Chapter Three: Existing Water Supply Network
3.1 Description of the Existing Network: 



The network is relatively a new network. It is performed and constructed in 1999.
Kufr AL-labad rises 330 m above sea level. The lowest node has an elevation =    235 m. The highest node has an elevation = 332.2  m.
3.2 Water Sources available: 



The sources of water in Kufr AL-labad is a well located in the region which is called (AL-khlal). The water is reached to the town by a pump which is far about (3 km) from the tank and the water arrive to the town by a pipe 3 inches.
The town has only one tank. It is an elevated circular tank (20 m), (14 m) stands on the columns, and the rise of water table is (6m) in the tank. So the total elevation of the tank is: (350 m).

3.3 Water Network Problems Evaluation: 



3.3.1 Quantity evaluation: 

From the questionnaire it was found that the period of pumping is continuous. Pumping rate is 35 cubic meter per hour. Water pumped is enough for self’s needs and for their animals and any agricultural needs. Also the pressure of water in the houses is good but losses are high.
3.3.2 Quality evaluation: 

About the quality of supplied water 35 percent described the water as very good and only 5 percent described the water as bad due to the presence of dust and sand.
The loss of water is another problem related to physical losses (leakage) due to damage to distribution system and illegal connections.
According to meter systems the percent of UFW decreases from 40% to 20%.
Where: [[ UFW : Uncounted For Water ]]
3.4 Water Network Calculations: 

· The first step is to put nodes on an AutoCAD water network map using the previous mentioned program, then numbers were given for these nodes, after that the links (pipes) that connect these nodes were given numbers too, then the diameters and lengths of these pipes were obtained by AutoCAD.
The table that contains this data is “Table 1:present Nodes and Pipes” which can be obtained from the appendix.

· The second step was getting the elevations of these nodes; this step done by contours map on AutoCAD.
The Table that contains this data is “Table 2: Nodes Elevations” which can be obtained from the appendix.

· The third step was divided the total area of the region into partial areas, then a table was created showing the number of donums for each area and the nodes that serve this area.

The table that contains this data is “Table 3: Areas and Nodes” which can be obtained from the appendix.
· The forth step was calculating the area that is being served by each node of the network, this step was accomplished by dividing the number of donums for each area by the number of nodes that serve that area from the previous table and putting each number we get by every node that served that area, after that the summation of these numbers by every node was calculated to get the total area that is being served by that node.

The table that contains this data is “Table 4:The Area for Each Node” which can be obtained from the appendix.

· The fifth step was to calculate the densities of the study area (D1, D2, and D3). This was done by assuming: (D2 = 1.5 D1), (D3 = 2.7 D1) 
Total Population = 5000 capita.

Then calculating these densities by this equation:
A1D1+ A2D1+ (3\4)A3D1+ (1\4)A3D3+ A4D3+ A5D3+ A6D3+ A7D3+ A8D3+ A9D3+ A10D3+ A11D3+ (3\4)A12D2+ (1\4)A12D3 + A13D2+ A14D1+ A15D1+ A16D2+ A17D2+ A18D2+ A19D2+ A20D2+ A21D2+ A22D2+ A23D3+ (3\4)A24D2+ (1\4)A24D3 + A25D2+ A26D2+ A27D1+ A28D2+ A29D2+ A30D1+ (1\2)A31D2 +(1\2)A31D3 = 5000

By substituting each symbol by its value, these densities were obtained:

D1 = 1.666 c\donum

D2 = 2.499 c\donum

D3 = 4.499 c\donum

After that these densities were multiplied by the area for each node to get every node’s population, these population were multiplied by 168 (liters per capita per day) to get the demand for each node.
The table that contains this data is “Table 5: Present Population and Demand for Each Node” which can be obtained from the appendix.
Chapter Four : The EPANET Program

4.1: Introduction:


· EPANET is software that models the hydraulic and water quality  behavior of water distribution piping systems. Developed by EPA’s water supply and water resources division. It is a Windows 95\98\NT\XP\Vista\7 program that performs extended-period simulation of the hydraulics and water quality behavior within pressurized pipe networks. A  networks consist of pipes, nodes (pipe junctions), pumps, valves, and storage tanks or reservoirs.

