1) Population 

2) Elevation of the pipe 

3) Volume of soil generated for Excavation 

4) Pipe gradient 

5) Quality of water  

6) Design did not include reservoir  

7) Sampling station  

8) Soil conditions 

9) Location and other site specific factors 

10) Pressure of the pipe 

11) Operating and Maintenance cost 

12) Energy conservation 
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Constrains  
 1) Physical and Technical Constraints 

2) Economic and Financial Constraints 

3) Institutional Constraints 

4) Structural Constraints 

5) Climate constraint 

6) The availabilities or accessibility of water sources 

7) Safety 

8) Land availabilities for project implementation 

9) Environmental Constraint 
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Steps Required for the Looped Network Design  
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 Steps for design: 
 
 

Step-1) Data collection  

We collected our all necessary information from municipal of Al 

Khobar, website and Saudi building code. Also the books which were 

related to water supply system, and some published articles  

 

Step-2) Population calculation  

This formulas we used to design the population (after 30 years) were as 

follows: 

 

 

 

    

 
 

 



• Step-3) Design calculation  

 

1.  Discharge calculation 

• Assumed discharge Qa and direction for each pipe.  

• Applied continuity equation at each node,  

        Total inflow = Total Outflow 

2. Calculate equivalent resistance K for each pipe 

𝑘 = 𝑓 ∗
8

𝑔 𝜋2
∗

𝐿

𝐷5
 

To find 𝑓 
1

𝑓
= −2𝐿𝑜𝑔

𝑒/𝐷

3.7
+

2.51

𝑅𝑒 𝑓
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𝑅𝑒 =
𝑉 ∗ 𝐷

𝜈
 



3.   Calculate head loss for each pipe 

       hf=K Qa
n                        𝑘 = 𝑓 ∗

8

𝑔 𝜋2 ∗
𝐿

𝐷5 

4.    Correction factor  

        ∆= 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝑝𝑖𝑝𝑒 

        Qa= assumption of flow  

         N= 2  
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Design Materials 

 Table1 : Pipe Materials 
  

Types 

Pipe Main  (DI) Ductile Iron 

Sub main  (HDPE) High Density Polyethylene  

Valves Check and Gate Valve 

Fire Hydrant Fire Hydrant FHUL 

Bend pipe  90 Degree Bend Pipe,  T pipe 



Design of the Water Supply System 

 

 •  Based on population: 

 

• N = 𝑁𝑂ekt  

     When,  

• e = 2.71828 

• N = Future population 

• 𝑁𝑂 = present population 

• K = rate of growth 

• t = number of years   

 

Total population = N = N0 𝑒
𝑘𝑡 = 120 * 2.718280.0205∗30 = 222 

So Q based on population = 222×220 = 48840  L/d 
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Total water demand calculation 
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Total water demand calculation 

 
Water demand for other fire, emergency and losses = 7000 L/d  

 

Total demand= 48840 + 20000 × 1.5 = 103260 L/d 

 
   

 
 
 
 

Design of the Water Supply System 
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The node (A) is bounded to the north by market of household utensils and at 34227 
Road, to the west by King Fahd and Granada Roads, to the south and west by Saudi 

airlines 

This design showing total nodes, three loops, total Q which calculated based on 
population and loss, emergency, firefighting, also showing the assuming (𝑄𝑎)       

Figure 6: The looped distribution network for WSS  
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: The length and diameter for all pipes       
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LOOP 1  

   
Table 3: Design calculation from Ist Trial   

Table 4: Design calculation from 1st Trial   LOOP 2  
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LOOP 3 

   

Table 5: Design calculation from 1st Trial   



WaterCAD 

• WaterCAD is one of the water network system analysis 

programs with the ability to draw, design and the high 

possibility of reviewing the results and producing the report 

for all elements of the network 
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Average  
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Firefighting  
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Peak 
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Partial Cost Estimation 

 Type of material  Size  Cost form factory  Cost after enforcement  

Pipe (DI) 300mm  270 R.S for 1 meter  500 R.S for 1 meter 

Pipe (HDPE) 110mm 46 R.S for 1 meter 150 R.S for 1 meter 

Pipe house connection  From 40 to 60mm It will cost as one piece from start point to last point from 

600 – 800 R.S. 

Firefighting   150 mm 4300 R.S 

Valve  150 mm 1820 R.S 

Bend  Depend on shape 

 

  

Labour cost for 

Installation  

 

15-30  R.S per meter 

37 



  
Cost Estimation 

 
• Total cost for pipes:  

Total pipes meters = 461.2  

Cost for 1 m = 46 R.S  

So 461.2 * 500 = 231000 R.S for all pipes  
 

• Total cost for firefighting:  

Total firefighting = 2 

Cost for one firefighting = 4300 R.S 

 So 2 * 4300 = 8600 R.S 

 

• Total cost for valve = 1820 * 7 = 12740 R.S 

• The total cost estimation for project is 231000 + 8600 + 12740 = 252340 
R.S  

 

• Approximate Unit Cost = 252340 / 461.2 = 547.14 R.S per meter of the 
length 
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Conclusions 
• Looped network system was considered for the distribution 

system to the considered area located in AL Khobar city 

 

 

• The design was based on the common equation which is the 
energy equation 
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