· EPANET tracks the flow of water in each pipe, the pressure at each node, the height  of the water in each tank, and the concentration of a chemical species throughout the network during a simulation period. Chemical species, water age, source, and tracing can be simulated.

4.2 Capabilities:


EPANET provides a fully equipped, extended-period hydraulics analysis package which can:
· Handle systems of any size.

· Compute friction head loss using Hazen-Williams, Darcy-Weisbach, or Chezy-Manning formulas.

· Include minor head losses for bends, fittings, etc.

· Model constant or variable speed pumps.
· Compute pumping energy and cost.

· Model various types of valves including shutoff, check, pressure regulating, and flow control valves.
· Allow storage tanks to have any shape (i.e., diameter can vary with height).

· Consider multiple demand categories at nodes, each with its own pattern of time variation.

· Model pressure-dependent flow issuing from emitters (sprinkler heads). Based system operation on simple tank level or timer controls as well as on complex rule-based controls.
Chapter Five : The Existing Network
5.1. Introduction:



This network was constructed in 1999.
The lowest node has an elevation = (235) m. The highest node has an elevation =  (332.2) m.

5.2. Components of the network:


The existing water supply is a network of pipelines, nodes, tank, without pumps.
5.2.1. Pipes:

The existing water distribution system was designed according to the pressurized gravity system. The network has 124 pipes of different diameters of (25.4, 50.8, 76.2 millimeters). The roughness coefficient it is 120 as reported by C Hazen-Williams roughness coefficient.
5.2.2. Nodes:

 In existing water network, there are 119 nodes, with various elevations.

5.2.3. Tanks:

The network has only one tank, which is in the town.

5.3. Input Data for Steady state


From table (1) the values of length of pipes  and diameter can obtained , and the pips coefficient is 120

From table (2) the elevation for each node can be obtained , and from 

Table (6) the demand for each node can be found.

So, after that all those data can be assigned into EPANET program and by using this software for analysis which use Hazen william as  a head loss formula.

 The results for this analysis can be determined which contains the following data: 

*The pressure at each node. 

*The Total head loss at each node.

*The flow and the velocity in each pipe. 
5.4. Input Data for Unsteady state


In order to make the unsteady state run the demand pattern should be found and the meaning of demand pattern: “is the actual measure for time distribution of water consumption, it means that it’s used to describe how water demand and external source concentration change over time”. Water in Kufr AL-labad is pumping 24 hours per day.

And by using the previous data in the steady state with considering the demand pattern for this study area which is shown in the following table and figure from EPANET, the output data can be determined.
It’s the Demand pattern:
	Hour
	0 – 2
	2--4
	4—6
	6—8
	8—10
	10—12
	12--14
	14—16
	16--18
	18--20
	20--22
	22-24

	Factor
	0.4
	0.3
	0.5
	1.5
	1.5
	1.1
	1
	1.1
	1.2
	1.5
	1.3
	0.6
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Figure (5-1) : demand pattern for unsteady state during a day.
The table that contains the results from this run is “Table 6: EPANET Present  Node Results.” which can be obtained from the appendix.
“Table 7: EPANET Present  Link Results." Which can be obtained from the appendix.
5.5. The current situation of the water network:



5.5.1. Design criteria for water network system:

1. Minimum and maximum allowable velocity (0.1-3 m\sec).
2. Minimum and maximum allowable pressure (20-100 m).
5.5.2. Problems found in the network’s current situation:
According to the results of present Unsteady network, we found some problems that is not acceptable the design criteria, and these problem as the following:
· High pressure at nodes:

1, 3, 5, 99


These nodes have high pressure values because they are located in low-lying areas which make their pressure high, and this make some trouble if any leakage in the network was occur and some time make corrosion in the network.
· Low pressure at nodes:

143, 145
These values don’t mean that water doesn’t reach people; they mean that water takes time before it reaches them, and people who want to get water at the time of pumping can install small pumps at their connections.
· High velocity in pipes:
No high velocity pipes were found in the network.

· Low velocity in pipes :
In general most of the network pipes have low velocity, almost 67% of the pipes have velocity less than 0.1 m\s; because of the dead ends.
Chapter Six: Future Water Supply 
Network
6.1. Introduction:


Any water distribution system must be designed to adequately satisfy the water requirements for combination of domestic, commercial and industrial purposes that are placed on it at all times during the design period.
The population increases and the growth of the district during the last period have an effect on the existing network. The increasing of water demand and the improvement in socio-economic conditions and standards of living has increased the need for more water supplies. Since a future distribution system is expected to provide effective service for many years (in this project taken as 30 years.), the future water demands should be based on estimated future requirements such as future population and future per capita water demands rate.
6.2. Future population:


The present population in Kufr AL-labad is 5000 capita. The population growth rate in this area is considered as (3.0%) according to Palestinian Central  Bureau Statistics (PCBS). The future population in Kufr AL-labd up year 2040 (after 30 years) will be approximately 12136 capita estimated using the following formula:

Where:

Pf : Future population.

Pp : present population.

I : Population growth rate in percent (3.0%).

N : Design period in year (30 years).

Pf = 5000*(1+0.03)^30 = 12136 capita.

6.3. Future water consumption and demand needed:


The future per capita water consumption was considered to be 150 L\C\D as that determined by WHO (World Health Organization). To estimate the future water demand for each node, the nodal resent water demand will multiply by a factor, which equal:

The domestic water consumption forms 90% of the municipal water demand.

Future consumption = 150\ 0.9 = 166.667 L\C\D.

To estimate the future demand we must considered the UFW (Uncounted For Water).

The UFW contained from:

1. Physical losses which equal (15%).

2. Black or illegal losses.

3. Metered losses (incorrect reading).

We use physical losses only to estimate our future demand, since black losses and metered losses was considered in 150 L\C\D.

So;  The future demand = future consumption\ (1- UFW)
                                         = 166.667\ (1-0.15) = 196.07 = 197 L\C\D.

Demand factor = (197\168) * (12136\5000) = 2.8

The present nodes demand multiplied by the demand factor to obtain the future demand in each node.

The table that contains the results of nodal future demand is “Table 8: Future demand for each node.” which can be obtained from the appendix.
6.4. Design criteria:


The water distribution system should have a layout that can:
* Guarantee continuous delivery of sufficient quality of safe drinking water to consumers, by continuous pumping.

* Be economically and financially available, ensuring income for operation maintenance and extension.

* Have sufficient degree of flexibility to respect future condition.

The design  distribution system should be capable to meet the future demands placed on it all the times with satisfactory pressures. No need for very high pressure but pressure that high enough to adequately meet consumer’s needs  and at the same time they should not be excessive, head  pressure should be not more than 100m, and not less than 20m in order to reach multistory buildings in future.

Maximum velocity should not be greater than 3m\sec to avoid pipe corrosion, and minimum velocity should not less than 0.1m\sec.

The future design of water distribution network of Kufr AL-labad  region was established to command the future unsteady state.
The Equation used in EPANET was Hazen-Williams equation; the factor (C) was considered 120 for all pipes.

The pumping is continuous.
The state was stimulated by EPANET and the comments will be performed on the unsteady state outputs (the velocity in each pipe and the pressure at each node).

The table that contains the results from this run is “Table 9: EPANET Future  Node Results.” which can be obtained from the appendix.
“Table 10: EPANET Future  Link Results." Which can be obtained from the appendix.
6.5. Future situation of the water network:



According to the output of the future network data;
· High pressure at nodes:
There is no high pressure nodes in the network.

· Low pressure at nodes:
39, 47, 49, 51, 53, 67, 69, 71, 83, 135, 143, 145, 225, 227

There are junctions with low pressure and these values don’t cause a problem for our network, these values don’t mean that water dosen’t reach people, but it reaches some people before others.

These nodes is there at the end of the network which is called dead ends nodes.

Nodes 49, 53, 69, 83 have very low pressure so if these people want to have water when pumping starts they can use ground water tanks with small pumps (one half hourse power), to achieve that.

· High velocity in pipes:
There is no high velocity pipes were found the highest value is 2.27 m\sec and this value satisfies our criteria.

· Low velocity in pipes:
574

This network in general not has low velocity values because it’s pipes diameter are relatively small.
The table that contains the new diameters of all the network’s pipes is “Table 11: Future nodes and pipes Link." Which can be obtained from the appendix.

Pf = Pp(1+i)^n








Demand factor = (future demand\ existing demand)* (future population\ existing population).
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